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EXECUTIVE SUMMARY 
Executive Summary 

Site Address Plot W Kingsway Business Park, James Kerne Avenue, Rochdale, OL16 4PR 
(nearest post code) 

Proposed 
Development 

The proposed development at this stage is likely to comprise either a small 
commercial/light industrial development or residential properties with an 
estimated 78 units predominantly of 3 or 4 bedrooms including gardens, 
landscaping and associated infrastructure. 

Current Site Use 
and Site History 

The site comprised a derelict farm in the north west area (Silverhill Farm) with 
grasslands across the rest of the site.  No significant changes have occurred 
throughout the mapped history of the site. 

Published Ground 
Conditions 

The site is directly underlain by Hummocky (moundy) Glacial Deposits overlying 
bedrock of the Pennine Lower Coal Measures Formation (PLCMF). Both 
geologies are classified as Secondary A Aquifers.   

Site Investigation The ground investigation comprised three cable percussive boreholes to a 
maximum depth of 15.45m bgl with well installations, six dynamic sample 
boreholes with well installations, twenty one trial pits, soil chemical and 
geotechnical laboratory analysis, and six rounds of gas monitoring. 

Ground Conditions 
Encountered 

Ground conditions encountered were consistent with published conditions 
comprising very soft organic Topsoil over predominantly cohesive Hummocky 
Glacial Deposits (a Secondary A Aquifer). Made Ground was encountered 
within six out of twenty-four locations, generally within the north west of the site 
where Silver Hill Farm is located, with thicknesses ranging between 0.5m and 
>1.30m.  The Made Ground was variable in composition but commonly included 
brick and concrete, including some boulders and occasionally plastic and 
wood. 
During subsequent monitoring, groundwater was recorded between 0.59m bgl 
and 4.22m bgl. It is considered that there is not a significant and consistent 
groundwater flow regime at the site. Groundwater is likely to accumulate and 
flow within granular pockets in a variety of directions.  

Geotechnical 
Review 

For residential development, Controlled Modulus Columns (CMCs) may be a 
viable option but may not provide a significant cost saving over driven piles, 
which is likely to present the most economical solution at the site. However, noise 
and vibrational effects on nearby developments associated with their 
installation need to be considered before adopting this solution. In addition, the 
possibility of relic foundations/slabs within the Made Ground cannot be 
discounted, as they have been observed as part of this investigation in the 
Silverhill Farm area.  
A suspended slab would be required in the Silverhill Farm area of the site due to 
NHBC requirements where Made Ground thicknesses exceed 600mm.  Outside 
of this area it is possible that a ground bearing floor slab could be used for 
residential properties for loads of up to 10kPa, with less than 25mm settlement, 
subject to removal of topsoil and construction on a proof rolled granular layer.  
However, the gas protection requirement (to be confirmed) need to be 
considered for the adopted solution.   
For a small commercial / light industrial development, a vibro solution may be a 
viable option following improvement of the surface to facilitate the use of 
shallow spread footings.  Ground improvement and/or reengineering of the near 
surface soils may be viable which would facilitate a ground bearing slab.  
Treatment of the top 2.0m of soils may facilitate a ground bearing slab of up to 
30kPa. Otherwise, a fully suspended slab would be required with loads 
transferred to pile caps.   
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Groundwater is likely to be a seasonal issue with excavations likely to require 
dewatering during late autumn through to spring.  However, this will be highly 
dependent upon precipitation totals in the local areas.  If excavations are 
undertaken during wetter periods then groundwater level control, such as 
dewatering at well points or slit trenches may need to be incorporated.   
Design Sulphate Class DS-3 and ACEC Class AC-3 for soils and groundwater 
should be considered. 

Environmental 
Review 

Six rounds of ground gas monitoring have been completed to date.  The results 
have indicated gas concentrations commensurate with a CS1 / CS2 across the 
majority of the site.  However, significantly elevated carbon dioxide and notably, 
methane concentrations as well as positive flows which are commensurate with 
a CS4 / NHBC Red situation have been recorded in a localised area in the east 
of the site associated with highly organic deposits in the area.   
Asbestos and marginally elevated TPH and PAH have been recorded in the 
Made Ground in the vicinity of the former farm buildings which are indicated to 
represent a risk to human health. If the Made Ground is to remain on site as part 
of the proposed development, a clean capping layer and marker membrane is 
required in garden areas to sever the pathway to future site users.  Alternatively, 
removal of the localised Made Ground from the site would remove the source 
and the requirement for a capping layer/ marker membrane in gardens.  No 
significant risk to controlled waters has been identified. 

Waste 
Classification 

Made Ground around Silverhill Farm may be classified as hazardous for waste 
disposal purposes.  Otherwise, materials are likely to be classified as Non-
Hazardous. 

Recommendations If development is to occur in the vicinity of BH03 and DS202 then the organic 
material should be excavated.  It is recommended that CS2 / Amber 1 gas 
protection is installed across the site. 
A remediation strategy will be required to inform mitigation requirements. 
For a piling solution, a working platform should be designed in accordance with 
BRE470.  A specialist piling/ ground improvement contractor should be consulted 
to further assess the most economical and suitable piling solution. 

This summary should be read in conjunction with BWB’s full report (ref. KPW-BWB-ZZ-XX-RP-GE-
0001_Ph1&2) and reflects an assessment of the site based on information received by BWB at the time 
of production. 
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1. INTRODUCTION 

Instruction 

1.1 BWB Consulting (BWB) was instructed by Wilson Bowden Developments Ltd & David 
Wilson Homes Ltd (the Client) to carry out a Phase 1 and 2 Geo-Environmental 
Assessment for the site at Plot W Kingsway Business Park, Rochdale. Details of the project 
brief are included in BWB proposal reference 190805/01/01/NTE2554/KES/RTR. 

1.2 The proposed development at this stage is likely to comprise either a small 
commercial/light industrial development or residential properties with an estimated 78 
units predominantly of 3 and 4 bedrooms including gardens, landscaping and 
associated infrastructure.  Current development plans are included as Appendix 1. 

Objectives 

1.3 This report has been completed to present pertinent information into the environmental 
risks and liabilities associated with the site. It has been completed to fulfil the 
requirements of a preliminary risk assessment in accordance with BS 10175:2011+A2:2017 
‘Investigation of potentially contaminated sites, code of practice’ and CLR11 ‘Model 
Procedures for the Management of Land Contamination’.  

1.4 The report has also been prepared with reference to land contamination technical 
guidance available through https://www.gov.uk/government/collections/land-
contamination-technical-guidance. 

1.5 The objectives of the desk study elements of the report are to: 

 Assess historical activities at the site with respect to their potential impact on the site 
environment; 

 Characterise the environmental setting of the site, identify migration pathways and 
vulnerable receptors for contamination originating at the site, focusing on potential 
soil and groundwater liabilities; 

 Assess historical and current surrounding land use in relation to known or potential 
off-site contamination issues that may impact the site; and 

 Develop a preliminary Conceptual Site Model (CSM). 

1.6 The objectives of the phase 2 ground investigation sections of the report are to: 

 Assess the prevailing ground and groundwater conditions across the site; 

 Assess the potential presence and extent of contamination in shallow soil and 
groundwater beneath the site; 

 Asses the significance and magnitude of the observed contamination through 
comparison of analytical data to appropriate published assessment criteria; 

 Assess the strength properties of the soil beneath the site to enable foundation 
assessment;  

 Assess the ground gas regime beneath the site; and 
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 Update the preliminary Conceptual Site Model. 

Scope of Work 

1.7 The Desk Study Scope of Work included: 

 Site walkover (photographs presented as Appendix 2); 

 A review of the following information: 

o Groundsure report, reference HMD-214-6443776 and HMD-214-6443777 
(Appendix 3); 

o Historical Ordnance Survey Mapping (Appendix 4); 

o Historical aerial photographs (Google Earth) and other imagery; 

o British Geological Survey (BGS) 1:50 000 Scale, ‘Manchester’, Sheet 85, 
Bedrock and Superficial, (2011); 

o BGS online geological maps and exploratory hole records (www.bgs.ac.uk); 

o MAGIC website (www.natureonthemap.naturalengland.org.uk/magicmap); 

o Coal Authority Interactive Map Viewer 
(http://mapapps2.bgs.ac.uk/coalauthority/home.html); 

o Coal Authority Consultants Coal Mining Report, reference HMD-214-6443779 
(Appendix 5); and 

o Regional unexploded bomb risk maps. 

 Production of a Geo-Environmental Assessment (this report), concluding in a 
qualitative assessment of the risks from contamination and ground-related 
constraints which may impact on the site. 

1.8 The intrusive ground investigation was completed between 2nd and 10th October 2019 
and comprised the following scope of work: 

 Non-intrusive survey of excavation locations for underground utilities; 

 Survey of coordinates and levels for each excavation location; 

 Three cable percussive boreholes; 

 Twenty one machine excavated trial pits; 

 Chemical analysis of soils; 

 Geotechnical testing of soil; 

 Six post-investigation ground gas and groundwater monitoring visits; and 

 Preparation of this report. 
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2. THE SITE

Site Location

2.1 The site is located at Plot W Kingsway Business Park, in Rochdale, centred at National 
Grid Reference 391216,411245. The approximate location of the site is shown below in 
Figure 2-1.

Figure 2-1: Site Location Plan

Site Description

2.2 The site comprises an area of approximately 2.26 hectares largely comprising boggy 
grassland with the derelict Silverhill Farm located in the north east of the site.  The 

2.3 The current layout of the site is shown on Drawing 1. Photographs from the walkover are 
presented in Appendix 2.

2.4 The grassland covered approximately 80% of the site and are separated into two areas 
by a small fence line.  The site boundary is formed by hedge lines.  Silverhill Farm is 
present in the north western area of the site and comprises several small derelict stone 
farm structures.  The buildings were sealed with boarding and were not access during 
the walkover.

Site
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Site Surroundings 

2.5 The surrounding land uses at the time of the walkover survey are summarised in 
Table 2-1. 

Table 2-1: Surrounding Land Use 
Surrounding Land Use 

North Grassland associated with Plot J on Kingsway Business Park. 

East Large Asda distribution facility. 

South Residential Properties. 

West Residential Properties 

2.6 An aerial photograph representative of the site and surroundings, dated 26th March 
2012, is presented below as Figure 2-2.  

Figure 2-2: Aerial Photograph 
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3. ANTICIPATED GROUND CONDITIONS 

3.1 The anticipated ground conditions for the site and controlled waters vulnerability is 
discussed within Table 3-1. 

Table 3-1: Summary of Anticipated Ground Conditions 
Anticipated Ground Conditions 

Geology 

Information published by the BGS indicates that the site is directly underlain by 
Hummocky (moundy) Glacial Deposits, Devensian - Diamicton. Bedrock 
geology beneath the glacial deposits is indicated to comprise Pennine Lower 
Coal Measures Formation (PLCMF) - mudstone, siltstone and sandstone. 
The BGS Lexicon database describes the PLCMF bedrock as Interbedded grey 
mudstone, siltstone and pale grey sandstone, commonly with mudstones 
containing marine fossils in the lower part, and more numerous and thicker 
coal seams in the upper part. 

Hydrogeology 

The Environment Agency (EA) classifies the Hummocky Glacial Formation and 
the PLCMF bedrock as a Secondary A Aquifers. These are permeable layers 
capable of supporting water supplies at a local rather than strategic scale, 
and in some cases forming an important source of base flow to rivers.  
There are seven groundwater abstraction licenses listed within 500m with the 
closest listed approximately 220m north east.  All entries are historical entries 
related to farming uses. 
There are no discharge consents to groundwater indicated in close proximity 
to the site. 
The site is not indicated to be within, or within close proximity to, an EA 
groundwater Source Protection Zone.  

Surface Waters 

Unnamed tributaries are listed approximately 40m north of the site flowing in a 
northerly direction. 
There are no surface water discharge consents within 1km of the site. 
The site is not in an EA flood risk area. 

Ground Gas & 
Radon 

The property is not in a Radon Affected Area, as less than 1% of properties are 
above the Action Level.  
Shallow organic deposits within glacial deposits and potential Made Ground 
associated with the farm both represent potential sources of ground gas. 

Mining and 
Mineral 
Extraction 

The site is located within a Coal Authority reporting area.  A Coal Authority 
Consultants Mining Report has been obtained for the site (Appendix 5) and 
indicates that no recorded mining has been undertaken beneath the site and 
there are no significant mining features, including mine entries, within close 
proximity to the site. 

Environmental 
Sensitivity 

There are no environmentally sensitive sites listed within close proximity to the 
site. 

Unexploded 
Ordnance Low risk; no further action required. 
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4. SITE HISTORY 

4.1 Historical Ordnance Survey (OS) mapping for the site area has been reviewed. These 
maps and plans date from 1851 to 2019. The historical plans reviewed are provided in 
Appendix 4. The key points of the historical development of the site and surrounding 
area are summarised below. All distances quoted are approximate. 

On Site 

4.2 Silver Hill Farm is present on site in the north western area from 1851 mapping, with the 
rest of the site apparently utilised for agricultural purposes. The farm gradually expands 
over time with some small additional buildings present. Electricity pylons cross the south 
eastern corner of the site from 1955 plans up until the 1992 plans. No further significant 
changes to the site were noted. 

Off Site 

4.3 The surrounding land uses are predominantly agricultural on the earliest plans with a 
Wheelwright Works present immediately west of site on the 1891 plan. Several small 
drains and watercourses are present along the surrounding field boundaries. 

4.4 1994 plans indicated that a residential development is mapped 100m west of site, a 
tank (probably water storage) is present immediately north of Silver Hill Farm, and a 
Works is mapped 20m west. By 2003, residential premises are present immediately north 
west, west and south of the site. The 2019 plans indicated two large industrial style 
buildings 200m east and south east. 
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5. REGULATORY SETTING 

Permits Consents and Authorisations 

5.1 A full listing of permits, consents and authorisations including discharge consents, 
pollution incidences and other environmental information, is included in the Groundsure 
report, presented in Appendix 3. 

5.2 No significant features have been identified which are considered likely to have had a 
detrimental impact on the site. 

Landfilling and Waste Management 

5.3 A full listing of EA, BGS and Local Authority recorded landfills are provided in the 
Groundsure report presented in Appendix 3.  

5.4 No significant facilities have been identified which are considered likely to have had a 
detrimental impact on the site. 

 



 
 

Page | 8 
 

Plot W Kingsway Business Park, Rochdale 
Phase 1 and 2 Geo-Environmental Assessment  
December 2019 
KPW-BWB-ZZ-XX-RP-GE-0001_Ph1&2 

6. PRELIMINARY ENVIRONMENTAL RISK ASSESSMENT 

Introduction 

6.1 The risk posed by any contaminants in soil or groundwater will depend on the nature of 
the hazard, the probability of exposure, the pathway by which exposure occurs, and 
the likely effects on the receptors. A contaminant is defined as a substance that has the 
potential to cause harm, while a risk is considered to exist if such a substance is present 
in sufficient concentration to cause harm and a pathway exists for a receptor to be 
exposed to the substance. 

6.2 Three impact potentials exist for any given site, all of which need to be considered in a 
risk assessment, which are: 

 The site impacting upon itself; 

 The site impacting on its surroundings; and 

 The surroundings impacting on the site. 

6.3 The following sections discuss all the identified potential on and off-site sources, 
pathways and receptors in the context of the proposed development and plausible 
pollutant linkages which may represent a risk to identified receptors such as human 
health and/or controlled waters from the data gained from the desk study. 

6.4 The assessment is qualitative and aimed to determine all likely pollutant linkages, with 
consideration of significance and allowing for uncertainties. 

6.5 Sources (S): These are potential or known sources of contamination that may relate to 
a former land use or present site feature or process (e.g. fuel storage tanks). 

6.6 Pathways (P): A pathway is defined as a mechanism or route by which a contaminant 
comes into contact with, or otherwise affects a receptor. Pathways by which the 
identified receptors may be impacted upon in the context of the proposed 
development. 

6.7 Receptors (R): Receptors are defined as people, living organisms, ecological systems, 
controlled waters, atmosphere, structures and utilities that could be adversely affected 
by contaminant(s). 

Conceptual Site Model 

6.8 Consideration has been given to the likely sources, pathways and receptors which may 
be present, based on the information in the previous sections. These are presented in 
Table 6-1 and Table 6-2 and further information about the risk classification scheme is 
included within Appendix 6, with reference to CIRIA C552 ‘Contaminated land risk 
assessment - a guide to good practice’. 

6.9 A tabulated version of the Preliminary CSM based on the desk study and site 
observations is presented in Table 6-3. 
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Table 6-1: Potential Sources of Contamination 
Location Potential Source Contaminants of Potential Concern (CoPC) 

On-site 

MADE GROUND associated 
with the former Silverhill Farm.  

 Heavy metals 
 Inorganics, such as cyanides, sulphates and 

nitrates 
 pH 
 Asbestos Containing Materials (ACMs) 
 Volatile organic compounds (VOCs) 
 Petroleum hydrocarbons 
 Methane, carbon dioxide 

FARM MACHINERY associated 
with Silverhill Farm  Fuel hydrocarbons 

Off-site Contamination associated 
with neighbouring works 

 Heavy metals 
 Inorganics, such as cyanides, sulphates and 

nitrates 
 Petroleum hydrocarbons 
 Methane, carbon dioxide 

 

Table 6-2: Relevant Potential Pathways and Receptors 
Receptors Pathways 

Human Health:  
 Future site users (residential) 
 Neighbouring public 

(residential) 
 Intrusive maintenance workers 

 Dermal contact with soil or dust 
 Incidental ingestion of soil and/or dust 
 Inhalation of dust and/or fibres 
 Ingestion of contaminated vegetables and/or soil 

attached to vegetables 
 Migration and accumulation of ground gas in 

enclosed spaces leading to inhalation or explosion 
Controlled Waters: 

 Groundwater (Secondary A 
Aquifer) 

 Unnamed tributaries 

 Leaching of soil contaminants 
 Vertical and lateral migration 

Property:  
 Underground utilities 
 Building structures 

 Direct Contact 
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Table 6-3: Preliminary Conceptual Site Model 
Source Pathway Receptor Con Prob Risk 

O
n-

sit
e 

so
ur

ce
s a

s d
et

ai
le

d
 in

 Ta
bl

e 
6-

1.
 Dermal contact with, and incidental ingestion of soil 

and/or dust. 
Inhalation of dust and/or fibres. 

Future site users (residential) Md Ul L 

Intrusive maintenance workers Md Ul L 

Ingestion of contaminated vegetables and/or soil 
attached to vegetables. Future site users (residential) Md Ul L 

Migration and accumulation of ground gases in enclosed 
spaces leading to asphyxiation (carbon dioxide) or 
explosion (methane). 

Future site users (residential) Md Lw M/L 

Leaching and permeation through soil profile. Groundwater: Underlying Secondary A 
Aquifer 

Md Ul L 

Vertical and lateral migration of contaminants. Md Ul L 

Lateral migration of contaminated groundwater. Unnamed Tributaries Mi Ul VL 

Direct contact. 
Water utility pipes Md Ul L 

Buried structures/ foundations. Md Lw M/L 

O
ff-
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7. GROUND INVESTIGATION WORKS 

Scope of Investigation 

7.1 Intrusive ground investigation works were undertaken between 2nd and 10th October 
2019.  

7.2 The site investigation works were carried out in general accordance with BS 5930:2015 
‘Code of Practice for Ground Investigations’ and BS 10175:2011+A2:2017 ‘Investigation 
of Potentially Contaminated Sites Code of Practice’. 

7.3 The site works comprised the following works: 

 Clearance of investigation locations by a specialist buried services tracing 
company; 

 Collection of coordinates and elevations of exploratory hole locations; 

 Three cable percussive boreholes (BH01 to BH03) to a maximum depth of 15.45m bgl 
with in-situ testing and installation of gas and groundwater monitoring wells; 

 Twenty one machine excavated trial pits (TP01 to TP20 and TP16B) to a maximum 
depth of 4.0m bgl (TP01, TP08, TP14 and TP17); 

 Collection of representative soil samples for environmental analysis at a UKAS and 
MCERTS accredited laboratory; 

 Collection of undisturbed and disturbed soil samples for geotechnical analysis at a 
UKAS accredited laboratory; 

 Undertaking Hand Shear Vane (HSV) testing in suitable cohesive soils; 

 A return visit on 11th November 2019 to drill and install Six dynamic sampling and 
hand excavated boreholes to a maximum depth of 3.0m bgl; 

 Six post-investigation gas and groundwater level monitoring visits. 

7.4 An exploratory hole location plan is presented as Drawing 1. Engineering logs are 
presented as Appendix 7. The standard penetration testing (SPT) hammer calibration 
certificates and driller’s logs are presented in Appendix 8. The post-investigation gas and 
groundwater monitoring data is presented as Appendix 9. 

Exploratory Hole Location Rationale 

7.5 The exploratory hole locations were chosen based on the findings of the Phase 1 
Geo-environmental Assessment, as summarised in Table 7:1. 

Table 7-1: Exploratory Hole Location Rationale 
Location Reason 

BH01 and TP01 to 
TP05 Targeting potential contamination associated with Silver Hill Farm 

DS201 to DS206 Ground gas impact delineation. 

BH02, BH03, TP06 to 
TP20, and TP16B Site coverage 
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In-situ Testing 

Strength Testing 

7.6 In-situ soil strength testing comprising SPTs were undertaken in the cable percussive 
boreholes. SPT ‘N’ values are included on the exploratory hole logs (Appendix 7). 

7.7 HSV tests were undertaken within trial pits where cohesive soils were encountered. The 
results of these tests are included on the exploratory hole logs (Appendix 7). 

Chemical Testing 

7.8 Chemical analysis was scheduled primarily targeting the Made Ground in the Silver Hill 
Farm area of the site but also providing site wide background concentrations in natural 
deposits.  The soil samples collected for environmental purposes were sent to i2 
Analytical Ltd (UKAS and MCERTS accredited) for chemical analysis.  The soil analysis 
undertaken was as follows: 

 Eight BWB Standard Suite: arsenic, barium, beryllium, water soluble boron, cadmium, 
chromium, hexavalent chromium, copper, lead, mercury, nickel, selenium, 
vanadium, zinc, water soluble sulphate (2:1 extract), total phenols, total cyanide, 
free cyanide, complex cyanide, fraction of organic carbon, pH, Polycyclic Aromatic 
Hydrocarbons (PAHs) (United States Environmental Protection Agency priority 16 
compounds) and Total Petroleum Hydrocarbons (TPH) C6-C10 and C10-C40; 

 Three TPH Criteria Working Group (TPHCWG) aliphatic and aromatic fractions; 

 Three BTEX;  

 Eight samples for Organic Matter; and 

 Six asbestos screening with one quantification. 

7.9 The results of the soil chemical testing are presented as Appendix 10. 

Geotechnical Testing 

7.10 The following geotechnical testing was undertaken on representative undisturbed and 
disturbed samples: 

 Twenty five samples tested for moisture content; 

 Eleven samples tested for Atterberg (liquid and plastic) limits; 

 Four samples tested for particle density; 

 Eight samples tested for particle size distribution by wet sieve; 

 Four samples tested for sedimentation by pipette; 

 Three samples for single stage triaxial testing; 

 Two samples for one-dimensional (oedometer) consolidation testing; 

 Five samples tested for 2.5kg compaction testing; 

 Eleven samples tested for aqueous sulphate and pH; and 
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 Eight samples tested for organic matter content. 

7.11 The results of the geotechnical testing are included as Appendix 11. 

Limitations and Uncertainty 

7.12 Several trial pits were terminated early due to water ingress resulting in unstable and 
collapsing trial pit walls. 

7.13 Due to very soft and wet ground conditions by the return site investigation, it was only 
possible to install monitoring wells at DS204, DS205 and DS206 using hand tools. 
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8. GROUND CONDITIONS ENCOUNTERED 

Geological Summary 

8.1 Ground conditions at the site generally confirmed the expected geology, comprising 
Topsoil or Made Ground over superficial deposits of Hummocky Glacial Deposits.  

8.2 The recorded ground conditions are summarised in Table 8-1 and uncorrected SPT 
results collected from the borehole locations are presented on the exploratory hole 
records presented in Appendix 7. 

Table 8-1: Summary of Ground Conditions 

Stratum 
Top Depth 

(m) 
Base Depth 

(m) Thickness (m) SPT N Value 

Min Max Min Max Min Max Min Max 

Topsoil 0.0 0.0 0.1 0.9 0.1 0.9 NR NR 

Reworked Natural  0.0 0.0 0.2 0.4 0.2 0.4 NR NR 

Made Ground 0.0 0.2 0.5 >1.4 0.5 >1.3 NR NR 

Hummocky Glacial 
Deposits 0.3 1.4 >15.45 >15.05 0 >50 

Geological Descriptions 

Topsoil 

8.3 Topsoil was encountered within 14 out of the 24 exploratory holes, being present on the 
whole site except for the Silverhill Farm area in the north; thicknesses ranged between 
0.1m and 0.9m. Both granular and cohesive compositions of Topsoil were identified on 
the site. 

8.4 Granular deposits of Topsoil were identified within 3 out of the 14 locations, found within 
the north western area of the site and generally described as a dark brown slightly 
clayey slightly gravelly fine to coarse sand with abundant rootlets. The gravels were 
angular to sub rounded fine to coarse sandstone. 

8.5 Cohesive deposits of Topsoil were identified within 17 out of the 20 locations across the 
rest of the site generally described as a soft dark brown slightly gravelly or silty sandy 
clay with abundant roots and rootlets. The sand was fine to coarse and the gravels were 
angular to sub rounded fine to coarse sandstone, quartzite, mudstone and coal. 

8.6 The depth of topsoil over the site may vary from that encountered at the locations 
investigated within the scope of this investigation which may result in inaccurate 
estimations of topsoil quantities on the site.  

Reworked Natural 

8.7 Reworked Topsoil was identified within 6 out of the 24 exploratory hole locations, with 
thicknesses ranging between 0.2m and 0.4m. The reworked ground was generally 
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located within the south and southeast of the site, with one location found in the north. 
The composition of the reworked natural ground showed consistency, generally being 
described as a soft dark brown slightly gravelly sandy clay with abundant roots and 
rootlets; three locations contained a low cobble content. The sand was fine to coarse 
and the gravel was angular to sub rounded fine to coarse sandstone, quartzite, brick, 
coal and pottery. Cobbles were angular and subangular sandstone and brick. 

Made Ground 

8.8 Made Ground was encountered within 6 out of 24 locations, generally within the north 
of the site where Silver Hill Farm is located, with thicknesses ranging between 0.5m and 
>1.30m.  

8.9 One location (TP03) identified concrete at a thickness of 0.1m within Silver Hill Farm. Four 
locations identified a cohesive composition of Made Ground generally described as a 
very soft to firm dark brown or light brown mottled orange and grey or multicoloured 
sandy gravelly clay. The sand was fine to coarse and the gravel was angular to sub 
rounded fine to coarse brick, ash, concrete, sandstone, pottery and coal. Three of these 
locations identified a low cobble content where the cobbles were generally described 
as angular and subangular sandstone, concrete and brick. 

8.10 Four of the locations identified a granular composition of Made Ground with two 
locations being described as a brown slightly clayey gravelly fine to coarse sand, one 
location being described as dark brown slightly gravelly cobbles and one location 
being described as a dark brown slightly clayey sandy gravel. All locations had cobbles 
present, generally described as angular and subangular sandstone, brick and concrete. 
Sand was fine to coarse and gravels were generally described as angular to sub 
rounded fine to coarse brick, sandstone, coal, concrete, wood and plastic.  Relic sub 
floor structures are potentially present in the Silverhill Farm area of the site.  At TP102, 
what appeared to be a filled subfloor structured was encountered but the location had 
to be backfilled before completion due to collapse and water inundation. 

Hummocky (Moundy) Glacial Deposits 

8.11 Hummocky (Moundy) Glacial Deposits were identified underlying Made Ground in all 
locations where the extent of the Made Ground was proven, with thicknesses being 
unproven. The Glacial deposits were identified as predominantly cohesive, with granular 
strata recorded in eleven of the investigation locations. 

8.12 Four locations identified the superficial deposits as a very soft pinkish/greyish/orangish 
brown sandy gravelly silt and twenty two locations were described as a very soft to stiff 
light/dark/orangish/greying/reddish brown sandy gravelly, sometimes silty, clay. Sand 
was fine to coarse and gravel was angular to sub rounded fie to coarse coal, siltstone 
and mudstone. 

8.13 Nine locations generally described the granular compositions of the Hummocky 
(Moundy) Glacial Deposits as a very loose to very dense orangish brown clayey or silty 
gravelly fine to coarse sand with gravels being described as angular to sub rounded 
fine to coarse mudstone, coal and sandstone. Two locations identified the superficial 
deposits as very loose to dense orangish brown sand and gravel with occasional silt and 
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clay bands. Two further locations were described as greyish and orangish brown slightly 
clayey sandy gravel of angular to sub rounded fine to coarse mudstone and sandstone 
with a low cobble content; cobbles were angular and subangular sandstone. 

Groundwater Strikes 

8.14 Groundwater was encountered across the site mainly in the Hummocky Glacial 
Deposits, as summarised in Table 8-2.  

Table 8-2: Summary of Groundwater Strikes 

Stratum Number of Strikes 
Depth Groundwater 
Encountered (m bgl) 

Min Max 

Topsoil 2 0.2 0.3 

Made Ground 3 0.4 1.2 

Hummocky Glacial Deposits 21 0.5 3.2 

8.15 During subsequent monitoring, groundwater was recorded between 0.59m bgl and 
4.22m bgl. Groundwater elevation was reported between 153.93m AOD (BH03) and 
157.82m AOD (BH02) with marginal changes noted at BH01 and BH02, and greater 
fluctuations at BH03. 

8.16 Based on the observed geology, variable groundwater strike depths, and variable 
resting groundwater levels observed during the monitoring, it is considered that the 
there is not a significant and consistent groundwater flow regime at the site. 
Groundwater is likely to accumulate and flow within granular pockets in a variety of 
directions. 

Contamination Observations 

8.17 Contamination observations made during the ground investigation are summarised in 
Table 8-3.  

Table 8-3: Summary of Contamination Observations 

Location Depth 
(m bgl) Observations PID Concentration 

(ppm) 

TP01 0.4-0.5 Black staining on northern face of trial pit.  1.3 

TP02 0.4 Manure odour noted in groundwater  0.3 

TP03 0.5 Black staining on northern face of trial pit. 1.2 

In Situ Testing 

Standard Penetration Testing 

8.18 A plot of corrected SPT ‘N60’ Value Vs Depth is presented as Figure 8-1. 
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Figure 8-1: Corrected SPT ‘N’ Value (N60) Versus Depth 

 

Hand Shear Vane Tests 

8.19 Where suitable cohesive deposits were encountered hand shear vane tests were 
undertaken. The tests comprised three tests with the average taken as the peak results 
and presented as Figure 8-2. The HSV results obtained at trial pits are presented on the 
exploratory hole records presented in Appendix 7. 

Figure 8-2: Hand Shear Vane Test Results Versus Depth 
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9. GEOTECHNICAL ASSESSMENT 

Introduction 

9.1 The proposed development is anticipated to involve the development of currently 
vacant land for a residential end use with approximately 78 units being proposed.  
Highways infrastructure and vehicle parking is also being proposed.  At the time of 
writing, no specific design loads were available. However, based on the proposed 
development, it is envisaged that houses would have line-loads of no more than circa 
80kPa and slab loadings of no more than circa 10kPa.  

9.2 The alternative development option may be a commercial end use of small trade 
counters or similar, again, no design loads are currently available, though for the 
purpose of this assessment, column loads are considered to be potentially up to 125KPa 
with slab loads of up to 35kPa. 

9.3 Highly variable thicknesses of soft and likely compressible topsoil and subsoil have been 
recorded at the site with thicknesses varying between 0.25m (location BH01) and 1.0m 
(location BH02).  Made Ground of in excess of 1.4m thick, including sub floor structures, 
has been recorded in the Silverhill Farm area of the site.   

9.4 Neither untreated Topsoil or Made Ground is considered a suitable founding stratum for 
either pavements, floor slabs or foundations due to the potential for excessive 
differential and/or total settlement. Consequently, it is proposed that these materials are 
either excavated and replaced with a suitable imported granular material and/or 
treated to a suitable engineering standard where applicable.  

9.5 Geotechnical results are included as Appendix 11. 

Ground Model 

9.6 For the purpose of foundation appraisal, groundwater is considered to be at 0.6m bgl.  
Historical data and BWB’s experience of the local area indicates that the groundwater 
flow is very seasonal and is expected to flow in granular layers at shallow depth during 
winter months. 

9.7 Based on the ground conditions discussed in Section 8 a geotechnical ground model, 
indicating various geotechnical parameters, has been developed.  This model provides 
the basis for geotechnical analysis undertaken within this report.  There is principally one 
geological stratum at the site beneath the Topsoil, sub soil and any Made Ground, the 
Hummocky Glacial Deposits, which can be sub divided into two types; cohesive layers 
and granular layers; present in multiple inconsistent layers but generally becoming more 
granular with depth.   

9.8 Shear strength (Cu) values for the cohesive Hummocky Glacial Deposits at the site have 
been obtained on site using a hand shear vane, from triaxial laboratory test data on 
undisturbed soil samples and by converting SPT N300 values based on a Plasticity Index 
of 14 and relationship between shear strength and N300 values (Stroud (1975)).  The shear 
strength values have been plotted and are indicated on Figure 9-1.  The hand shear 
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vane results indicate some slightly higher shear strengths in the top 4.0m.  However, 
based on site observations, these materials were very inconsistent and often pockets 
mixed within softer materials.  These higher results are therefore not considered reliable 
particularly as SPTs and triaxial results correlate more closely with the lower hand shear 
vane results.  Shear strength are therefore indicated to be circa 20kPa increasing to 
35kPa in the top 5.0m.

Figure 9-1: Derived Shear Strength Values

9.9 The plasticity index adopted is based on the Plasticity index laboratory testing 
undertaken.  The results indicated low plasticity clays with low volume change potential 
as indicated in Figure 9-2 below.
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Figure 9-2: Plasticity Index Chart

Foundation Solutions

9.10 Due to the low strength of the shallow deposits and locally organic nature, a
conventional shallow spread or trench fill solution is not considered to be a viable 
foundation solution. 

9.11 Buried obstructions may be present in the Silverhill Farm area and will need to be 
removed before the following solutions are implemented.

Ground Improvement Techniques

9.12 For residential development, a vibro ground improvement option, such as stone 
columns, is unlikely to be suitable.  Controlled Modulus Columns (CMCs) may be a viable 
option but may not provide a significant cost saving over driven piles a specialist ground 
improvement contractor should be consulted to further investigate this option.

9.13 For a small commercial / light industrial development, a vibro solution may be a viable 
option following improvement of the surface (see Section 9.32 to 9.36) although the 
shear strength of the ground as at the lowest end of the scale that may be considered 
suitable to treat with this method.  Consultation with a specialist ground improvement 
contractor should be undertaken to assess whether this is a viable option.

Piles

9.14 For a residential end use, a piled solution is likely to present the most economical solution 
at the site and provides an alternative solution for commercial development if vibro 
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stone columns aren’t feasible; driven piles potentially provide the cheapest piled 
solution. However, noise and vibrational effects on nearby developments associated 
with their installation need to be considered before adopting this solution. In addition, 
the possibility of relic foundations/slabs within the Made Ground cannot be discounted, 
as they have been observed as part of this investigation in the Silverhill Farm area.  

9.15 Should the environmental issues of noise and vibration preclude the use of driven piles, 
consideration could be given to the use of continuous flight auger (CFA) piles. Early 
consultation with a suitably experienced CFA piling contractor should be sought to 
determine the viability of this technique. One disadvantage of CFA piling is that spoil is 
brought to the surface, which would require off-site disposal, if it cannot be reused 
elsewhere on site.  

9.16 Cable percussion boreholes were advanced to a maximum depth of 15.45m bgl. As 
such, depending on the proposed working loads and proposed pile length, it may be 
necessary to undertake additional intrusive works to confirm the competency of the soils 
beneath the toe of the piles, should piles be required to be extended below 10.00m bgl 
in accordance with guidance set out in Federation of Piling Specialists (FPS) and 
Eurocode 7. 

9.17 A piled foundation solution would be potentially viable subject to the following: 

 Soils generated from pile installation should be assessed in line with appropriate Duty 
of Care legislation and undergo waste classification prior to disposal; 

 A fully warranted site specific pile design should be undertaken by a specialised 
piling contractor, once loadings are confirmed; and 

 A working platform designed in accordance with BRE470. 

9.18 A specialist piling contractor should be consulted to further assess the most economical 
and suitable piling solution. 

Floor Slabs 

Residential 

9.19 A suspended slab would be required in the Silverhill Farm area of the site due to NHBC 
requirements where Made Ground thicknesses exceed 600mm.  Outside of this area it is 
possible that a ground bearing floor slab could be used for residential properties for 
loads of up to 10kPa, with less than 25mm settlement, subject to removal of topsoil and 
construction on a proof rolled granular layer.  However, it is anticipated that gas 
protection will be required, for which further assessment is being undertaken to confirm 
requirements.  A suspended slab, such as beam and block, may therefore be a more 
pragmatic solution. 

Commercial 

9.20 Ground improvement and/or reengineering of the near surface soils may be viable 
which would facilitate a ground bearing slab. Otherwise, a fully suspended slab would 
be required with loads transferred to pile caps.  However, the solution will need to 
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consider the gas protection requirements which are still under assessment / 
consideration. 

Roads and Pavements 

9.21 Although no specific near surface testing has been undertaken to inform pavement 
design, the ground investigation data has confirmed that the shallow deposits are highly 
variable and often very soft which would suggest very low corresponding CBR values 
(<3%).  Much of the soft organic shallow topsoil and subsoil deposits will need to be 
removed and replaced with imported granular fill to accommodate development at 
the site.  Additional CBR Testing will be required following the soil strip to assess the CBR 
values and identify whether liming will be required to improve the surface to 
accommodate pavements. 

Drainage 

9.22 No soakaway drainage testing has been undertaken at the site.  However, the site is 
anticipated to be affected by seasonal shallow groundwater and so a soakaway 
drainage solution is unlikely to be a viable option.  Instead an attenuated (tank/pond) 
solution or a positive drainage solution should be considered instead. 

Excavations 

Ease of Excavation 

9.23 Conventional plant is expected to be suitable for excavations at the site although a 
breaker will be required to removed obstructions within the Silverhill Farm area. 

Stability of Excavation 

9.24 Excavations displayed generally average to poor stability during the site investigation 
once granular horizons were encountered with running sands a potential issues that will 
need to be considered during development.  The issues will be significantly reduced if 
works are undertaken during dryer periods such as summer months.  The use of 
temporary support, such as trench boxes may need to be considered. 

9.25 Excavation may also become unstable if left open for any significant periods. Where 
personnel entry is required for inspection; excavations should be sufficiently enlarged 
and an assessment of safe temporary angles should be made. Alternatively, temporary 
shoring should be provided.  

Legislation on Personnel Entry to Excavations 

9.26 It is recommended that no excavations should be entered without appropriate support 
and a full risk assessment should be completed prior to entry. Mitigation measures to 
protect from accumulating ground gases should be implemented. 
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Groundwater 

9.27 Groundwater is likely to be a seasonal issue at the site with excavations likely to require 
dewatering during late autumn through to spring.  However, this be highly dependent 
upon precipitation totals in the local areas.   

9.28 If development, and particularly excavations are undertaken during wetter periods then 
groundwater level control, such as dewatering at well points or slit trenches may need 
to be incorporated.   

9.29 Standard pumping equipment is likely to be suitable for the above although may need 
to be run for long periods of time.  The local water board should be consulted to assess 
whether a temporary discharge consent is required if discharging to the local drainage 
network is considered.  The groundwater should be desilted prior to discharge but 
contamination of the groundwater is not considered to be an issue. 

Buried Obstructions 

9.30 Buried concrete obstructions are likely to be encountered in the Silverhill Farm area of 
the site. Any excavations to remove obstructions that are taken below the formation 
level should be backfilled with engineered fill. 

Chemical Attack on Buried Concrete 

9.31 Water soluble sulphate concentrations in soils varied from 11 mg/l to 2200 mg/l with soil 
pH values ranging from 6.5 to 8.6.  Total sulphur concentration ranged from 0.00018% to 
0.0047%.  No groundwater testing has been undertaken.   

9.32 In accordance with the recommendations of BRE Special Digest 1, ‘Concrete in 
Aggressive Ground’ 2005, the conditions of the soils at the site would therefore be 
classified as Design Sulphate Class DS-3 and ACEC Class AC-3 for soils and groundwater, 
when considering the most appropriate type of concrete to be used at the site in order 
to resist chemical attack from elevated sulphate present in the soils (assuming mobile 
groundwater in non-pyritic soils).  

Earthworks 

9.33 Due to the very soft to soft cohesive nature of the sub surface an earthworks exercise 
will be required to prepare the surface for the machinery required to install foundations.  
Based on the materials encountered, the materials are likely to be variable as indicated 
by the Particle Size Results summarised in Table 9-1 below. 

Table 9-1: Particle Size Distribution Results Summary 

Location Depth Geology Cobble 
Content 

Gravel 
Content 

Sand 
Content 

Silt/Clay 
Content 

Series 600 
Earthworks Class 

(Table 6/2) 

BH01 12.5 
Hummocky 
Glacial 
Deposits 

0 0.6 49.6 49.8 2A&2B 
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Location Depth Geology Cobble 
Content 

Gravel 
Content 

Sand 
Content 

Silt/Clay 
Content 

Series 600 
Earthworks Class 

(Table 6/2) 

BH02 10.5 
Hummocky 
Glacial 
Deposits 

0 5.3 63.6 31.2 2A&2B 

BH02 14 
Hummocky 
Glacial 
Deposits 

0 1.7 85.9 12.4 1A 

BH03 3.9 
Hummocky 
Glacial 
Deposits 

0 55.6 30.9 13.5 1A 

BH03 9 
Hummocky 
Glacial 
Deposits 

0 0.8 89.4 9.8 1A 

TP03 0.6 
Hummocky 
Glacial 
Deposits 

0 14.2 52 33.8 2A&2B 

TP07 2.2 
Hummocky 
Glacial 
Deposits 

0 20.9 66.8 12.3 1A 

TP20 1.9 
Hummocky 
Glacial 
Deposits 

0 47.7 31.6 20.7 2C 

9.34 Materials are likely to be wet of optimum as indicated by the optimum moisture contents 
results summarised in Table 9-2 below.  However, it should be noted that the samples 
are from near surface deposits and the SI has been undertaken during a very wet 
Autumn.  BWBs experience on the wider site area has indicated that high volumes of 
lime will be required to prepare the surface during wet weather and/or winter working. 

Table 9-2: Optimum Moisture Content Results 

Location Geology Depth Max Dry 
Density 

Optimum 
Moisture 
Content 

Moisture 
Content 

Wet/Dry 
of 

Optimum 

TP01 Hummocky Glacial Deposits 2 1.91 9.1 13.5 Wet 

TP03 Hummocky Glacial Deposits 0.6 1.81 12 18.4 Wet 

TP07 Hummocky Glacial Deposits 2.2 1.85 9 13.1 Wet 

BH01 Hummocky Glacial Deposits 1.2 1.83 9.4 19.7 Wet 

BH02 Hummocky Glacial Deposits 0.5 1.79 10 19.7 Wet 

9.35 The suitability of earthworks materials has been assessed based on the testing carried 
out as part of this investigation.  The materials encountered on site may vary from those 
analysed; furthermore, inclement weather or winter working may result in materials 
being unsuitable for incorporation within the works without modification by lime, cement 
or other methods.  In particular, cohesive soils are very susceptible to ‘wet weather 
working’ and we strongly recommend that consideration should be given to lime and/or 
cement stabilisation of these materials if the earthworks are undertaken during 
inclement weather or the winter period.  
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9.36 Stockpiled materials often deteriorate due to water infiltration and they may become 
unsuitable for incorporation in the works; further testing and re-assessment should be 
made prior to the finalisation and implementation of the earthworks design. 

9.37 Minor earthworks are likely to be necessary to enable either ground improvement 
and/or a piled foundation solution. Furthermore, they could potentially act as a means 
to facilitate a ground bearing floor slab for a commercial development. An End Product 
Earthworks Specification will likely be required for the development. 
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10. GROUND GAS ASSESSMENT 

Introduction 

10.1 Ground gas assessment has been undertaken to assess the risks associated with ground 
gases to new buildings and their occupants. The results obtained have been assessed 
in accordance with CIRIA C665 Assessing risks posed by hazardous ground gases to 
buildings (2007), and with reference to BS 8485:2015(+A1:2019) Code of practice for the 
design of protective measures for methane and carbon dioxide ground gases for new 
buildings. 

10.2 Based on the findings of the desk study and the ground investigation undertaken, the 
following potential sources of hazardous ground gas have been identified: 

 Localised Made Ground at Silver Hill Farm; and 

 Shallow natural deposits with high organic content. 

Methodology 

10.3 The assessment of potential ground gas generation is based on the observation of trends 
and changes in gas evolution by the direct measurement of ground gases from gas 
wells. The works included measurement of methane, carbon dioxide, oxygen, hydrogen 
sulphide, carbon monoxide, gas flows and barometric pressure. A PID survey was 
undertaken to measure volatile organic compounds (VOCs) within the borehole 
response zones. 

10.4 The boreholes were installed with ground gas monitoring wells with response zones 
targeting the Made Ground at BH01 and the organic shallow natural deposits at BH02 
and BH03. Exploratory hole records showing monitoring well construction are presented 
within Appendix 7. 

10.5 Locations BH01, BH02 and BH03 were monitored during the first three visits, which 
recorded high levels of gas (notably methane) at BH03.  In was hypothesised that the 
elevated gas concentrations were due to highly organic shallow deposits in the 
boreholes vicinity, with methane prevailing due to water logging promoting anaerobic 
conditions.  Therefore, an additional six monitoring wells were installed across the site.  
DS201, DS202 and DS203 were installed close to BH03 to assess the local impact with 
DS204, DS205 and DS206 positioned across the rest of the site to assess the hypothesis 
that the gas impact is localised.   Bing™ Mapping aerial imagery presented overleaf as 
Figure 10-1 indicates brown surface vegetation in the east of the site.  Based on BWBs 
experience across the site, such areas are indicative of highly organic deposits and the 
likely source of the ground gas recorded.  While light brown patches are indicated 
elsewhere, they are smaller and lighter in colour with exploratory holes in these areas 
identifying significantly less organic deposits. 
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Figure 10-1: Aerial Photo Indicating Potential Organic Soils Extents 

 

Results 

Ground Gas Concentrations and Flow 

10.6 The minimum and maximum steady state concentrations recorded for borehole flow, 
carbon dioxide and methane are summarised below in Table 10-1. The preliminary 
ground gas monitoring results are presented in Appendix 9. 

Table 10-1: Summary of Recorded Ground Gas Results 

Borehole 
ID 

Targeted 
Geology 

Steady Flow 
(l/hr) 

Carbon Dioxide 
(%v/v) 

Methane 
(%v/v) 

min. max. min. max. min. max. 

BH01 MG/HGD <0.1 <0.1 <0.1 0.9 <0.1 <0.1 

BH02 HGD <0.1 <0.1 0.9 5.0 <0.1 <0.1 

BH03 HGD -3.9 8.4 0.6 9.8 4.0 66.5 

DS201 HGD <0.1 <0.1 1.0 5.0 <0.1 <0.1 

DS202 HGD <0.1 <0.1 6.9 13.2 56.6 73.5 
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Borehole 
ID 

Targeted 
Geology 

Steady Flow 
(l/hr) 

Carbon Dioxide 
(%v/v) 

Methane 
(%v/v) 

min. max. min. max. min. max. 

DS203 HGD <0.1 <0.1 <0.1 0.2 <0.1 <0.1 

DS204 HGD <0.1 <0.1 0.1 0.3 <0.1 <0.1 

DS205 HGD <0.1 <0.1 0.3 0.5 <0.1 <0.1 

DS206 HGD <0.1 <0.1 <0.1 0.1 <0.1 <0.1 

10.7 Hydrogen sulphide and carbon monoxide concentrations were not recorded above 
the limit of detection of the equipment (1ppm) during monitoring visits except some 
slightly elevated carbon monoxide concentrations during the first visit.  They were not 
present during subsequent visits suggesting the low level recorded may be associated 
with the drilling process. 

10.8 Eight soil samples from the dynamic sample holes were tested for Organic Matter.  
Concentrations were recorded between 5.4% and 0.9% with the highest concentrations 
all recorded at locations DS201 and DS202 with concentrations between 3.9 and 5.4%.  
Elsewhere, the maximum concentrations was 1.9% at DS204.  The results correlate with 
the higher levels of gas recorded providing further evidence that the high levels of gas 
being generated are localised in the eastern area if the site. 

Atmospheric Pressure 

10.9 The atmospheric pressures were recorded as follows: 

 Round 1 – 983mB during the site visit rising from 982mb over the preceding 12 hours; 

 Round 2 – 1001mB during the site visit static at 1001mB over the preceding 12 hours; 

 Round 3 – 1008mB during the site visit static at 1008mB over the preceding 12 hours; 

 Round 4 – 980mB during the site visit falling from 983mB over the preceding 12 hours; 

 Round 5 – 1005mB during the site visit falling from 1015mB over the preceding 12 
hours; and 

 Round 6 – 977mB during the site visit falling from 979mB over the preceding 12 hours. 

10.10 On this basis, the monitoring is considered likely to have captured the worst-case gassing 
scenario at the site as generally, ground gas emissions tend to increase when 
atmospheric pressure falls rapidly and at low pressures. 

PID Readings 

10.11 Low PID readings were recorded during the monitoring between 0.1ppm (the limit of 
detection of the equipment) and 2.1ppm (BH02). A source of the PID VOC is not 
immediately obvious, however, the low concentrations are not considered to represent 
a significant risk to human health.  
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Risk Assessment 

10.12 CIRIA C665 presents current best practice on the assessment of ground gases for 
commercial and residential buildings (with the exception of low-rise traditional housing). 
For low rise traditional housing with a clear vented underfloor void NHBC Guidance on 
evaluation of development proposals on sites where methane and carbon dioxide are 
present (2007) has been referred to. 

10.13 The above guidance presents a risk-based approach to calculate gas screening values 
(GSVs), calculated as follows: 

 

10.14 A Maximum GSV of 5.586l/hr for methane was calculated for the site, giving a 
classification of CS4/Red Site at BH03. A summary of the results is provided in Table 10-2 
below: 

Table 10-2: Borehole Specific Gas Classification 

Borehole Ref. GSV (l/hr) 
Borehole Specific Classification 

CS NHBC 

BH01 0.001 1 Green 

BH02 0.005 1 – Consider Increase to CS2 Amber 1 

03 5.586 4 Red 

DS201 0.005 1 – Consider Increase to CS2 Amber 1 

DS202 0.074 2 Red 

DS203 0.000 1 Green 

DS204 0.000 1 Green 

DS205 0.001 1 Green 

DS206 0.000 1 Green 

   

10.15 The potential source of the elevated ground gas is likely to be the soils having a high 
organic soil content, as recorded at BH03. Organic odours were also noted at TP05, TP08 
and TP15. 

10.16 The NHBC guidance states that standard residential housing is not normally acceptable 
with a Red classification without further ground gas risk assessment and/or possible 
remedial mitigation measures to reduce/remove the source of the ground gases.  

Recommendations 

10.17 If development is to occur in the vicinity of BH03 and DS202 then the organic material 
should be excavated (anticipated to be between 3 and 4m).  This material can be 
disposed of at landfill or reused on site within an are of Public Open Space.  The material 
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should then be replaced with a suitable imported clean material.  Given there is a 
propensity for organic material to be present at the site and potential for lateral gas 
migration (such as along service runs) it is recommended that CS2 / Amber 1 gas 
protection is installed across the site. 
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11. HUMAN HEALTH RISK ASSESSMENT 

11.1 Soil contaminant data have been compared against published assessment criteria, 
which includes reference to the LQM/CIEH S4ULs for Human Health Risk Assessment 
Copyright Land Quality Management Limited reproduced with permission; publication 
number S4UL3271. Where no relevant published assessment criteria are available, such 
as for cyanide, data have been compared against Generic Site Assessment Criteria 
(GSAC) developed by BWB using the CLEA model 1.07. 

11.2 Details of the derivation of the GSACs are presented in Appendix 12, along with the 
human health soils assessment. 

Sources 

11.3 Limited sources of contamination have been identified on the site with limited areas of 
Made Ground present at Silver Hill Farm, as well as sources associated with the farm, 
such as farming machinery.  

Receptors and Pathways 

11.4 It is likely that the site is to be developed for residential end use for which the key 
receptor is considered to be a female child in the first six years of life and assessment 
criteria for residential land use with homegrown produce have been adopted. 

11.5 Exposure pathways considered in this assessment are presented in Table 11-1. 

Table 11-1: Residential Exposure Pathways 
Source: Shallow Soils Deep Soils 

Pathway 

Residential 
housing 

with private 
gardens 

Residential 
housing with 
communal 

landscaped areas 

Residential 
housing with 

hard standing 
areas 

Residential 
housing 

Ingestion of Soil     

Ingestion of site derived 
household dust     

Ingestion of contaminated 
vegetables     

Ingestion of soil attached 
to vegetables     

Dermal contact with Soil     

Dermal contact with site 
derived household dust     

Inhalation of fugitive soil 
dust     

Inhalation of fugitive site 
derived household dust     

Inhalation of vapours 
outside     
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Source: Shallow Soils Deep Soils 

Pathway 

Residential 
housing 

with private 
gardens 

Residential 
housing with 
communal 

landscaped areas 

Residential 
housing with 

hard standing 
areas 

Residential 
housing 

Inhalation of vapours 
inside     

Results 

11.6 Marginally elevated hydrocarbon concentrations and PAH compounds have been 
recorded in the Made Ground within the Silver Hill Farm area of the site.  All other 
concentrations were below their respective GSACs as presented in Appendix 12.  A 
table presenting a summary of the exceedances identified in the results is presented as 
Table 11-2.  

Table 11-2: Summary of Assessment Criteria Exceedances 

Contaminant No of 
Samples 

Range of 
contamination   

Generic 
Screening level 

(mg/kg) 

No of 
Exceedances 

TPH (>EC12-16) aromatic 3 4.6-220 140 1 

TPH (>EC16-21) aromatic 3 29-670 260 1 

Total TPH 8 <10-2000 500 2 

Naphthalene 8 <0.05-34 2.3 1 

Benzo(a)anthracene 8 <0.05-33 7.2 1 

Chrysene 8 <0.05-27 15 1 

Benzo(b)fluoranthene 8 <0.05-26 2.6 2 

Benzo(a)pyrene 8 <0.05-26 2.2 2 

Dibenzo(a,h)anthracene 8 <0.05-4.1 0.24 4 

11.7 Asbestos was detected in one of the six samples tested, as summarised in Table 11-3. 

Table 11-3: Asbestos Results 

Location Depth (m) Type Total Percentage of 
Asbestos in Sample 

TP04 0.5 Chrysotile – Loose Fibrous 
Debris 0.003  

Summary 

11.8 Asbestos and marginally elevated TPH and PAH have been recorded in the Made 
Ground in the vicinity of the former farm buildings which are indicated to represent a 
risk to human health. If the Made Ground is to remain on site as part of the proposed 
development, a clean capping layer and marker membrane is required in garden areas 
to sever the pathway to future site users. 
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11.9 Alternatively, removal of the localised Made Ground from the site would remove the 
source and the requirement for a capping layer/ marker membrane in gardens. 
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12. CONTROLLED WATERS ASSESSMENT 

Receptors 

12.1 The following controlled waters receptors have been identified, which require 
assessment: 

 Secondary A Aquifer in superficial deposits; and  

 Unnamed Tributaries 40m north of site. 

Pathways 

12.2 Controlled water risk assessment has been undertaken through assessment of leachable 
concentrations of contaminants in soil referring to exposure pathways considered and 
referencing Table 12-1. 

Table 12-1: Controlled Water Exposure Pathways 
Controlled Waters Exposure Pathway Receptor 

Leaching of soil contamination into recharge infiltration  

Vertical migration of impacted pore water through unsaturated zone into 
underlying aquifer 

 

Horizontal migration of groundwater through aquifer to off-site receptors  

Assessment 

12.3 No groundwater, surface water or leachate testing was undertaken as part of this 
assessment.  

12.4 Given the lack of contaminants recorded within the superficial deposits and the 
predominantly cohesive nature of the superficial deposits, it is considered highly unlikely 
that a pathway exists from the localised Made Ground to the wider Secondary A 
Aquifer.  

12.5 Similarly, given the variable presence of granular strata in the Hummocky Glacial 
Deposits and the lack of a significant groundwater flow across the site, it is unlikely that 
there is a clear pathway towards the local unnamed tributary. 

12.6 It is therefore considered that the site poses a low risk to controlled waters. Furthermore, 
the development of the site will reduce the rainfall infiltration at the site, and inhibit 
leachate migration, thereby further reducing the risk to controlled waters. 
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13. UPDATED ENVIRONMENTAL RISK ASESSMENT 

13.1 The preliminary risk assessment presented in Section 6 has been updated following the 
completion of the ground investigation and assessment of obtained data. The updated 
conceptual site model is presented as Table 13-1. 
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Table 13-1: Updated Conceptual Site Model 
Source Pathway Receptor Con Prob Risk Potential Mitigation/Investigation Requirements 

Asbestos and 
marginally elevated 
TPH and PAH in 
localised Made 
Ground  

Dermal contact, ingestion and 
inhalation of particulates. 

Future site users 
(residential) Md Lw M/L Where Made Ground is present in proposed garden 

areas around the former farm buildings, the provision of 
a clean capping layer with appropriate demarcation 
at depth would sever the pathway to impacted soils.  
The risk to intrusive maintenance workers could be 
mitigated through the adoption of appropriate PPE. 

Intrusive 
maintenance 
workers 

Md Lw M/L 

Direct contact. Water utility pipes Md Lw M/L 

Organic compounds in the shallow soils could taint the 
water supply. A ground investigation and subsequent 
laboratory analysis should be undertaken to inform the 
design of new services. 

Elevated carbon 
dioxide and 
methane 
concentrations 

Migration and accumulation of 
ground gases in enclosed spaces 
leading to asphyxiation (carbon 
dioxide) or explosion (methane). 

Future site users 
(residential) Sv Li H 

If development is to occur in the vicinity of BH03 and 
DS202 then the organic material generating methane 
gas should be excavated.  This material can be 
disposed of at landfill or reused on site within an are of 
Public Open Space.  The material should then be 
replaced with a suitable imported clean material.  
Given there is a propensity for organic material to be 
present at the site and potential for lateral gas 
migration (such as along service runs) it is 
recommended that CS2 / Amber 1 gas protection is 
installed across the site. 

Elevated sulphate 
concentrations in 
the natural soils 

Direct contact. Buried structures/ 
foundations. Md Lw M/L 

Sulphates and low pH in the ground could accelerate 
the degradation of buried concrete structures (e.g. 
foundations). Design Sulphate Class DS-3 and ACEC 
Class AC-3 for soils and groundwater, when considering 
the most appropriate type of concrete to be used at 
the site in order to resist chemical attack from elevated 
sulphate present in the soils (assuming mobile 
groundwater in non-pyritic soils). 

VH = Very High, H = High, M = Moderate, M/L = Moderate/Low, L = Low, VL = Very Low 
KEY: Sv = Severe, Md = Medium, Mi = Mild, Mr = Minor, Hi = High, Li = Likely, Lw = Low Likelihood, Ul = Unlikely 
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14. ENVIRONMENTAL LIABILITY ASSESSMENT & DEVELOPMENT 
IMPLICATIONS 

Statutory Liability 

14.1 The contaminated land regime has implications for those who cause or knowingly 
permit land to be contaminated, or who own or occupy land that is contaminated. 
Contaminated land is defined in Section 78A(2) of Part IIA of the Environmental 
Protection Act 1990 as: 

“Any land which appears to the local authority in whose area it is situated to be in such 
a condition, by reason of substances in, on or under the land, that: 

i. Significant harm is being caused or there is a significant possibility of such harm being 
caused; or 

ii. Significant pollution of controlled waters is being caused or there is a significant 
possibility of such pollution being caused.” 

14.2 Harm is defined in Section 78(4) of the Environmental Protection Act 1990 as: 

“Harm to the health of living organisms or other interference with ecological systems of 
which they form part and, in the case of man, includes harm to his property.” 

14.3 Once an area of land has been identified as contaminated land, appropriate persons 
will be identified as being responsible for the cost of cleaning up the land by the 
enforcing authority. The appropriate person will be liable for all or part of the 
remediation of the land. Two classes of appropriate person have been identified: 

 Class A appropriate persons are those who cause or knowingly permit the pollutants 
to be in, on or under the land. 

 Class B appropriate persons are the owners(s) or occupier(s) of the land. 

14.4 Where no Class A appropriate persons can be identified, then Class B appropriate 
persons may become liable. 

14.5 Based on the information available regarding the site, the potential for Statutory 
Authority action based on “pollution of controlled water” or “significant harm” as 
defined by Part IIA of the Environmental Protection Act 1990 is considered to be LOW. 

Third Party Liability 

14.6 Based on the information contained in this report, it is the opinion of BWB that the 
potential for legal action by surrounding landowners, based on the potential for 
contamination to migrate off-site, is considered to be LOW. 
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15. WASTE MANAGEMENT 

Waste Classification 

15.1 Soil samples have been characterised against hazardous waste criteria using 
Hazwasteonline. The results of the waste classification are presented in Appendix 14. The 
assessment indicates that the soils analysed are likely to be classified as non-hazardous 
except for Made Ground around the farm which is likely to be hazardous. The waste 
classification assessment only applies to those soils that have been tested. If other soils 
are to be disposed of off-site then further analysis may be required. 

15.2 Asbestos has been found at the site but only at one location at a concentration at 
0.003% and no visible asbestos has been noted. The presence of visible asbestos 
containing materials in waste or at concentrations exceeding 0.1% by weight will classify 
the waste as mixed and require disposal as hazardous waste irrespective of the 
chemical properties of the waste. 

15.3 Should any soils require disposal off site, an assessment of waste classification of the soils 
for disposal should be made by a competent person. Further chemical analysis may be 
required to fully characterise waste soils for disposal to landfill or re-use off site. WAC 
analysis may be required for disposal of soils as inert or hazardous.  
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16. CONCLUSION AND RECOMMENDATIONS 

Conclusions 

16.1 The site comprised a derelict farm in the north west area (Silverhill Farm) with grasslands 
across the rest of the site.  No significant changes have occurred throughout the 
mapped history of the site. 

16.2 The proposed development at this stage is likely to comprise either a small 
commercial/light industrial development or residential properties with an estimated 78 
units predominantly of 3 or 4 bedrooms including gardens, landscaping and associated 
infrastructure. 

16.3 Ground conditions encountered during the intrusive ground investigation comprised 
very soft organic Topsoil over predominantly cohesive Hummocky Glacial Deposits (a 
Secondary A Aquifer). Made Ground was encountered within 6 out of 24 locations, 
generally within the north west of the site where Silver Hill Farm is located, with 
thicknesses ranging between 0.5m and >1.30m.  The Made Ground variable in 
composition but commonly included brick and concrete, including some boulders and 
occasionally plastic and wood. 

16.4 During subsequent monitoring, groundwater was recorded between 0.59m bgl and 
4.22m bgl. Based on the observed geology, variable groundwater strike depths, and 
variable resting groundwater levels observed during the monitoring, it is considered that 
there is not a significant and consistent groundwater flow regime at the site. 
Groundwater is likely to accumulate and flow within granular pockets in a variety of 
directions. 

Environmental  

16.5 Ground gas monitoring results have indicated limited elevated carbon dioxide 
concentrations at locations in the western half of the site based on BS8485:2015 
methodology.  However, significantly elevated carbon dioxide and notably, methane 
concentrations as well as positive flows which are commensurate with a CS4 /NHBC Red 
have been identified in a small area in the east of the site.   

16.6 Asbestos and marginally elevated TPH and PAH have been recorded in the Made 
Ground in the vicinity of the former farm buildings which are indicated to represent a 
risk to human health. If the Made Ground is to remain on site as part of the proposed 
development, a clean capping layer and marker membrane is required in garden areas 
to sever the pathway to future site users.  Alternatively, removal of the localised Made 
Ground from the site would remove the source and the requirement for a capping 
layer/ marker membrane in gardens.  No significant risk to controlled waters has been 
identified. 

16.7 Made Ground around Silverhill Farm may be classified as hazardous for waste disposal 
purposes.  Otherwise, materials are likely to be classified as Non-Hazardous. 



 

Page | 40 
 

Plot W Kingsway Business Park, Rochdale 
Phase 1 and 2 Geo-Environmental Assessment  
December 2019 
KPW-BWB-ZZ-XX-RP-GE-0001_Ph1&2 

16.8 Barrier water supply pipes are likely to be required in the Silverhill Farm area of the site.  
Elsewhere, standard piping is likely to be suitable. 

Geotechnical 

16.9 For residential development, a vibro ground improvement option, such as stone 
columns, is unlikely to be suitable.  Controlled Modulus Columns (CMCs) may be a viable 
option but may not provide a significant cost saving over driven piles, which is likely to 
present the most economical solution at the site. However, noise and vibrational effects 
on nearby developments associated with their installation need to be considered 
before adopting this solution. In addition, the possibility of relic foundations/slabs within 
the Made Ground cannot be discounted, as they have been observed as part of this 
investigation in the Silverhill Farm area.  

16.10 A suspended slab would be required in the Silverhill Farm area of the site due to NHBC 
requirements where Made Ground thicknesses exceed 600mm.  Outside of this area it is 
possible that a ground bearing floor slab could be used for residential properties for 
loads of up to 10kPa, with less than 25mm settlement, subject to removal of topsoil and 
construction on a proof rolled granular layer.   

16.11 For a small commercial / light industrial development, a vibro solution may be a viable 
option following improvement of the surface.  Ground improvement and/or 
reengineering of the near surface soils may be viable which would facilitate a ground 
bearing slab.  Treatment of the top 2.0m of soils may facilitate a ground bearing slab of 
up to 30kPa. Otherwise, a fully suspended slab would be required with loads transferred 
to pile caps.  Consultation with a specialist ground improvement contractor should be 
undertaken to assess whether this is a viable option.   

16.12 An earthworks exercise will be required to strip topsoil and prepare the surface for plant 
movement and foundation installation.  Based on BWBs experience of similar ground 
conditions across the wider business park, significant quantities of lime are likely to be 
required to reduce the moisture content of the soils and improve the ground, particularly 
during inclement and/or winder months. 

16.13 Groundwater is likely to be a seasonal issue with excavations likely to require dewatering 
during late autumn through to spring.  However, this will be highly dependent upon 
precipitation totals in the local areas.  If excavations are undertaken during wetter 
periods then groundwater level control, such as dewatering at well points or slit trenches 
may need to be incorporated.   

Design Sulphate Class DS-3 and ACEC Class AC-3 for soils and groundwater, when 
considering the most appropriate type of concrete to be used at the site in order to 
resist chemical attack from elevated sulphate present in the soils (assuming mobile 
groundwater in non-pyritic soils).  

Recommendations 

16.14 If development is to occur in the vicinity of BH03 and DS202 then the organic material 
generating elevated methane and carbon dioxide concentrations should be 
excavated and removed.  This material can be disposed of at landfill or reused on site 
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within an area of Public Open Space.  The material should then be replaced with a 
suitable imported clean material.  Given there is a propensity for organic material to be 
present at the site and potential for lateral gas migration (such as along service runs) it 
is recommended that CS2 / Amber 1 gas protection is installed across the site. 

16.15 A remediation strategy will be required to inform mitigation requirements including gas 
protection and clean soil cover as well as setting out contingency arrangements should 
previously unforeseen contamination be encountered. 

16.16 For a piling solution, a working platform should be designed in accordance with BRE470.  
A specialist piling / ground improvement contractor should be consulted to further 
assess the most economical and suitable piling solution. 
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Drawing 1: Site Layout Plan
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Appendix 1: Proposed Site Layout Plan
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Appendix 2: Site Photographs



Photo 1—View across main site area 

Project Number: NTE2554 Project Name: Plot W Kingsway Business Park, Rochdale 
Site Photographs: BWB Site Visit  

Photo 3—View across main site area Photo 2—View across main site area 

Photo 4—View of derelict Silverhill Farm 
buildings 

Photo 5—View of derelict Silverhill Farm 
buildings 
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Appendix 3: Groundsure Report
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