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Executive Summary and Conceptual Site Model
SITE INFORMATION AND SETTING
Report Purpose

Phase 2 interpretative ground investigation and risk assessment.

Client

Smithson Hill

Site Name and
Location

Land at Hinxton, A1301, Hinxton, Cambridgeshire

Proposed
Development

A Park for Agritech

PHASE 2 – GROUND INVESTIGATION
Hydrock Site
Works

The Hydrock ground investigation comprised:
3 cable percussive borehole to 10.0m bgl;
17 window sample boreholes to a maximum depth of 11.16m bgl;
54 trial pits to a maximum depth of 2.8m bgl;
6 hand dug topsoil sample pits to a maximum depth of 0.2m bgl;
48 infiltration tests;
53 Dynamic Cone Penetrometer (DCP) tests;
chemical testing of soils and geotechnical testing of soils and rocks;
7 installations of 50mm diameter dual purpose gas and groundwater monitoring standpipes;
2 falling head permeability tests; and
5 monitoring visits of gas and groundwater standpipes.

Ground
Conditions
Encountered
(All Data)

The ground conditions differ across the site and are split into: the northwest; and the southeast.
Northwest Site
Topsoil – to between 0.05m and 0.80m below ground level (bgl), comprising a soft dark brown silty,
sandy, gravelly clay or a dark brown slightly clayey, slightly gravelly sand; over
Alluvium – to between 1.00m and 1.80m bgl, comprising soft brown and red brown slightly gravelly,
sandy clay, locally slightly organic and containing part decayed vegetation; over
River Terrace Deposits – to between 0.75m and in excess of 5.45m bgl , comprising either a firm and
stiff brown sandy, gravelly clay or an orange brown and brown clayey, gravelly sand, locally
comprising a clayey, sandy gravel; over
Lowestoft Formation – locally present to 3.20m bgl, comprising a stiff brown and grey slightly sandy,
gravelly clay; over
Holywell Nodular Chalk Formation – to between at least 2.10m and 10.00m bgl, comprising
structureless chalk composed of slightly sandy, slightly silty, sub-angular to sub-rounded fine to
coarse gravel with low cobble content.
Southeast Site
Made Ground – locally present to between 0.65m and 0.85m bgl adjacent to the central commercial
unit, comprising a gravelly sand or sandy gravel with gravel of concrete, brick, asphalt and flint with
some metal fragments. The Made Ground recorded within the former railway cutting and
embankment in the east of the site comprised a gravelly sandy silt or silty sandy gravel of chalk and
flint; over
Lowestoft Formation – locally present to between 0.35m and 3.80m bgl, comprising either a firm and
stiff brown sandy, gravelly clay or an orange brown and brown clayey, gravelly sand, which locally
became a clayey, sandy gravel; over
Holywell Nodular Chalk Formation – present in the western and central parts to between at least
2.00m and 10.00m bgl , comprising structureless chalk composed of slightly sandy, slightly silty, subangular to sub-rounded fine to coarse gravel with low cobble content. Within TP38 and TP48, both
located in the southern part of the site, below between 1.30m and 1.70m bgl, this stratum was
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noted to become a structured chalk, comprising a weak, thinly bedded and closely fractured,
medium density white chalk with rare flint gravel and cobbles and localised pockets of orange
brown clay; over
Pit Chalk Formation – present in the eastern parts to between at least 2.00m and 5.45m bgl,
comprising a structureless chalk composed of silty, very sandy, sub-angular to sub-rounded fine to
coarse gravel with medium to high cobble content. Within TP39, located in the southern part of the
site, below 1.90m bgl, this stratum was noted to become a structured chalk, comprising a
moderately weak, thinly bedded and closely fractured, medium density white chalk with rare flint
gravel and cobbles.
There is no visual or olfactory evidence of petroleum hydrocarbon contamination in soils or
groundwater exposed within the exploratory holes conducted across the site.
Groundwater
Encountered
(All Data)

There is water present in the Alluvium, River Terrace Deposits and Holywell Nodular Chalk Formation
located within the northwestern part of the site at depths ranging from between approximately 1.00m
and 6.00m bgl. Groundwater across the central, eastern and southern parts of the site is likely present
within the Holywell Nodular Chalk and Pit Chalk Formations at depth.
GEO-ENVIRONMENTAL ASSESSMENT AND CONCLUSIONS

Conclusions of
Contamination
Generic Risk
Assessment
(All Data)

(Including
Guidance on Gas
Protection
Measures)

Human health:
Low concentrations of asbestos detected in a trial pit adjacent to the A1301. This is attributed to
asbestos from brakes and not considered a significant risk.
Plant growth:
Localised elevated copper and zinc concentrations within the Made Ground adjacent to the
commercial unit (TP59 and TP60). However, not considered a significant risk.
Ground gases or vapours:
Low risk from ground gases (subject to on-going monitoring) is present and CS1 conditions apply.
Radon:
The site is not in a Radon Affected Area.
Construction materials:
Low risk to construction materials from soils present on site.
Water supply pipes:
Greenfield site with no significant contaminants of concern and standard pipework is envisaged.
However, confirmation should be sought from the water supply company at the earliest
opportunity.

Mitigation
Measures

No remedial measures are considered necessary at the site, subject to regulatory agreement and further
plot specific assessments.
GEOTECHNICAL CONCLUSIONS

Obstructions

In general there is no existing or former development on the site. However, several small structures
were noted in the desk study and obstructions associated with these structures may be encountered
locally.

Groundworks

Excavation to proposed founding depth generally should be readily achievable with standard excavation
plant. Heavy duty excavation plant/breaking equipment may be required to excavate any minor buried
obstructions and more competent chalk strata.
In general instability of excavation faces was not observed during excavation of the trial pits. However,
several trial pits within the smaller, northwestern site, encountered unstable pit sides and collapse within
the coarse granular River Terrace Deposits, in association with shallow water strikes.
Recorded groundwater levels within the lower lying northwestern part of the site are generally shallow
(1.0m to 2.0m bgl) within the Alluvium and River Terrace Deposits, becoming deeper (5.0m to 6.0m bgl)
within the Holywell Nodular Chalk Formation in the vicinity of the existing A505/A1301 roundabout.
Based on site observations, it is considered that sump pumping will not be sufficient to deal with
anticipated flows and alternative methods of dewatering including cut-offs, or well points, may prove
necessary. Over the remainder of the site sump pumping will be appropriate.
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Earthworks

Overall the site slopes down to the west with some variance, with the smaller northwestern site generally
flat. The soils present on site will be suitable for re-use as part of the earthworks. However, some
modification of moisture content may be required to allow for placement. Significant earthworks
activities and changes in levels are envisaged to allow construction.

Foundations

Foundation choice will depend on the type of structure proposed.
If any buildings are constructed in the area of Alluvium in the northwest then piled foundations may be
required. However, strip/trench fill or pad foundations will be appropriate for standard construction
across the majority of the site.
For buildings with high loads or sensitive tolerances to settlement, piled foundations will be required.

Ground Floor
Slabs

Following cut to fill earthworks, ground bearing floor slabs are likely and subject to works being
undertaken to an appropriate specification. Over excavation and replacement of clay soils will be
required.

Road Pavement
Design (CBR)

3.0% on Alluvium and River Terrace Deposits on the smaller northwestern site.
4.0% on chalk strata across the majority of the main site, although the frost-susceptible nature of these
strata need to be taken into account during design.

Soakaways

Soakaway drainage is considered suitable for this site, although selected areas of the site possessed more
favourable infiltration rates than others.
Indicative soil infiltration rates range from 7.0 x 10-6m/s to 5.8 x 10-4m/s

Buried Concrete

Design Sulfate Class - DS-1 and ACEC Class AC-1.
Equivalent to Design Chemical Class DC-1 for a 50 year design life.

Waste
Management

If suitable segregation of different types of waste is put in place, the Made Ground has the potential to be
classified as non-hazardous waste subject to additional (WAC) testing at the time of disposal.
The natural soils are likely to be classified as inert soil and stones, again subject to appropriate WAC tests,
if required.
FUTURE CONSIDERATIONS

Uncertainties and
Limitations

The proposed development has an unknown layout and further works will be necessary when the layout
and types of structures is known to assist design.

Further Work

The following further works will be required:
targeted investigation once the final layout of the Agri-Tech park is determined;
discussions with regulatory bodies regarding the conclusions of this report; and
detailed design.

This Executive Summary forms part of Hydrock Consultants Limited report number R/151760/003 (Issue 1) and should not be
used as a separate document.
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1.0

INTRODUCTION

1.1

Terms of Reference
In February 2016, Hydrock Consultants Limited (Hydrock) was commissioned by Smithson Hill to
undertake a ground investigation at the proposed Park for AgriTech, off the A1301,
Cambridgeshire.
The site covers approximately 240ha and is split into two distinct land areas. The northern plot
is the smaller of the two and currently consists of a large agricultural field with vegetation to the
west. The significantly larger southern land area is currently occupied primarily by agricultural
land with Hinxton Grange and its gardens located near centrally on the main site with large
areas of mature woodland in the east.
The proposed development is to comprise a new agricultural technology campus consisting of
offices, research and development facilities and light industry. In addition to the AgriTech
employment, the park will include flexible employment development and mixed use areas. At
the time of appointment the proposed development was at the inception stage and no fixed
plans or layout for the site had been supplied.
A Site Location Plan (Drawing 151760-G001) is presented in Appendix A.

1.2

Objectives
The objectives of this investigation are to undertake a preliminary assessment of the ground and
groundwater conditions to provide outline geotechnical design recommendations and to carry
out a preliminary risk assessment of potential chemical contaminants to establish ‘suitability for
use’ under the current planning regime.

1.3

Scope
The scope of work for this commission comprises:
a ground investigation including trial pitting, soakaway testing, TRL DCP Probing, window
sampling, cable percussive boring, rotary drilling, gas and groundwater monitoring,
laboratory chemical and geotechnical testing; and
reporting on findings of the ground investigation, geo-environmental assessment of the site
conditions and geotechnical interpretation of the ground and groundwater conditions.

See Appendix E for detailed reporting methodology.
A desk study undertaken by Hydrock in December 2015 reference R151760/002 has been used
as the basis for the preliminary conceptual site model presented in Section 2.0.

1.4

Provided Information
The following has been provided to Hydrock by Smithson Hill for use in the preparation of this
report:
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Survey Solutions. 18th August 2015. “Topographical Survey – Hinxton Grange”, Drawing No.
16087se-01.

1.5

Approach
The work has been carried out in general accordance with recognised best practice as detailed in
guidance documents such as the CLR 11 Model Procedures (Environment Agency 2004), the AGS
(2006) Good Practice Guidelines for Site Investigations, BS 5930:2015 and BS
10175:2011+A1:2013. The technical details of the approach and the methodologies adopted are
given in Appendix E.
A recognised phased approach has been followed, starting with a desk study and walk-over to
produce a preliminary assessment of the site conditions and the important factors that require
further investigation to reduce uncertainty. This has been reported in Hydrock Report
R151760/002.
Phase 2 comprises intrusive investigation work and testing. The factual data from Phases 1 and
2 are used to develop a conceptual site model (CSM). This comprises a ground model (of the
physical conditions) and an exposure model (of the possible contaminant linkages). The CSM
forms the basis for a number of risk assessments in accordance with current guidelines.
Professional judgement is then used to evaluate the findings of the risk assessments and to
provide recommendations for the project.
By convention, the geo-environmental and the geotechnical aspects are discussed in separate
sections, but in instances where interaction is required to produce a holistic design, this is
discussed at the end of the geotechnical recommendations section.
Remaining uncertainties and recommendations for further work are listed at the end of the
report.
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2.0

PRELIMINARY CONCEPTUAL SITE MODEL

2.1

Physical Setting
The preliminary ground model of the site is the basis of the understanding of the ground
conditions that will inform the geo-environmental exposure model and the geotechnical hazard
assessment.

2.1.1

Location and Site Setting
The approximately 240ha site is located off the A1301 in Hinxton, Cambridgeshire. The
postcode for Hinxton Grange on site is CB10 1RG and the approximate National Grid Reference
is 549846E, 246816N.
The site is separated into two areas.
The main southeastern site slopes down to the west towards the River Cam, some 500m west of
this part of the site, with a change in elevation from approximately 66mOD on the eastern
boundary adjacent to the A11 to around 27mOD on western boundary. A minor valley feature,
aligned near north to south is noted in the northwestern corner of the main site. The
westernmost fields within this part of the overall site were in use for crop and agricultural trials
undertaken by the National Institutes of Agricultural Botany (NIAB). The centre of the main site
was occupied by the house and grounds to Hinxton Grange with associated outbuildings, stables
and further dwellings. This part of the site is collectively known as the Derham Land. The
southeastern corner of the central estate contained a single commercial unit with car park and
external yard/storage.
The smaller northwestern site is located to the west of the A1301 and is generally flat and
sloped down towards the west and the River Cam, which flows northwards along the western
boundary. Elevations change across the site from approximately 29mOD in the east to around
23mOD in the west.

2.1.2

Site History
The site has primarily comprised open fields with some woodland since the late 1890s with
Hinxton Grange and its grounds situated near centrally upon the main southern part of the site
with some further dwellings and agricultural structures. The easternmost part of the site
contains a railway embankment in the south and north and a cutting in the central part of the
boundary. However, this railway is very rapidly shown as disused and only in short operational
use or never fully commissioned. A groundwater pumping station was present on the northern
boundary of the site constructed in 1989.
The smaller northwestern site was located adjacent to Pampisford Mill (corn mill) which became
disused in the 1950s and then works from the mid to late 20th Century. Associated with the mill
works a track and numerous small structures and hardstanding is shown within the extreme
northern part of this part of the site. These small structures are removed at a later date and a
large copse planted in the northwestern part of the northern site. The extreme southwestern
corner of the northern site contained the former alignment of the A505 leading to Whittlesford
Bridge, which was re-routed to its present alignment in the 1970s.
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The site does not appear to be within an area of significant current or historical potentially
contaminative uses nor within an area of reported mining or UXO influence.
2.1.3

Geology
The model applying to the site generally comprises some localised Made Ground across the site
area, where previous and current development has been noted in the desk study. A thin ribbon
of Alluvium is present along the western boundary of the northern site, adjacent to the River
Cam with River Terrace Deposits covering the northern site. Underlying the River Terrace
Deposits in the north and cropping at the surface in the western and central part of the main
site is the Holywell Nodular Chalk Formation with the eastern part of the main site underlain by
the New Pit Chalk Formation. A very localised covering of glacial Lowestoft Till is recorded in
published records generally comprising ‘chalky’ Glacial Till.

2.1.4

Hydrology and Drainage
The primary natural drainage feature present within the site area is the northwards flowing
River Cam present on the western boundary of the northern site and approximately 1.1km west
of the main southern site. Numerous unnamed secondary and tertiary tributaries to the River
Cam are also present to the north and east of the site.
There are three licensed surface water abstractions recorded within 1km of the site, primarily
from the River Cam.

2.1.5

Hydrogeology
The Alluvium, present as a thin ribbon along the western boundary of the site is classed as a
Secondary A Aquifer, but in practice its only function locally is a possible minor baseflow
contribution to the River Cam flowing along this boundary. The River Terrace Deposits across
the northern site are also classed as a Secondary A Aquifer and is likely to contain permeable
layers capable of transmitting groundwater laterally off-site and vertically downwards to
underlying strata.
The solid geology of the Holywell Nodular Chalk Formation and the New Pit Chalk Formation are
classified by the Environment Agency as a Principal Aquifer.
There are five recorded water wells on or within the vicinity of the site and there is a recorded
groundwater Source Protection Zone 1 and 2 on site and a Zone 3 on site fringes, primarily
associated with the potable groundwater abstraction point (operated by Cambridge Water) on
the central northern site boundary.
It is considered that the likely direction of hydraulic flow is to the west and northwest towards
the River Cam, locally towards the potable groundwater extraction point on the northern
boundary.
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2.2

Geo-environmental Exposure Model
The preliminary exposure model is used for geo-environmental hazard identification and
establishing potential contaminant linkages based on the contaminant-pathway-receptor
approach.

2.2.1

Potential Contaminants
For the purpose of this assessment the potential contaminants have been separated according
to whether they are likely to have originated from on-site or off-site sources.
Potential On-Site Sources of Contamination
General localised Made Ground possibly including metals, metalloids, asbestos, PAH and
petroleum hydrocarbons.
Hydrocarbon fuels and lubricants associated with domestic heating tanks, diesel generator,
car parks and driveways.
Herbicides and pesticides from historic and current agricultural use.
Fly tipped materials including metals, metalloids, asbestos, PAH and petroleum
hydrocarbons.
Ground gases (gases carbon dioxide and methane) from organic materials present in the
Made Ground.
Potential Off-Site Sources of Contamination
General localised Made Ground possibly including metals, metalloids, asbestos, PAH and
petroleum hydrocarbons.
Hydrocarbon fuels and lubricants associated with the petrol filling station to the northwest
of the main site and south of the northern site.
Ground gases (gases carbon dioxide and methane) from organic materials present in the
Made Ground and backfilled gravel pits.

2.2.2

Potential Receptors
The following potential receptors have been identified.
Humans (neighbours, site end users).
Development end use (buildings, utilities, landscaping and crops).
Groundwater: Principal aquifer of the Holywell Nodular Chalk Formation/New Pit Chalk
Formation and Secondary A aquifer status of the Alluvium and River Terrace Deposits.
Surface water: Water course of the River Cam to the west.
It should be noted that health and safety risks to site contractors and maintenance workers have
not been assessed during these works and will need to be considered separately.
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2.2.3

Potential Pathways
The following potential pathways have been identified.
Humans: ingestion, skin contact, inhalation of dust and outdoor air.
Buildings: methane ingress via permeable soils and/or construction gaps.
Plant life: root uptake.
Underlying groundwater: migration of contaminant via leachate dispersion through the
unsaturated zone in the Alluvium and River Terrace Deposits. .
Underlying groundwater: migration of contaminant into the Holywell Nodular Chalk
Formation/New Pit Chalk Formation.
Surface water: overland flow.
Surface water: drainage discharge.
Surface water: base flow from groundwater.

2.3

Geotechnical Hazard Identification
Potential geotechnical hazards based on the expected ground conditions are listed below.
Flooding – the extreme western part of the northern site is within a known flood plain.
Uncontrolled Made Ground – excessive settlement (creep and inundation settlement or
differential settlement) of foundations, roads and infrastructure elements.
Low strength, compressible ground – excessive settlement of foundations, roads and
infrastructure elements. Generally anticipated to be a localised risk.
Attack of buried concrete by aggressive ground conditions – the development site may
contain unknown Made Ground and potentially sulfate bearing alluvial soils.
Shrink / swell of clay – settlement / heave of foundations when located within the influence
of trees and vegetation, associated with the Alluvium in the northwest of the site.
Running sands and shallow groundwater, leading to difficulty with excavation due to trench
collapse, associated with the River Terrace Deposits in the northwest of the site.
Slope / cutting instability - the eastern part of the main southern site contains a former
railway alignment which comprises a deep cutting and two embankments. Typical
instability causes are inappropriate cutting at the toe or loading at the crest of marginally
stable slopes / cuttings.
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3.0

GROUND INVESTIGATION

3.1

Investigation Rationale
The ground investigation rationale based on the findings of the preliminary risk assessment is
summarised in Table 3.1.
Table 3.1: Investigation Rationale
Exploratory Holes

Purpose

Trial Pits
TP 01 – TP03, TP06 –
TP11, TP14 – TP19,
TP22 - TP26, TP28 TP56

To assess shallow ground conditions
To allow collection of samples for contamination and geotechnical testing
To undertake soil infiltration rate tests

TP57

To assess the slightly hummocky/overgrown vegetation area.
To allow collection of samples for contamination and geotechnical testing

TP 59 - TP60

To assess shallow ground conditions in rough/hummocky ground.
To allow collection of samples for contamination and geotechnical testing

TP61

To assess shallow ground conditions in the railway cut and embankment.
To allow collection of samples for contamination and geotechnical testing

BH01.

Position inaccessible for rig due to soft ploughed topsoil and rainfall, therefore undertaken
as a machine excavated trial pit.
To assess presence of gravel and groundwater.
To allow collection of samples for contamination and geotechnical testing

HP01 – HP06

Shallow (0.20m bgl) hand excavated pits within NIAB crop trials area for topsoil sample
collection.

TRL DCP 01 - 56

To undertake TRL DCP Probing adjacent to TP01 – TP56 to provide CBR’s.

Boreholes
WS01 – WS02

To investigate gravel thickness in the northwestern part of the site.
To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation.
To allow collection of samples for contamination testing.
Gas and groundwater monitoring pipe installed in WS01.

WS03 – WS07a

To investigate the railway embankment construction and cut profile.
To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation.
To allow collection of samples for contamination testing.

WS08 – WS10, WS12

General coverage in Derham Land.
To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation.
To allow collection of samples for contamination testing.
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Exploratory Holes

Purpose

WS11, WS14 - WS16

Undertaken for shallow groundwater presence and assessment.
To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation.
To allow collection of samples for contamination testing.
Gas and groundwater monitoring pipe installed.

BH02, BH03

To assess gravel thickness in the northwestern land parcel.
To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation.
To allow collection of samples for contamination testing.
Gas and groundwater monitoring pipe installed in BH02.

BH04 – BH05

To assess deeper ground conditions in the area around the proposed Cycle Bridge Location
and allow SPTs and samples for geotechnical characterisation.
To allow collection of samples for contamination testing.
Gas and groundwater monitoring pipe installed.

RC01

To assess deeper ground conditions and allow SPTs and samples for geotechnical
characterisation in the vicinity of the embankment and cut.
To allow collection of samples for contamination testing.
Gas and groundwater monitoring pipe installed.

Probing
TRL DCP 01 - 56

To undertake TRL DCP Probing adjacent to TP01 – TP56 to provide CBR values across the
site.

A number of proposed exploratory holes were unable to be excavated due to an easement strip
along the route of a high pressure gas main, which crosses the site from near northeast to
southwest and an associated Hydrock imposed standoff zone. These planned locations are, TP04,
TP05, TP12, TP13, TP20, TP21, TP27 and TP58. Dynamic Cone Penetrometer testing at these
locations was also not undertaken due to the risk of cone strike with the buried utility.
Access was not granted to the location of borehole WS13, which was located adjacent to a diesel
generator and tank within the car park/yard area to the commercial premises within the centre
of the site.
RC01 located on the crest of the northern section of the railway embankment was not accessible
to the proposed tracked rotary Pioneer rig due to the rough nature of the crest of the
embankment and the mature vegetation along the route. Therefore this borehole was replaced
by a window sample borehole undertaken by a smaller and more manoeuvrable tracked rig.
Access was not possible to the location of BH01 for the cable percussive rig due to the ploughed
field becoming very boggy following a sustained period of inclement weather, this position was
excavated by wheeled excavator as a trial pit. Similarly, BH03 was undertaken by the tracked
window sample rig which could traverse the boggy ploughed ground to this location.
Proposed borehole BH06 was unable to be undertaken, again due to boggy ground and the
identification of an unmarked manhole cover and drain run adjacent to the borehole location.
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3.2

Ground Gas Regime
It is judged from the available evidence that the gas generation potential at the site is low and
the sensitivity of the development is low. This is on account of the small amounts of Made
Ground present and the proposed commercial end use. Consequently, an appropriate minimum
monitoring regime is four readings over two months, provided other monitoring requirements
are also met, such as prevailing atmospheric pressure conditions (for example, BS 8485:2015
suggests monitoring shall include a period of falling atmospheric pressure).
Monitoring was undertaken between 19th April and 22nd June 2016

3.3

Site Works
The fieldwork took place between 29th February and 22nd March 2016 and is summarised in
Table 3.2 and the approximate position of site investigation locations (positioned by a surveyor
using GPS) are shown on the Ground Investigation Plan in Appendix B.
The logs, including details of ground conditions, soil sampling, in situ testing and any
installations, are presented in Appendix B.
Table 3.2: Summary of Site Works
Activity

No.

Max. or Range
Depth

In Situ Tests

Cable percussive

3

10.0

SPT

63mm HDPE wells with gas taps
in 2 holes (BH04 and BH05).

Dynamic
Percussive
Sampling (Terrier
2000)

17

2.97 – 11.16

SPT

63mm HDPE wells with gas taps
in 5 holes.
(WS11, WS14 to WS16 and
RC01).

Machine (JCB 3CX)

54

1.50 – 2.80

-

-

Hand Excavated

6

0.20

-

Shallow topsoil sampling within
NIAB crop trials area.

TRL Dynamic Cone
Penetrometer
(DCP)

53

0.86 – 1.01

DCP CBR

48

2.00 – 2.35

-

Method

Notes (e.g. Installations)

Drilling, Pitting and Probing
Boreholes

Trial pits

Probes

-

Other In Situ Testing or Monitoring
Infiltration
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3.4

Geo-Environmental Testing

3.4.1

Sampling Strategy and Protocols
Investigatory hole locations were determined by reference to the conditions identified in the
preliminary risk assessment.
Samples were taken stored and transported in general accordance with BS 10175:2011
+A1:2013.

3.4.2

Geo-environmental Monitoring
Gas monitoring boreholes have been monitored on five occasions to date. The results are
presented in Appendix D.

3.4.3

Geo-environmental Laboratory Analyses
Wherever possible, UKAS accredited procedures have been used and the chemical test
certificates are provided in Appendix. The geo-environmental analyses undertaken on soils are
summarised in Table 3.3.
Table 3.3: Summary of Sample Numbers for Geo-environmental Analyses of Soils or Other Solids
Determinand Suite
(see Appendix for
Details of Suites)

3.4.4

Topsoil

Made Ground

Alluvium

River
Terrace

Lowestoft
Formation

Holywell Chalk
Nodular & Pit Chalk
Formations

Hydrock default suite
of determinands for
solids

35

2

1

1

2

9

Total petroleum
hydrocarbons by GCFID (Hydrock Level 2
suite)

16

2

1

1

1

3

Geotechnical Laboratory Testing
Wherever possible, UKAS accredited procedures have been used and the geotechnical test
certificates are provided in Appendix. The tests undertaken are summarised in Table 3.4.
Table 3.4: Summary of Sample Numbers for Geotechnical Tests
River Terrace Deposits

Holywell Chalk Nodular
Formation

Pit Chalk Formation

Particle size distribution
(wet sieve/pipette)

6

-

-

Saturation Moisture
content (SMC) of chalk

-

8

11

Point load index of chalk

-

10

20

Test
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4.0

GROUND INVESTIGATION RECORDS AND DATA

4.1

Physical Ground Conditions

4.1.1

Introduction
The following presents a summary of the properties of the ground and groundwater conditions
encountered, based on field observations, interpretation of the field data and laboratory test
results, taking into account drilling, excavation and sampling methods, transport, handling and
specimen preparation.
All relevant data from the Hydrock investigation detailed in Section 3.0 are used from this point
forward. Derived1 geotechnical parameters are presented also.
For the purposes of property designation, soils are divided into fine soils (clays and silts) and
coarse soils (sands, gravels, cobbles and boulders) in accordance with BS 5930.
The angle of shearing resistance (φ') of the coarse soils has been derived from the uncorrected
standard penetration resistance N-value using the relationship published by Hatanaka and
Uchida (1996).
The nature of the investigation techniques employed makes it difficult to determine with
accuracy the Grade of the structured Chalk (structureless Chalk can be generally reasonable
accurately graded based on visual observation of disturbed samples), which is best determined
from significantly more costly, rotary cored boreholes. Therefore, the Chalk Grades assigned to
the structured Chalk strata are based on visual observations of the recovered material and
engineering judgement concerning the in situ fracture spacing and aperture.

4.1.2

Summary of Strata Encountered
The ground conditions proven during the current investigation are in general accordance with
the published geological literature and expectations from the desk study and previous
investigation works.
Details are provided in the logs in Appendix B, a summary is presented in Table 4.1 and the
individual strata are described in the sections below. Due to the significant differences in
geology across the site the ground conditions have been separated into northwest and
southeast areas.
Table 4.1: Strata Encountered
Stratum

Brief Description

Depth to Top
(m bgl)

Depth to Base
(m bgl)

Thickness
(m)

GL

0.05 – 0.80

0.05 – 0.80

Northwest Site Area
Topsoil

Soft dark brown silty, sandy, gravelly CLAY or
Dark brown slightly clayey, slightly gravelly
SAND.

1

Derived values of geotechnical parameters and/or coefficients are obtained from test results, by theory, correlation or empiricism in line with
BS EN 1997-2:2007, Section 1.6.
Hydrock Consultants
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Depth to Top
(m bgl)

Depth to Base
(m bgl)

Thickness
(m)

Soft dark brown, brown and grey slightly
sandy, slightly gravelly CLAY.

0.35 – 0.50

1.00 – 1.80

0.50 – 1.40

Yellow brown and orange brown clayey,
gravelly SAND / sandy GRAVEL.
Locally stiff greenish grey and orange brown
clayey, sandy, gravelly SILT.

0.05 – 1.80

0.70 - >5.45

0.30 - >5.40

River Terrace
Deposits

Lowestoft
Formation

Stiff brown and grey slightly sandy, gravelly
CLAY.

0.50

3.20

2.70

Holywell
Nodular Chalk
Formation

Structureless chalk comprising silty, sandy
GRAVEL of chalk. Locally becoming
structured at depth.

0.45 – 3.80

>2.10 - >10.00

>0.75 - >6.80

Stratum

Brief Description

Alluvium

Southeast Site Area

4.1.3

Topsoil

Soft dark brown silty, sandy, gravelly CLAY or
Dark brown slightly clayey, slightly gravelly
SAND.

GL

0.05 – 0.60

0.05 – 0.60

Made Ground

Locally soft brown and grey silty, gravelly
CLAY over brown, grey and white, sandy
GRAVEL or clayey, silty, gravelly SAND.

GL

0.65 – 0.85

0.65 – 0.85

Made Ground
(Railway
Cutting/
Embankment)

Dark brown clayey, gravelly SAND or soft
dark brown sandy, gravelly CLAY over white
and brown mottled sandy, gravelly CLAY/SILT
or silty, sandy GRAVEL. Gravel of chalk.

0.10 - >11.16

0.10 - >11.16

Lowestoft
Formation

Firm and stiff brown sandy, gravelly CLAY or
orange brown and brown clayey, gravelly
SAND, locally clayey, sandy GRAVEL.

0.05 – 1.40

0.35 – 3.80

0.20 – 3.50

Holywell
Nodular Chalk
Formation

Structureless chalk comprising silty, sandy
GRAVEL of chalk. Locally becoming
structured at depth.

0.20 – 3.80

>2.00 - >10.00

>0.75 - >6.80

Pit Chalk
Formation

Structureless chalk comprising silty, sandy
GRAVEL of chalk. Locally becoming
structured at depth.

0.30 – 1.60

>2.00 - >5.45

>1.20 – >5.15

Topsoil
For the purposes of this report, topsoil is defined as the upper layer of an in situ soil profile,
usually darker in colour and more fertile than the layer below (subsoil), and which is a product of
natural chemical, physical, biological and environmental processes, but does not imply
compliance with BS 3882:2015.
Topsoil was encountered across the majority of the site with the exception of TP59 and TP60,
situated within the rough ground to the south of the commercial building within the central
estate and those exploratory positions located within the former railway cutting or on the
embankment. This material generally consisted of a soft dark brown silty, sandy, gravelly clay or
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a dark brown slightly clayey, slightly gravelly sand. The gravel fraction of this stratum consisted
of angular to round chalk and flint.
4.1.4

Made Ground
Made Ground was encountered in the vicinity of the commercial building in the centre of the
site and in association with the former railway cutting and embankment in the east of the site.
The Made Ground in the vicinity of the commercial building comprises a gravelly sand or sandy
gravel with gravel of concrete, brick, asphalt and flint with some metal fragments.
The Made Ground along the former railway embankment and within the near surface of the
cutting comprises predominantly a gravelly sandy silt or silty sandy gravel of chalk and flint.
The Made Ground is inherently variable and as such representative values of geotechnical
properties are impracticable to determine. On this basis, no laboratory geotechnical testing has
been undertaken on it.

4.1.5

Alluvium
Alluvium was only encountered underlying the topsoil in the northwest of the site and was only
recorded in four locations (BH02, TP52, TP53 and TP57). This generally consisted of soft brown
and red brown slightly gravelly, sandy clay, locally slightly organic and containing part decayed
vegetation. Gravel comprises flint and chalk.
Undrained shear strength parameters of the cohesive units of these materials based on in situ
testing are presented in Table 4.2.
Table 4.2: Soil Strength Results and Derived Values
SPT
(N-Value)
(Range)

Shear Strength
(Range)

5

25

Method

No. of Results

cu (kPa)
Correlation with Stroud (1975) based on ‘average’ plasticity

1

An approximate coefficient of volume compressibility (mv) derived from the in situ SPT testing
within the Alluvium in the order of 0.43m2/MN can be determined adopting an f2 value of 0.46
(based on an estimated plasticity of 30%).
4.1.6

River Terrace Deposit
River Terrace Deposits were encountered underlying the topsoil and locally the Alluvium in the
northwest of the site. This generally consisted of a firm and stiff brown sandy, gravelly clay or
an orange brown and brown clayey, gravelly sand, locally comprising a clayey, sandy gravel. The
gravel fraction of this stratum comprised angular to rounded, fine to coarse flint and chalk.
SPT N-values within the coarse units of these materials range from 14 to 29, showing them to be
of medium relative density. Angles of shearing resistance based on these results range from 31°
to 36° based on the correlation of Hatanaka and Uchida (1996).
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The particle size distribution curves for this material determined by sieving and sedimentation
by pipette indicates that these coarse granular deposits are highly variable and composed of the
following size particles; 8 - 16% clay, 11 – 33% silt, 29 - 51% sand and 12 - 52% gravel.
4.1.7

Lowestoft Formation
Glacial deposits of the Lowestoft Formation were encountered locally across the central and
eastern parts of the site underlying the topsoil cover. These deposits generally consisted of
either a firm and stiff brown sandy, gravelly clay or an orange brown and brown clayey, gravelly
sand, which locally became a clayey, sandy gravel. The gravel fraction of these materials
comprised angular to rounded, fine to coarse flint and chalk.
The particle size distribution curve for this material determined by sieving and sedimentation by
pipette indicates that these coarse granular deposits are composed of the following size
particles; 15% clay, 25% silt, 45% sand and 15% gravel.
Undrained shear strength parameters of the cohesive units of these materials based on in situ
testing are presented in Table 4.3.
Table 4.3: Soil Strength Results and Derived Values
SPT
(N-Value)
(Range)

Shear Strength
(Range)

14 - 27

70 - 160

Method

No. of Results

cu (kPa)
Correlation with Stroud (1975) based on ‘average’ plasticity

5

Approximate coefficients of volume compressibility (mv) derived from the in situ SPT testing
within the cohesive units of these materials range from 0.08m2/MN to 0.16m2/MN adopting an
f2 value of 0.46 (based on an estimated plasticity of 30%).
4.1.8

Holywell Nodular Chalk Formation
The solid geology of the Holywell Nodular Chalk Formation was encountered underlying the
topsoil and superficial deposits in the central and northwestern parts of the site. This generally
consisted of a structureless chalk composed of slightly sandy, slightly silty, sub-angular to subrounded fine to coarse gravel (CIRIA Grade Dc). Gravel is weak to moderately weak, low and
medium density white, with low cobble content and rare black manganese speckles. Cobbles
are weak, medium density. Matrix is uncompact, off-white with occasional white rinded flint
cobbles. Within TP38 and TP48, both located in the southern part of the site, below between
1.30m and 1.70m bgl, this stratum was noted to become a structured chalk, comprising a weak,
thinly bedded and closely fractured, medium density white chalk with rare flint gravel and
cobbles and localised pockets of orange brown clay.
SPT N-values within this stratum range from 4 to >50, but are generally within the range 7 to 26,
showing them to be of loose to medium relative density.
The Saturation Moisture Content (SMC) of suitable sample specimens for this stratum was
determined within the laboratory with values of between 1.41Mg/m3 and 1.62Mg/m3
determined. These values indicate a chalk density classification for this stratum of low to
medium.
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4.1.9

Pit Chalk Formation
The Pit Chalk Formation was encountered underlying the topsoil, localised Made Ground and
superficial deposits in the eastern and southeastern parts of the site. This generally consisted of
a structureless chalk composed of silty, very sandy, sub-angular to sub-rounded fine to coarse
gravel (CIRIA Grade Dc). Gravel is extremely weak to moderately weak, low and medium density
white, with medium to high cobble content and rare black manganese speckles. Cobbles are
weak, medium density. Matrix is uncompact, off-white with occasional white rinded flint
cobbles. Within TP39, located in the southern part of the site, below 1.90m bgl, this stratum
was noted to become a structured chalk, comprising a moderately weak, thinly bedded and
closely fractured, medium density white chalk with rare flint gravel and cobbles.
SPT N-values within this stratum range from 9 to >50, but are generally within the range 11 to
29, showing them to be of loose to medium relative density.
The Saturation Moisture Content (SMC) of suitable sample specimens for this stratum was
determined within the laboratory with values of between 1.40Mg/m3 and 1.58Mg/m3
determined. These values indicate a chalk density classification for this stratum of low to
medium.

4.1.10 California Bearing Ratio (CBR)
The CBR results are summarised in Table 4.4 including recommended values that can be
assumed for preliminary design purposes within the scope of this report.
Table 4.4: CBR Results and Derived Values
Stratum

Method

No. Tests

CBR (%) (Range)

Alluvium

In situ Dynamic Cone Penetrometer (DCP)

3

4.9 - 100+

River Terrace Deposits

In situ Dynamic Cone Penetrometer (DCP)

3

3.5 – 49

Lowestoft Formation

In situ Dynamic Cone Penetrometer (DCP)

2

3.4 – 26

Holywell Nodular Chalk Formation

In situ Dynamic Cone Penetrometer (DCP)

20

3.9 – 100+

Pit Chalk Formation

In situ Dynamic Cone Penetrometer (DCP)

27

7.1 – 100+

4.1.11 Sulfate Content
In accordance with BRE (Special Digest 1), the Design Sulfate (DS) classification and the
Aggressive Chemical Environment for Concrete (ACEC) classification are presented in Table 4.5.
The assessment summary sheet is presented in Appendix.
Table 4.5: Aggressive Chemical Environment Concrete Classification
Stratum
All (undifferentiated)
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4.1.12 Rock Characterisation
Intact Material Strength
Table 4.6 summarises information pertaining to the strength of the intact rock material (not rock
mass) according to geological stratum and, if applicable, weathering zones or other variations
within particular strata. Factual results are summarised for laboratory and field tests. Where
point load index tests are used to infer unconfined compressive strength (UCS), this is also
tabulated. Rock strength terms follow the method of BS EN ISO 14689-1:2003.
Note that rock strength is quoted as its unconfined compressive strength, which is twice the
shear strength value. This is particularly important in the intermediate range between very stiff /
hard soils classified in terms of shear strength and very weak rocks, described in terms of
compressive strength.
Care should be exercised in using these assumed rock strength parameters for any purpose
beyond the scope of this report because it may be that additional sampling and testing is
required for certain purposes. The reader should refer to the original test results in Appendix.
Note also that rock mass properties, rather than intact rock material properties, may be more
suitable for design purposes.
Table 4.6: Intact Rock Strength Results and Derived Values

Point Load Index (Range)
Stratum

4.2

Point
Load
Factor

UCS (MPa)
(Range)

Method

No. of
Results

Is

Is(50)

k

Holywell Nodular Chalk
Formation

0.08 – 0.19

0.09 – 0.20

12

1.08 – 2.40

Irregular lump point
load

10

Pit Chalk Formation

0.06 – 0.23

0.07 – 0.21

12

0.84 – 2.52

Irregular lump point
load

20

Groundwater
Groundwater strikes encountered during the investigation and subsequent monitoring are
summarised in Table 4.7.
Table 4.7: Groundwater Data
Fieldwork

Post-Fieldwork Monitoring

Stratum

Date Range

Exploratory
Hole

Depth Groundwater
Encountered (Rose to after 20
mins)
(m bgl)

Depth to Groundwater (Range)
(m bgl)

Alluvium

08/03/16

BH02

2.2 (1.9)

-

22/03/16

BH01

1.15

-
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Fieldwork

Stratum

River Terrace
Deposits
Holywell
Nodular Chalk
Formation

4.2.1

Post-Fieldwork Monitoring

Date Range

Exploratory
Hole

Depth Groundwater
Encountered (Rose to after 20
mins)
(m bgl)

21/03/16

TP55

2.00

-

22/03/16

TP57

1.90

-

08/03/16

BH02

6.50

-

07/03/16 –
20/05/16

BH04

6.50

5.44 – 5.59

08/03/16 –
20/05/16

BH05

6.50

5.07 – 5.21

Depth to Groundwater (Range)
(m bgl)

Infiltration Tests
The results of the infiltration testing undertaken are summarised in Table 4.8. The results sheets
are presented in Appendix B. All testing was carried out in accordance with Hydrock’s 1-day
assessment methodology. This is in general accordance with BRE Digest 365 (BRE 2007) where
infiltration rates allow three test runs during a working day (or where there is no infiltration),
but where low infiltration rates were encountered the available time may not have been
sufficient to fully comply with the BRE test method.
Where less than three tests were possible in a particular location the results provided should be
considered indicative only and should not be used for design purposes. Further discussion
concerning the suitability of infiltration testing at the site is provided in Section 6.7.
Table 4.8: Infiltration Test Results

Stratum

Trial Pit no.

Depth
(m)

Infiltration Rate (m/s)
Test 1

Test 2

Test 3

TP55 & TP56

2.10 –
2.20

1.1 x 10-5 – 2.4 x 10-5

3.4 x 10-5

3.6 x 10-5

Holywell
Nodular
Chalk
Formation

TP01, TP03, TP06,
TP07, TP10, TP11,
TP14 to TP16,
TP22, TP23, TP28,
TP29, TP37, TP38,
TP43, TP48, TP49,
TP53, TP54

1.90 –
2.50

7.4 x 10-6 – 5.8 x 10-4

1.5 x 10-5 – 3.8 x 10-4

4.0 x 10-5 – 5.1 x 10-4

Pit Chalk
Formation

TP08, TP09, TP17
to TP19, TP24 to
TP26, TP30 to
TP36, TP39 to
TP42, TP44 to
TP47, TP50, TP51

2.00 –
2.30

8.3 x 10-6 – 1.1 x 10-4

7.0 x 10-6 – 4.7 x 10-5

2.2 x 10-5 – 7.2 x 10-5

River
Terrace
Deposits
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4.2.2

Permeability Tests
The results of permeability testing using falling head analysis are summarised in Table 4.9. The
results sheets are given in Appendix B.
Table 4.9: Permeability Test Results
Stratum

4.3

Borehole No.

Test Section (m)

Hydraulic Conductivity (m/s)

Holywell Nodular Chalk Formation

BH04

4.50 – 5.00

1.2 x 10-5

Holywell Nodular Chalk Formation

BH05

5.50 – 6.00

1.0 x 10-5

Geo-Environmental Results
The chemical test results for soil, leachate and groundwater are given in Appendix, which also
includes summary tables of the data.
Concentrations of the following determinands were not reported above the laboratory limit of
detection.
•

4.4

Soils – Cadmium, Chromium (VI), Mercury (inorganic), Cyanide (free), three of the sixteen USEPA
speciated polyaromatic hydrocarbons (PAHs) and fourteen of the fifteen TPH CWG speciated
carbon bands.

Ground Gases (Carbon Dioxide and Methane)
Records from the gas monitoring boreholes are presented in Appendix D and summarised in
Table 4.10.
Table 4.3: Range of Ground Gas Data

4.5

Methane (%)

Carbon Dioxide (%)

Oxygen (%)

Flow Rate (l/hr)

<0.1

0.3 – 5.5

10.8 – 20.7

<0.1

Updated Ground Model
The preliminary conceptual site model initially developed from the desk study and walk-over
survey (Section 2.0) has been confirmed using the findings of the ground investigation.
Subsequent to the ground model described in Section 2.0, the ground investigation has
conformed ground conditions below the site to comprise:
•

Topsoil – to between 0.20m and 0.80m below ground level (bgl), comprising a soft dark
brown silty, sandy, gravelly clay or a dark brown slightly clayey, slightly gravelly sand; over

•

Made Ground – locally present to between 0.65m and 0.85m bgl adjacent to the central
commercial unit, comprising a gravelly sand or sandy gravel with gravel of concrete, brick,
asphalt and flint with some metal fragments. The Made Ground recorded within the
former railway cutting and embankment in the east of the site comprised a gravelly sandy
silt or silty sandy gravel of chalk and flint; over
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•

Alluvium – present in the northwestern corner to between 1.00m and 1.80m bgl,
comprising soft brown and red brown slightly gravelly, sandy clay, locally slightly organic
and containing part decayed vegetation; over

•

River Terrace Deposits – present in the northwestern corner of the site to between 0.75m
and in excess of 5.45m bgl , comprising either a firm and stiff brown sandy, gravelly clay or
an orange brown and brown clayey, gravelly sand, locally comprising a clayey, sandy gravel;
over

•

Lowestoft Formation – locally present to between 0.35m and 3.80m bgl, comprising either a
firm and stiff brown sandy, gravelly clay or an orange brown and brown clayey, gravelly
sand, which locally became a clayey, sandy gravel; over

•

Holywell Nodular Chalk Formation – present in the western and central parts to between at
least 2.00m and 10.00m bgl , comprising structureless chalk composed of slightly sandy,
slightly silty, sub-angular to sub-rounded fine to coarse gravel with low cobble content.
Within TP38 and TP48, both located in the southern part of the site, below between 1.30m
and 1.70m bgl, this stratum was noted to become a structured chalk, comprising a weak,
thinly bedded and closely fractured, medium density white chalk with rare flint gravel and
cobbles and localised pockets of orange brown clay; over

•

Pit Chalk Formation – present in the eastern parts to between at least 2.00m and 5.45m bgl,
comprising a structureless chalk composed of silty, very sandy, sub-angular to sub-rounded
fine to coarse gravel with medium to high cobble content. Within TP39, located in the
southern part of the site, below 1.90m bgl, this stratum was noted to become a structured
chalk, comprising a moderately weak, thinly bedded and closely fractured, medium density
white chalk with rare flint gravel and cobbles.

There is water present in the Alluvium, River Terrace Deposits and Holywell Nodular Chalk
Formation located within the northwestern part of the site at depths ranging from between
approximately 1.00m and 6.00m bgl. The groundwater across the central, eastern and southern
parts of the site is likely present within the Holywell Nodular Chalk and Pit Chalk Formations at
depth.
There is no visual or olfactory evidence of petroleum hydrocarbon contamination in soils or
groundwater exposed within the exploratory holes conducted across the site.
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5.0

GEO-ENVIRONMENTAL ASSESSMENT

5.1

Approach
A number of generic risk assessments are undertaken in accordance with the principles of
CLR 11 (Environment Agency 2004) using the CSM that has been updated following the ground
investigation. Firstly, the risks associated with the identified potential contaminant linkages are
estimated using standardised methods (typically involving comparison of site data with
published ‘screening values’. Secondly, where screening values are exceeded, the risks are
evaluated in an authoritative review of the findings with other pertinent information to
determine if exceedance may be acceptable in the particular circumstances. For details please
refer to Appendix.
The data sets used comprise the appropriate analytical results obtained by Hydrock and listed in
Section 3.4.
In cases where unacceptable risks are indicated, mitigation measures such as more advanced
stages of risk assessment or remediation will be proposed in Section 5.10.

5.2

Updated Exposure Model
Following the site investigation, the plausible contaminant sources, receptors and pathways
identified in Section 2.0 have been updated or confirmed as follows.

5.2.1

Sources
The following potential sources have been removed from the exposure model.

5.2.2

•

General localised Made Ground possibly including metals, metalloids, PAH and petroleum
hydrocarbons.

•

Hydrocarbon fuels and lubricants associated with domestic heating tanks, diesel generator,
car parks and driveways.

•

Fly tipped materials including metals, metalloids, PAH and petroleum hydrocarbons.

Receptors
No potential receptors have been removed from, or added to, the exposure model.

5.2.3

Pathways
No pathways have been removed from, or added to, the exposure model.
With reference to the updated ground model and updated exposure model reported above,
generic risk assessment is undertaken in Section 5.0. Geotechnical recommendations made in
Section 6.0.
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5.3

Human Health Risk Assessment
This is a Tier 2 assessment using soil screening values for the CLEA land use scenario of
commercial / industrial.
The soil screening values used are generic assessment criteria (GAC) and results are given in
Appendix F. Note that the Category 4 Screening Levels (C4SL) for lead have been used as there
are no recognised GACs and the use of the term ‘GAC’ in this report includes these.
Statistical testing is used where data sets are suitable. For data sets with low sample numbers
and/or a non-random spatial distribution (e.g. where sampling is targeted at specific areas)
individual sample test results are compared directly with the screening values.
It should be noted that the phrase ‘further assessment required’ is used to denote soil
concentrations that are equal to, or exceed, a GAC. This does not necessarily mean that the soil
is ‘contaminated’ or not fit for use.

5.3.1

Risk Estimation (Including Statistical Testing)
The ‘averaging area’ used in this report is based on the conceptual model and the proposed
development and is taken to be the entire area of the site.
The data set for each chemical determinand has been assessed for the presence of potential
outliers (based on the conceptual model). No outliers have been removed.
In line with the guidance provided by the CIEH (May 2008) the 95th upper confidence level on
the true mean (US95) has been calculated from the sample data. Data have been assessed using
the one-sample t-test or the one-sided Chebychev Theorem, as appropriate to the distribution
and number of samples.
There are no substances for which the US95 exceeds the GAC and it is concluded that no further
assessment is required. In fact none of the US95 exceed the GAC for the most sensitive land end
use of residential with plant uptake.
Asbestos
During the sample screening process for asbestos a single soil sample, located in TP01 from
0.30m bgl in topsoil adjacent to the A1301, was recorded as containing loose fibres of asbestos,
identified as chrysotile.
Petroleum Hydrocarbons (PHC)
During the site investigation no exploratory positions were noted to contain any petroleum
hydrocarbon odours or any associated darkening/staining of the soils. Only one sample
recorded concentrations above the detection limit of the analytical apparatus from TP60 at
0.60m bgl, which recorded Aliphatics >EC16-EC35, with a concentration of 12mg/kg. However,
no exceedance of the GAC were recorded.
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5.3.2

Risk Evaluation
The screening exercise did not identify any substances at concentrations above the GAC.
However, the ploughed topsoil at a single location (TP01, located in the northwestern corner of
the main field) was found to contain asbestos in a single shallow sample, comprising loose
chrysotile fibres. The absence of historical development and current land use on this part of the
site would not be conducive to the generation of pACM and it is considered most likely that any
loose fibres present close to the main road were deposited as airborne particulates from the
adjacent highway or service station area. All other samples were found to be clear of pACM.
Subject to regulatory agreement, this is not considered a significant risk.

5.4

Plant Life Risk Assessment

5.4.1

Risk Estimation
Priority phytotoxic chemical concentrations have screened against published values to
determine the likely risk to plant growth and the findings presented in Appendix F. As with
human health, statistical testing is used where data sets are suitable, otherwise individual
sample test results are compared directly with the screening values.
There were no exceedances of the GAC identified in natural soils, and these do not present a risk
to site users.
Based on a US95 exceedance of the GAC, the pervasive chemicals of potential concern in the
Made Ground which require further assessment are summarised in Table 5.1.
Table 5.1: Pervasive Chemicals of Potential Concern for Which Further Assessment is Required (Risk to Plants)

Chemical of
Potential Concern

5.4.2

Generic
Criterion
(mg/kg)

Basis for
Generic
Criterion

No.
Samples

Min.
(mg/kg)

Max.
(mg/kg)

US95
(mg/kg)

No.
Samples
Exceeding
Generic
Criterion

B

3.0

NZ Timber 1997

2

1.3

2.1

3.44

0

Cu

135

BB 3882:2015

2

310

2100

5107

2

Zn

300

BB 3882:2015

2

130

340

693

1

Risk Evaluation
Within the Made Ground adjacent to the commercial premises near to the centre of the site,
copper and zinc are slightly elevated when compared to the GAC. Detriment to plant life is hard
to quantify and many of the GACs are based on agricultural crop yields rather than serious harm
of death of a species. As the exceedances are slight and the vegetation on this part of the site
did not show any signs of physical distress, Hydrock does not believe any additional
consideration is required with regards to risks to plant life. This is especially the case since this
part of the site is to be retained by the central estate and not included within the new
development plans.
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5.5

Pollution of Controlled Waters Risk Assessment

5.5.1

Risk Estimation
Based on the desk study information, the preliminary conceptual model identified the potential
for very localised elevated contaminants of concern (principally metals, metalloids, PAH and
petroleum hydrocarbons) to be present within any Made Ground at the site.
Subsequent visual, olfactory and laboratory analyses and assessment determined that no
elevated concentrations of the contaminants of concern (principally metals, metalloids, PAH and
petroleum hydrocarbons), were present within either the Made Ground or natural soils.
The Holywell Nodular Chalk and Pit Chalk Formations are classified as Principal Aquifers, whilst
the lack of significant potential sources of contamination and no evidence of actual solid phase
or contaminants would indicate a low risk to controlled waters on this site.
Therefore the risk posed to Controlled Waters from the site and the proposed development is
considered low.

5.6

Ground Gases Risk Assessment

5.6.1

Assessment
The risks associated with the ground gases methane (CH4) and carbon dioxide (CO2) are assessed
using BS 8485:2015 and guidance from CIRIA Report 665 (Wilson et al 2007). The development
proposals require consideration of Situation A (all forms of development).
The guidance requires the calculation of Gas Screening Values (GSV). For the purposes of the
calculation, were the recorded gas flow rate is below the manufacturer’s limit of detection for
the instrument used, the detection limit has been adopted for the gas flow rate.
The ground gas readings and gas regime conceptual model derived from the works to date are
considered to be sufficiently rigorous to provide a preliminary assessment of the ground gas
regime and the likely scope of protection measures, although this will be confirmed once the
monitoring programme is complete. The typical worst case GSV to date have been calculated as
<0.0001l/hr for methane and 0.0055l/hr for carbon dioxide.
Whilst there are occasional concentrations of carbon dioxide greater than 5.0%, the site is
classified as Characteristic Situation 1 (Situation A) for the commercial/industrial buildings.

5.6.2

Ground Workers
It is noted that concentrations of carbon dioxide (an asphyxiant) in the soil exceed HSE
Workplace Exposure Limits for personnel in the working environment of 1.5% for short term (15
minutes) exposure and 0.5% for long term exposure. Furthermore, soil concentrations of
oxygen are occasionally below the HSE recommendations of 18%.
Whilst risks to construction workers are not generally discussed in this report, and soil gas
concentrations are not necessarily reflected by those in the breathing zone, all contractors and
maintenance workers should be made aware of the possible presence of carbon dioxide and

Hydrock Consultants

23

Smithson Hill
Ground Investigation for a Park for AgriTech
R/151760/003

should take all necessary health and safety precautions when working in trenches or confined
spaces.

5.7

Construction Materials Risk Assessment

5.7.1

Water Pipelines
The current guidance on selection of materials for potable water supply pipes to be laid in
contaminated land is contained in a document published jointly by Water UK and the Home
Builders Federation (Water UK HBF (2014)). The protocols in that document are for guidance
and are not subject to enforcement by Water UK or any agency, but have been adopted by
Water UK and by HBF as best practice for their members. Accordingly this guidance is used in
the following assessment. For further details see Appendix.
A formal water pipe risk assessment is beyond the scope of this report, however, the findings of
this investigation have been compared to the threshold values in Water UK Table 1 as far as is
practicable to give an indication of the possible restrictions to the use of plastic pipes for water
supply to the site.
The site is generally greenfield and for the area of proposed construction comprises natural
soils, and the investigation and assessment has indicated no exceedance of the threshold values.
It is envisaged that standard pipework will be suitable for the site. However, this investigation
was not designed specifically for water pipe runs and confirmation should be sought from the
water supply company at the earliest opportunity.

5.8

Mitigation Measures
Based on the site investigation works to date no remedial measures are considered necessary at
the site. However, additional investigation is required to confirm these findings as the
development plan is firmed up.

5.9

Waste Classification and Materials Management

5.9.1

Waste Classification
If material is to be removed from the site (e.g. foundation arisings) the laboratory test results in
Appendix F, should be presented to the proposed receiving landfill site (to aid Waste
Characterisation), prior to export, to confirm that it is suitably licensed to accept them. Some
additional testing may be necessary at the time of disposal for the receiving landfill to confirm
the Waste Acceptance Criteria (WAC) are acceptable for it to receive the waste.
Non-hazardous soils require pre-treatment prior to disposal. Effective pre-treatment, involving
separation, sorting and screening can offer cost reductions through reducing the hazardous
nature and volume of soil waste. Costs for disposal of non-hazardous/hazardous soils are
significant compared to disposal of inert material.
Based on a HAZwaste® assessment it would appear that the Made Ground may be classified as
non-hazardous if suitable segregation of different types of waste is put in place. The natural
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soils are likely to be classified as inert soil and stones, again subject to appropriate WAC tests, if
required.
Further testing of the soils (WAC testing) may be required in order to satisfactorily categorise
the soil for its suitability for disposal at an inert or a hazardous landfill site.
Prior to disposal, the characteristics of any excavated soils will need classification in consultation
with landfill sites and waste disposal contractors. Testing and analysis will be required to be
carried out on the actual soil arisings which will constitute the waste.
5.9.2

Materials Management
Any material excavated on site may be classified as waste and it is the responsibility of the
holder of a material to form their own view on whether or not it is waste. This includes
determining when waste that has been treated in some way can cease to be classed as waste for
a particular purpose. If site-won material is to be re-used on site, a Materials Management Plan
will be required, signed off by a Qualified Person as defined in the ‘Development Industry Code
of Practice’ (CL:AIRE, March 2011).
It is likely that if excavated soils are reused on site under a Materials Management Plan (MMP)
they would not be classified as waste.
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6.0

GEOTECHNICAL ASSESSMENT

6.1

Geotechnical Categorization of the Proposed Development
Eurocode 7, Section 2 advocates the use of geotechnical categorization of the proposed
structures to establish the design requirements. At the time of report preparation the proposed
layout and types of structures and infrastructure to be included were unknown. However, for
the purposes of this investigation, the proposed structures have been classed as Geotechnical
Category 2 and are assumed to include multi-storey offices, laboratories, steel portal frame
units/warehouses, estate roads, public footbridges and balancing ponds. It is assumed that the
entire northwestern site is to comprise a vehicle park and ride, which may include several minor
ancillary structures such as bus stops/shelters and linked to the main site by a public
footbridge/above ground cycle path.
It is assumed that the existing former railway cuttings and embankments present along the
eastern site boundary are to remain essentially unaltered and are to provide public open space.
Vegetation management works may be undertaken in parts to facilitate pedestrian access and
movement but the structure of the engineered features are to be left unchanged.
The Geotechnical Category should be re-assessed at the design stage and a specific Geotechnical
Design Report is required for Category 2 structures.

6.2

Groundwork

6.2.1

Site Preparation
A high pressure gas main crosses the northwestern part of the main site from near northeast to
southwest and it is recommended that the final layout takes into account the presence of the
mains utility and adopts any development restrictions imposed by the utility owner. The
location of the utility should be positively identified and marked on site and appropriate
easement strips and crossing points in accordance with utility owner’s requirements adhered to.
An alternative would be to relocate the buried gas main to suit the final layout in advance of
commencement on site.
On the northern site boundary of the main site a potable water supply borehole and pumping
station is present and needs to be accommodated within the site design. Similarly the various
groundwater source protection zones (SPZ) as identified within the Hydrock Phase 1 Desk Study,
published in December 2015 reference R/151760/002, need to be noted during design.
Based on the initial site proposals and current conditions it is not anticipated that the Agri-Tech
development will involve any significant demolition works of existing buildings or structures.
However, some demolition will be required and there is the possibility of very localised buried
obstructions associated with foundations of old buildings and services to be present on site. If
underground structures cannot be removed, they will need to be surveyed in three dimensions
and the new structures will need to be designed to accommodate them.
Topsoil and unsuitable Made Ground should be removed from beneath all building and
hardstanding areas.
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6.2.2

Groundworks
Following breaking out of localised hardstanding and/or obstructions, excavation of shallow soils
should be readily undertaken by conventional plant and equipment. However, excavation
through any buried construction/intact rock quality strata may require heavy-duty excavation
plant or the use of specialist breaking equipment.
In general, instability of excavation faces was not observed during excavation of the trial pits.
However, several trial pits within the smaller, northwestern site, encountered unstable pit sides
and collapse within the coarse granular River Terrace Deposits, in association with shallow water
strikes. Whilst instability was not generally noted within the Holywell Nodular Chalk and Pit
Chalk Formations, there is the potential for overbreak of excavations, particularly where more
competent layers of these strata are encountered.
Random and sudden falls should be expected from the faces of near vertically sided excavations
put down in the northwestern part of the site. This situation is likely to be prevalent in any
Made Ground and natural superficial coarse soils and is likely to be exacerbated by water
inflows. Excavations within the in-situ chalk may encounter individual block falls and localised
collapse from open faces/sides.
Temporary trench support, or battering of excavation sides, is likely to be required for all
excavations that are to be left open for any length of time, and will definitely be required where
man entry is required. Particular attention should be paid to excavation at, or close to, site
boundaries/adjoining existing roads/structures/buildings/utilities, where collapse of excavation
faces could have a disproportionate effect.
A risk assessment of the stability of any open excavation should be undertaken by a competent
person and appropriate measures adopted to ensure safe working practise in and around open
excavations. Further guidance on responsibilities and requirements for working near, and in,
excavations can be obtained from the Construction Design and Management Regulations (2015).
Across the majority of the site, groundwater was not encountered during drilling of boreholes
and excavation of trial pits and is likely to be present at a significant depth (circa 50m to 60m bgl
based on the potable water supply borehole record presented within the Desk Study). Recorded
groundwater levels within the lower lying northwestern part of the site are generally shallow
(1.0m to 2.0m bgl) within the Alluvium and River Terrace Deposits, becoming deeper (5.0m to
6.0m bgl) within the Holywell Nodular Chalk Formation in the vicinity of the existing A505/A1301
roundabout. Based on site observations, it is considered that sump pumping will generally be
appropriate. However, in the northwest of the site sump pumping will not be sufficient to deal
with anticipated flows and alternative methods of dewatering including cut-offs, or well points,
may prove necessary. However, it should be recognised that groundwater levels will fluctuate
seasonally and the timing of construction may dictate the extent of groundwater control
required. Groundwater in the northwestern part of the site is likely in hydraulic continuity with
the adjacent River Cam on the northwestern site boundary.
Any water pumped from excavations, particularly those within the coarse granular River Terrace
Deposits, is likely to need to be passed via settlement tanks before being discharged to the
sewer; discharge consents will also be required.
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6.3

Earthworks
Overall the site slopes down to the west with some variance, with the smaller northwestern site
generally flat. Significant earthworks activities and changes in levels are envisaged to allow
construction.
Based on the existing data, Hydrock believe the soils on site will be suitable for re-use in
earthworks, subject to modification of moisture to allow placement.

6.4

Foundations
The proposed development is for a large and widespread Agri-Tech park with varying structures
likely to include multi-storey offices, laboratories, portal frame shed/units/warehouses, public
footbridges/raised cycle paths and associated minor structures. However, the final layout,
distribution and type of structures is unknown at the time of report preparation.
The localised Made Ground and low strength natural Alluvium soils are considered unsuitable in
their present condition for use as founding strata on the basis of their relatively low strength
and potentially high compressibility and should be fully penetrated by all new foundations.
Generally, the superficial glacial deposits of the Lowestoft Formation are too thin across the
majority of the site to bed used as a founding stratum and on this basis it is recommended that
all foundations on the larger main southeastern site are extended down to bear within the
Holywell Nodular Chalk and Pit Chalk Formations.
The chalk strata would be considered as non-shrinkable soils and unaffected by deep rooting
vegetation. However, chalk is classed as frost-susceptible, requiring a minimum foundation
depth. On this basis and the determined CIRIA chalk grade of Dc, a minimum founding depth
within these strata of 1.00m bgl is recommended with a minimum key into the chalk of 300mm.
If trees or hedgerows are to be removed from within the footprint of buildings, even though the
chalk is non-shrinkable, the root balls should be grubbed out and foundations extended to
below the zone of disturbance created by this activity.
The allowable bearing pressure for foundations takes into consideration the risk of shear failure
of the ground (ultimate limit state) and acceptable limits of settlement (serviceability limit
state).
Recommendations for Geotechnical Category 2 structures (according to EC7, BS EN 1997) are
presented to aid development proposals only. The selection of geotechnical design parameters
should be undertaken in conjunction with the design process and discussed in a separate
Geotechnical Design Report.
The depth of foundations should be designed, and the formations inspected by, a Geotechnical
Engineer. Any sub-formation materials deemed as unsuitable such as soft or loose zones should
be excavated and replaced with well compacted suitable granular fill or lean mix concrete.
Foundations which span founding materials of different stiffness should have mesh
reinforcement placed at the top and bottom, although the majority of foundations will be placed
within the relatively uniform chalk strata.
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Foundation excavations should be protected from water and inclement weather including frost
and any water should be removed by pumping from a sump in the base of the excavation. If
water is allowed to accumulate within excavations then rapid softening of the founding stratum
is likely to occur and require removal prior to casting of concrete.
6.4.1

Strip or Trench Fill Foundations
Traditional strip or trench fill foundations are considered suitable for the proposed
development, where proposed structures dictate that such foundations are suitable and should
be reviewed once the final layout of the development and locations has been determined.
Based on the soil descriptions provided in earlier sections of this report and CIRIA Report C574
(Lord et al 2002), as a preliminary guide, an allowable net bearing capacity of 125kN/m2 should
be available for a strip or trench fill foundation bearing on natural Grade Dm chalk. Where the
presence of Grade Dc chalk is confirmed at structure location and foundation depth then an
increased allowable net bearing capacity of 225kN/m2 should be available. These values include
a factor of safety of 3.0 against general shear failure and should result in total settlements of not
more than 20mm for foundations up to 1m wide, keeping differential settlements within
acceptable limits.

6.4.2

Pad Foundations
Pad foundations are also considered an appropriate solution for the proposed structures on this
development, again where the structures suit such a solution.
Based on the soil descriptions provided in earlier sections of this report and CIRIA Report C574
(Lord et al 2002), as a guide, an allowable net bearing capacity of 125kN/m2 should be available
for a pad foundation bearing on 1.2m by 1.2m on natural Grade Dm chalk. Where the presence
of Grade Dc chalk is confirmed at structure location and foundation depth then an increased
allowable net bearing capacity of 225kN/m2 should be available. This value includes a factor of
safety of 3.0 against general shear failure and should result in total settlements of not more than
20mm for foundations, keeping differential settlements within acceptable limits.
It should be noted that should enlarging the foundations be considered (for example because
loads are such that the quoted bearing pressure is inadequate based on the size of foundation
identified) this will probably lead to increased settlements and the above recommendations
should be reviewed.

6.4.3

Piled Foundations
In areas of the site underlain by thickened superficial deposits (adjacent to the northwestern
boundary and the River Cam) or where the proposed structures dictate or prefers a deeper
foundation solution then piled foundations are recommended.
Driven piles, bored piles with the use of casing and CFA piles should be suitable for this site.
However, the choice of piling system and detailed design of piles are beyond the scope of this
report and should be undertaken the specialist piling contractor taking into account the
following considerations.
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•

Obstructions in the ground, such as old foundations can cause piles to stop at shallower
than design depth, or deviate from the vertical, thereby reducing their capacity.

•

Pile, and in particular bored pile, installation can create preferential pathways for the
migration of contaminants to the groundwater.

•

Boring of piles in coarse soils is likely to result in loosening of the soils, with resultant
reduced shaft friction.

•

Groundwater was observed during the boring of the intrusive holes and the post-fieldwork
monitoring in the northwestern corner of the site and temporary casing may be required
for bored piles within coarse granular River Terrace Deposits unless CFA piles with
placement of concrete as the pile is withdrawn, are used.

•

Piles should extend a minimum of five pile diameters into the bearing stratum to fully
mobilise end-bearing resistance.

•

Care should be taken for bored and cast in situ piles taken through thickened Made Ground
and/or soft Alluvium where collapse of the pile shaft or running sand conditions could lead
to ‘necking’ of the pile.

Piles should be designed adopting the parameters and recommendations provided in earlier
sections of this report and CIRIA C574 (Lord et al 2002).
6.4.4

Piling Risk Assessment
A risk assessment is likely to be necessary for piling, as there is a possibility that this could lead
to creation of improved/new pathways for migration of contamination.

6.4.5

Working Platform
For piling, a working platform will be required prior to the arrival on site of tracked plant. This
should be designed and installed in accordance with BR470 (BRE 2004) based on data on the
piling plant in accordance with an FPS certificate for the rig loadings.

6.5

Ground Floor Slabs
Following cut to fill earthworks, ground bearing floor slab may be adopted, assuming all
earthworks are undertaken in accordance with a suitable specification and will also remove root
balls, the Made Ground and clays of the Lowestoft Formation and replace with suitable site won
engineered fill.
Prior to the placement of the founding materials and the floor slab, the sub-formation and
formation are to be inspected and checked by a geotechnical engineer to ensure the ground
conditions are as per the Specification.
The floor slab should be of sufficient thickness and sufficiently reinforced to accept the likely
loading from commercial vehicles parked on it and any other applied loads, without
unacceptable total or differential movement. It is recommended that the slab be designed for a
k of 30MN/m2/m.
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6.6

Roads and Pavements
Based on the test results and their distribution across the site, it is considered likely an
equilibrium CBR of 3.0% will be achievable on the smaller northwestern site, where superficial
deposits are present at approximate formation level and 4.0% achievable elsewhere. These CBR
values can be used for preliminary design, subject to in situ testing during construction. The
chalk strata present at approximate formation level beneath the majority of the main site would
be classed as frost-susceptible and therefore would require a minimum construction thickness of
600mm, irrespective of the determined CBR value and derived construction thickness.
Proof rolling of the formation level will be required and any loose or soft spots should be
removed and replaced with an engineered fill, in accordance with a suitable Specification. The
formation level will also need to be protected during inclement weather from deterioration; all
slopes should be trimmed to falls to shed rain water and the surface sealed to limit infiltration.
Prior to the placement of the founding materials and the construction of the road pavement, the
sub-formation and formation will need to be inspected and checked in accordance with a
suitable specification to ensure the ground conditions are as expected. All testing should be
carried out in accordance with DMRB IAN 73/06 to confirm that the ground conditions at time of
construction are consistent with the previous design parameters.
Where the CBR is found to be less than 2.5%, the sub-grade may be unsuitable for both the
trafficking of site plant and as support for a permanent foundation, without improvement works
being undertaken. Improvement works should be carried out in accordance with DMRB IAN
73/06 Rev 1 Chapter 5. In summary, consideration may be given to the following potential
remedial techniques:

6.7

•

excavation and re-engineering or replacement of weaker soils;

•

the inclusion of geosynthetic reinforcement within the unbound layers of the capping and
sub-grade;

•

where cohesive soils are present and they are deemed suitable for treatment with hydraulic
binders, to employ modification and/or stabilisation techniques on the formation; and

•

where granular soils are present, de-watering and re-engineering the formation.

Soakaways and Drainage
Indicative infiltration rates for the ground investigation are presented in Appendix B and are
summarised in Table 6.1.
Table 6.1: Infiltration Testing Data
Recorded Indicative Infiltration Rate
Stratum

River Terrace
Deposit
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Average (m/s)

1.1 x 10-5 – 2.4 x 10-5

1.8 x 10-5
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Only present in the northwestern corner of
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Note the shallow groundwater table.
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Recorded Indicative Infiltration Rate
Stratum

Comments
Range (m/s)

Average (m/s)

Holywell
Nodular Chalk
Formation

7.4 x 10-6 – 5.8 x 10-4

1.6 x 10-4

Present in central and relatively low lying
western parts

Pit Chalk
Formation

8.3 x 10-6 – 1.1 x 10-4

3.7 x 10-5

Present in the central and relatively
elevated eastern parts

The above data indicate that soakaways may be possible. However, the final location of the
infiltration ponds, SUDS features and building soakaways will dictate actual performance.
Further, fully BRE365 compliant infiltration testing is required at the locations of the various
infiltration features to enable detailed drainage design by a specialist.
The layout and design of any infiltration features will need to be conducted in accordance with
restrictions and requirements emplaced by the Environment Agency and other regulatory
authorities. Consultation by Hydrock with the Environment Agency indicates that development
on the site would be permitted and infiltration drainage authorised subject to their
requirements.
Generally the majority of the site is underlain at shallow depth by the solid geology of the
Holywell Nodular Chalk and Pit Chalk Formations, which are covered by variable thickness of
superficial deposits in the northwestern corner. Chalk is a potentially soluble stratum and over
time preferential water pathways (such as soakaways and discharge points) can lead to the
development of solution features. In order to avoid the potential for such dissolution features
to form within areas of the site that may cause damage to structures and highways it is
recommended that soakaways, SUDS features and infiltration ponds are located at a minimum
distance of 10m from any permanent structures and areas of hardstanding.

6.8

Buried Concrete
Based on guidelines provided in BRE Special Digest 1 (BRE 2005), the soils can be classified as
Design Sulfate Class DS-1 and ACEC Class AC-1 (see Section 4.1.11).
This equates to a Design Chemical Class DC-1 for a 50 year design life (see BS 8500-1:2006 for
details).

6.9

Former Railway Cutting and Embankment
The eastern site boundary, with the exception of the extreme southeastern corner, is formed by
a former railway line with an approximate length of around 1,240m, which sits upon a railway
embankment at the northern and southern ends with the central part comprising an open
cutting.
The central cutting varies from 0.5m to approximately 15.0m deep and during the walkover
survey conducted as a part of the Desk Study and the intrusive investigation, the sides of the
railway were inspected for an indication of geological strata and instability. Where the strata
was exposed, it appeared that the cutting was excavated through a relatively thin topsoil layer,
with some very localised thin (<0.5m) clay and sand soils of the Lowestoft Formation present
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beneath. The remainder of the cutting was excavated down into the Pit Chalk Formation with
structureless (CIRIA Grade Dc) and structured (CIRIA Grade C3) chalk observed. Small diameter
window sample boreholes drilled within the base of the cutting identified a thin surface covering
of Made Ground underlain by the Pit Chalk Formation. No mass instability of the cutting sides
was noted with only minor block falls from the chalk noted. Several trees were noted to have
fallen and some trees to have slightly distorted growth to the trunks, however this is to be
expected of a relatively deep cutting with an age in the order of 130 years.
The railway embankment at the northern end of the line was estimated to have a height in the
order of 15.0m reducing to 0.5m over a length of around 320m with the bank at the southern
end estimated to be in the order of 4.0m to 5.0m. The southern embankment reduced in height
northwards to 0.5m over a distance of approximately 120m. The sides of the embankment were
visually inspected by an experienced Geotechnical Consultant for signs of mass instability. No
obvious signs or evidence of mass instability of the railway embankment was observed during
the works. However, as with the railway cutting limited areas of minor movement were noted
but are considered in keeping with the age of the features. Small diameter boreholes were
drilled and a single trial pit was excavated into the embankments to determine the materials
used for their construction. Upon visual inspection it appears that the railway embankments
were constructed using the natural chalk strata excavated from the central cutting, placed in
layers, which have become topsoil covered and vegetated over time.
In summary, neither the former railway embankments or cutting are exhibiting any significant
visual signs or evidence of mass instability or soil movement. However, some minor surface
movements were noted but not unexpected within an approximately 130 year old engineered
structure. It is recommended that a management plan be established to control vegetation
growth on the slopes and that the development is stepped back from the edge of the cutting by
the equivalent depth of the cutting.
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7.0

UNCERTAINTIES AND LIMITATIONS

7.1

Site-Specific Comments
Parts of the site were inaccessible at the time of investigation and were not included within the
scope of intrusive works or limitations were placed upon the method of investigation.
The actual locations of the various structures and infrastructure to be constructed on this site
have not been targeted and further investigation and in-situ testing will be required, once the
final layout has been determined.

7.2

General Comments
This report details the findings of work carried out between March and June 2016. The report
has been prepared by Hydrock on the basis of available information obtained during the study
period. Although every reasonable effort has been made to gather all relevant information, all
potential environmental constraints or liabilities associated with the site may not have been
revealed.
The report has been prepared for the exclusive benefit of Smithson Hill and those parties
designated by them for the purpose of providing geotechnical and geo-environmental
recommendations for the site. The report contents should only be used in that context.
Furthermore, new information, changed practices or new legislation may necessitate revised
interpretation of the report after the date of its submission.
Hydrock has used reasonable skill, care and diligence in the design of the investigation of the
site. The inherent variation of ground conditions allows only definition of the actual conditions
at the locations and depths of trial pits and boreholes at the time of the investigation. At
intermediate locations, conditions can only be inferred.
Groundwater findings described are only representative of the dates on which they were made
and levels may vary.
Unless otherwise stated, the recommendations in this report assume that ground levels will
remain as existing. If there is to be any re-profiling (e.g. to create development platforms or for
flood alleviation) then the recommendations may not apply.
Information provided by third parties has been used in good faith and is taken at face value;
however, Hydrock cannot guarantee its accuracy or completeness. It is assumed that previous
reports provided have been assigned to the Client and can be relied upon. Should this not be
the case Hydrock should be informed immediately as additional work may be required.
The work has been carried out in general accordance with recognised best practice. The various
methodologies used are explained in Appendix E. Unless otherwise stated, no assessment has
been made for the presence of radioactive substances or unexploded ordnance. Where the
phrase ‘suitable for use’ is used in this report, it is in keeping with the terminology used in
planning control and does not imply any specific warranty or guarantee offered by Hydrock.
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The chemical analyses reported were scheduled for the purposes of risk assessment with respect
to human health, plant life and controlled waters as discussed in the report. Whilst the results
may be useful in applying the Hazardous Waste Assessment Methodology given in Environment
Agency Technical Guidance WM3, they are not primarily intended for that purpose and
additional analysis may be required should waste classification be required for consideration of
off-site disposal of contaminated soils. Separate analyses will be required to meet the Waste
Acceptance Criteria for specific landfill sites.
Unless otherwise stated, the chemical testing carried out for this report was not scoped to
comply with the requirements of the water supply company and further work may be required.
The preliminary risk assessment process may identify potential risks to site demolition and
redevelopment workers. However, consideration of occupational health and safety issues is
beyond the scope of this report.
Please note that notwithstanding any site observations concerning the presence or otherwise of
archaeological sites, asbestos-containing materials or invasive weeds such as Japanese
knotweed, this report does not constitute a formal survey of these potential hazards.
Any site boundary line depicted on plans does not imply legal ownership of land.
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8.0

RECOMMENDATIONS FOR FURTHER WORK
The following further works will be required:
•

targeted and development specific investigation once the final layout of the Agri-Tech park
is determined;

•

discussions with regulatory bodies regarding the conclusions of this report; and

•

detailed design.
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9.0
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Appendix A

Drawings

Drawings included in this report:
151760-G001 – Site Location Plan
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Appendix B
Ground Investigation Plan, Exploratory Logs and In-Situ Testing Results
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