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Executive Summary  

Site Location and 
Description 

The site is centred on NGR TL 23630 and covers an area of approximately 
2.30Ha near the centre of Welwyn Garden City, northwest of the Parkway 
and The Campus roads. It includes a hardstand Public carpark and the 
Welwyn Garden City Central Library surrounded by soft landscaping. ma 

Geology 

Ground investigation confirmed the following geological sequence anticipated 
from published information: 

Made Ground (variable soils): Up to 1.4m thick.  

Lowestoft Formation (comprising variable superficial deposits): 2.20 to 
11.70m thick. 

Localised Thanet Sand Formation (comprising variable superficial 
deposits): >4.80m thick. 

White Chalk (Grade Dm and Grade Dc): to the full depth of the investigation 
(25.00m bgl). 

Evidence of ‘Swallow holes’ (zones of metastability and voiding associated 
with chalk dissolution) have been identified locally approximately 170m 
southeast.    

Hydrogeology 

The superficial deposits have been classified as a Secondary Aquifer 
(Undifferentiated). 

The White Chalk has been classified as a Principal Aquifer.  

No groundwater was encountered.  

Hydrology 

Unnamed streams running through an area of woodland 0.80km northwest of 
the site. 

Two lakes and the River Lea present in Stanborough Park, 2.40km south of 
the site. 

Site History 

19th Century: The Site was occupied by woodland running adjacent to 
existing railway line. 

1920-1940: Workmen’s Camp, Laundry, Sawmills and a rail siding on site.  

1960-Present: The site was redeveloped into Campus West by 1972 and 
attained its current layout by 1993 with residential and business development 
to the west and east, Campus ground to the south and the former rail 
corridor to the north.   

UXO 
Risk maps show the site to be at Low risk of UXO, potential industrial 
targets beyond northwest of the site deemed Moderate risk.  

 
Licensing Records 

 

 

Discharge Consents: One within 500m. 

Prosecutions Relating to Controlled Waters: None recorded.  
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Licensing Records 
Continued 

 

 

 

 

Pollution Prevention and Controls: Dry Cleaners 337m southeast dated 
November 2011. 

Pollution Incidents: None within 500m. 

Water Abstractions: One within 500m. 

BGS Recorded Mineral Site: None within 500m. 

Hazardous Substances: None within 500m. 

Landfill & Waste Management: Waste treatment or disposal site 403m 
east of site. 

Contemporary Trade Directory Entries & Fuel Stations (within 
500m): Cleaning Services, Computer Manufacturers, Air Conditioning & 
Refrigeration, Building Services, Mechanic Services. 

Ground 
Investigation  

The ground investigation completed by WYG during December 2019 comprised the 
following:  

• Service clearance and GPS  

• 2No. Cable Percussive and 9No. Window Sample Boreholes up to 25m bgl with 
sampling and Standard Penetration Testing (SPTs) 

• Geotechnical and Geo-environmental laboratory assessment; 

• Installation of standpipe monitoring installations;  

• 3No. ground gas monitoring and water sampling monitoring visits. 

Geo-
Environmental 
Risk Assessment 

Based on the updated conceptual model of source, pathway and receptor 
linkages, the following risk levels established have been identified: 

• Current site users – Low (Low to Moderate in areas of landscaping 
• Future site users – Low (Low to Moderate in areas of landscaping 
• Construction Site Workers – Low (on implementation of CDM) 
• Adjacent site users – Low (Moderate during ground works)  
• Groundwater (underlying aquifers) – Moderate 
• Surface water (watercourse on site) – Low to Moderate 
• Structures / Services – Low (Moderate in mobile groundwater)  
• Soft Landscaping - Low 

Land Gas  The site has been assessed to be CS2 (Low Risk).  

 

 

Geotechnical Risks 
and 
Recommendations 

 

  

Conventional shallow foundations bearing onto the Lowestoft Formation are 
considered a viable foundation solution in most areas for lighter loads (up to 
140kN/m2). The above factors may influence the type of foundation type 
and piled foundations may need to be considered.  

For heavier structural loads, or where factors impact on the viability of 
shallow foundations, piled foundations may need to be considered. Piled 
foundations will need to be constructed cognisant of local conditions, and 
critically the variable surface depth and characteristics of the White Chalk 
associated with the high risk of solution features.  

Ground improvement will be required to support ground bearing floor slabs. 
CBR Values ranging between 1 to 10% are considered for near surface 
soils. A design Sulfate Class of ACEC 1s DS-1 is recommended. 
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1.0 INTRODUCTION  

1.1 Instruction 

WYG Environment (WYG) were commissioned by Welwyn Hatfield Borough Council 

(WHBC) to undertake a ground investigation and assessment at the Campus West 

site, located near the centre of Welwyn Garden City. 

Instructions to proceed were provided in a Purchase Order dated October 2019 

(RSE2152595).  

1.2 Objective  

The ground investigation was initially scoped by Conisbee and further developed by 

WYG using the findings of the Desk Based Assessment (report ref WGC Campus 

West DTS V1). The overarching objective was to provide preliminary information 

relating to the ground conditions, potential ground contamination and geotechnical 

constraints at the site in relation to the redevelopment of the site to accommodate 

more carparking facilities.    

This report details the ground investigation undertaken, provides a factual record of 

the conditions encountered, and further develops the conceptual ground model to 

inform a detailed review of the geo-environmental and geotechnical constraints 

posed to site development.  

1.3 Proposed Development  

At the time of compilation of this report (during January 2020), the scheme was at 

concept stage, the details of which were not available, however it was understood 

that proposals included the development of a decked, two-storey carpark in the 

existing carpark area with retention of the existing buildings and landscaped areas.   
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1.4 Scope 

A desk-based assessment undertaken by WYG in November 20191 collated publicly 

available information to enable a review of the risks associated with ground 

conditions with potential to impact upon the redevelopment of the site for combined 

residential / commercial use. This information was used to refine the proposed 

intrusive investigations and the following report covers the following scope of work.  

• A geotechnical and ground contamination assessment discussing the 

results of the investigation cognisant of the desk-based assessment, not 

only concerning potential on-site geotechnical engineering and 

contamination conditions/constraints, but also an overview of the 

potential for migration of contamination onto the site, or off-site to local 

receptors. 

• A geotechnical and ground contamination intrusive investigation.  

• Interpretation of the data collected in order to refine the Conceptual Site 

Model (CSM) and to undertake qualitative risk assessment of potentially 

complete pollutant linkages in accordance with current guidance. 

• Development of an outline geotechnical model with discussion of 

characteristic geotechnical parameters.  

• Provision of geotechnical recommendations pertaining to potential 

development constraints and management options. 

1.5 Terms and Conditions  

This report has been prepared for the client, Welwyn Garden City, in accordance with 

the terms and conditions of this contract, prepared in line with the proposal (ref rt 

30Sept19 fplV5), and is subject to the report conditions included as Appendix A. 

The recommendations and opinions expressed within this report are based on the 

information provided and other sources of readily available information. Where 

reference has been made to other reports or information provided by the client, or 

 

1 WGC Town Centre DTS Report V1 (October 2019)  
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from other Third party sources, such data has been reviewed in good faith and it has 

been assumed that their contents are correct, as it is impractical to fully validate this 

data. WYG is unable to guarantee any Third-Party Information.
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2.0 SITE INFORMATION  

2.1 Site Location  

The Site covers an area of approximately 2.3Ha near the centre of Welwyn Garden 

City and is defined by Digswell Road which forms the east boundary, a former rail 

corridor forming the north boundary, and The Campus (Road) forming the south 

boundary.  

The Site is centred on National Grid Reference TL 23630 13392 and the nearest 

postcode is AL8 6BX. 

A site location plan is provided as Figure 1 of this report.  

2.2 Site Description 

The Site is broadly rectangular in plan, with straight north, east and west 

boundaries, and a curved south boundary defined by The Campus.  

At the time of the investigation (during October to December 2019) the east side of 

the site was occupied by the Campus West Arts & Conference Centre and the 

Welwyn Garden City Central Library. Hardstand parking for approximately 250 cars 

was located on the west side of the site adjoining the access road connecting to The 

Campus.  

The perimeter of the Site is defined by landscaped areas with mature trees. The 

landscaping is broken along the south boundary by the access road and pedestrian 

entrance into the Art Centre.  

The Campus West Arts & Conference Centre and the Welwyn Garden City Central 

Library buildings are flat roofed brick, circa 1980 buildings up to five storeys high 

occupying approximately 1/3 of the site footprint.  

2.3 Surrounding Area 

Land use beyond the Site boundary is summarised in Table 2.1.   
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Table 2.1 Surrounding Land Uses 

 Description 

North 

The north boundary is defined by a former rail corridor (National Route 12) 

which is now a public footpath within the original rail cutting residing at 

approximately 3m below the site level. The corridor is densely vegetated with 

both mature and semi-mature trees growing along the embankments and crest 

immediately adjacent to the site.  

Predominantly residential areas of detached and semi-detached houses with 

associated gardens lie beyond the former rail corridor to the north.   

East 
Digswell Road forms the east boundary with Welwyn Garden City Theatre and 

Oaklands College, and a car park further east. 

South 

The Campus (road) forms the south boundary and encloses a public park 

further to the south. Welwyn Garden City offices are situated further to the 

south of the park on the south side of Bridge Road, forming the boundary of 

the southwest corner of the site.      

West 

The west boundary of the site is separated from a residential development by a 

hedgerow. The development comprises four storey blocks of flats and 

associated landscaped areas  
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3.0 ENVIRONMENTAL SETTING 

3.1 Geology 

Information regarding the underlying geology has been obtained from the British 

Geological Survey (BGS) online GIS database which indicates the Site to be 

underlain by the following geological sequence. 

3.1.1 Made Ground 

Although not indicated on published BGS maps, Made Ground is anticipated to be 

present. Fill materials are likely to underly hardstand areas, and the Site’s historic 

development may have resulted in disturbance to shallow soils, or importation of 

soils. It is also considered possible that remnant substructures from former 

developments may exist in localised areas of the site.  

3.1.2 Superficial Geology 

BGS Geoindex online mapping (1:50,000 scale) indicates that the Site is underlain 

by the superficial Lowestoft Formation, described by the BGS lexicon of named rock 

units as “an extensive sheet of chalky till, together with outwash sands and gravels, 

silts and clays”.  

3.1.3 Solid Geology 

The Lewes Nodular and Seaford Chalk Formations (undifferentiated) are indicated to 

underlie the superficial deposits.  

The Lewes Nodular Chalk Formation is described in the BGS lexicon as “hard to very 

hard chalk with interbedded soft to medium chalks and marls. Nodular chalks are 

typically lumpy and iron-stained.” 

The Seaford Chalk Formation is described as “firm white chalk with nodular and 

tabular flint seams”.  

Together these units form part of the White Chalk Sub-Group and are herein 

referred to as the White Chalk.  

Immediately to the north of the Site the Lambeth Group is indicated to overlie the 

White Chalk. It is possible that this unit may encroach across the north boundary of 
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the site.  The BGS lexicon describes the Lambeth Group as “vertically and laterally 

variable sequences mainly of clay, some silty or sandy, with some sands and 

gravels, minor limestones and lignites and occasional sandstone and conglomerate”. 

3.1.4 BGS Borehole Records 

The BGS online database show no boreholes located on site. Boreholes located near 

to the Site have been reviewed and the conditions encountered are summarised in 

Table 3.1. 

Table 3.1 Summary of Historical Borehole Records 

* Interpretation based on description. ** Soil description extracted from the borehole record  

BH Ref. 
Distance 
and 
Direction  

Strata * 
Depth 
(m bgl) 

Groundwater  

(m bgl) 
Description** 

TL21/122 150m N 

London Clay 
Formation 

5 

No information 

No further description given 

Seaford Chalk 36 No further description given 

Lewes Nodular 
Chalk 

70 No further description given 

TL21SW/93 240m SE 

Topsoil 0.46 

Dry  

No further description given 

Lowestoft 
Formation 

6.55 

Firm brown sandy clay with 
stones at top, becoming 
gravel and sand further 
down and stiff brown clay 
with stones at base 

TL21SW/15 290m E 

Anthropogenic 
Ground** 

0.50 

28.6 

Fill: Reinforced concrete 
(0.2m) resting on gravel 
and concrete rubble 

Lowestoft 
Formation 

10.0 

Orangish brown clays, sands 
and gravels, becoming silty 
with depth. Cobbles up to 
125mm at base 

Undifferentiated 
Chalk 

15.0 

Clayey, friable and rubbly 
Chalk. Reworked at top with 
lenses of variable chalky 
brown clay with small 
fragments of stiff brown 
clay. Becomes rubbly and 
blocky with orange patches 
and flint with depth 
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3.2 Risk Assessment of Chalk 

Chalk has a high calcium carbonate content, the susceptibility of which to dissolution 

by water, particularly where pH is low, can lead to the zones of differential and 

exaggerated weathering of the chalk surface, often presenting as a well-developed 

weathered horizon of ‘Chalk Head’.  

Weathering typically exploits zones of weakness within the chalk (e.g. well-developed 

joints and bedding plains), and therefore the Chalk Head can be variable both in-

terms of its thickness and its geotechnical properties. In addition, zones of 

metastability associated with deep weathering, often described as dissolution 

features, can in some circumstances include deeply unstable soils and voids / roofed 

cavities.  

The Envirocheck report also lists the coordinates of two ‘Natural cavities’ which are 

approximately 250m to the SW of the site.  

These features are listed as ’sinkholes’ and further information was requested Stantec 

(formerly Peter Brett Associates (PBA)) who have confirmed that WHBC kept a record 

of any natural cavity features discovered during development in the 1900s. The 

location of these features was recorded and marked on a map provided to PBA by 

WHBC dated 22nd February 1983.  

The map shows “swallow holes” that were often found during road, sewer and 

housing construction in areas where the Glacial Gravels overlay the Chalk at 

approximately 10-14m bgl. Additionally, it was noted that some of the encountered 

features had been induced as a result of the construction works. 

It was later noted that further clarification was sought on the terminology used within 

the reports and hence the type of solution feature has since been reclassified as a 

‘sinkhole’ instead of a ‘swallow hole’. 

Further hazards identified in The Envirocheck Report also identifies the possibility of 

mining and mineral Sites around the area, possibly related to chalk mining, although 

none are recorded to occur within 250m of the site, there is considered to be potential 

for historic deneholes (shallow small-scale mining features).  
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The likelihood of the chalk being affected by dissolution processes is influenced by 

several factors including the nature of the cover deposits, the depth of groundwater, 

and the local topography, and the anticipated site conditions can be qualitatively 

assessed following methods outlined by C.N. Edmunds (2001) ref 2.  

Following the desk-based risk assessment method2, the Site is classified to have a 

High Risk of metastability and voiding associated with chalk dissolution. This is 

primarily driven by the presence of the overlying Lowestoft Formation diamicton and 

the potential encroachment of Tertiary Deposits (Lambeth Group) in the north of the 

site which can lower the pH and concentrate groundwater flows potentially 

accelerating the dissolution of the underlying chalk. The risk assessment is presented 

in Appendix C.  

3.3 Ground Stability Hazards 

Table 3.2 provides a summary of ground stability hazards identified from the BGS 

database. The BGS database designates Ground Stability Hazard risk ratings to spatial 

areas based on the local geology and soil type as reported within the Envirocheck. 

These ratings are assigned to areas based on the local geology and soil type 

identified in regional geographic information systems, and do not necessarily consider 

hazards relating to localised topography and local variations in ground conditions. 

The high risk indicated for ground dissolution is associated with the White Chalk 

which is susceptible to dissolution, as discussed in detail in Section 3.2. 

The Envirocheck Report also identifies the possibility of mining and mineral sites 

around the area, possibly related to chalk mining, although none are recorded within 

250m of the site, there is considered to be potential for historic deneholes (shallow 

small-scale mining features).  

In summary, considering the confirmed presence of local features and the conditions 

presented by the anticipated ground model, a High ground stability risk is identified. 

Table 3.2 Ground Stability Hazards 

 

2 C.N. Edmunds (2001) – Predicting natural cavities in chalk: in ‘Land Surface Evaluation for Engineering Practice’ British 

geological Society Special Publication 18. 
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Ground Stability Hazard Risk 

Collapsible Ground Very Low 

Compressible Ground No Hazard 

Ground Dissolution High 

Landslide Ground Stability Very Low 

Running Sand Stability Very Low 

Shrinking or Swelling Clay Moderate 

3.4 Unexploded Ordnance Risk 

Risk maps show that the Site is located within an area considered to be at Low risk 

of having potential buried UXO, although it is noted that there were potential 

industrial targets adjacent to the northwest of the Town Centre site boundary 

(ZeticaUXO, 2019). 

3.5 Radon 

The Site is noted as being in a Lower probability radon area, which is defined by less 

than 1% of homes being estimated to be at or above the Action Level, according to 

the British Geological Survey. 

3.6 Nitrite Vulnerability 

The Envirocheck Report (2019) identifies the Site to be in a Nitrite Vulnerable zone, 

defined as areas of land that drain into nitrate polluted waters, or waters which could 

become polluted by nitrates. 

3.7 Hydrogeology 

3.7.1 Aquifer Classification 

The Environment Agency has classified the superficial deposits of the Lowestoft 

Formation as a Secondary Undifferentiated Aquifer. This classification is given in cases 

where it has not been possible to attribute either category A or B to a rock type. 
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The bedrock geology of the White Chalk has been classified as a Principal Aquifer. 

This classification is defined as layers of rock or drift deposits that have high 

intergranular and/or fracture permeability and provide a high level of water storage. 

They may support the public potable water supply and/or base flow on a strategic 

scale. 

3.7.2 Groundwater Source Protection Zone 

The Site is located within a Groundwater Source Protection Zone III defined by the EA 

as the area around a supply source within which all the groundwater ends up at the 

abstraction point.  

3.7.3 Licensed Groundwater Abstractions 

No water abstraction permits have been identified within 250m of the site. The 

nearest water abstraction permit exists 474m east of the site, relating to Rank Xerox 

Ltd, which allows a daily rate of 2991m3 of groundwater to be abstracted daily for 

industrial processing. No expiry date has been provided. 

3.8 Hydrology 

3.8.1 Surface Water Features 

The nearest surface water feature is a stream located approximately 180m to the east 

of the site flowing east to west along the southern boundary of an area of residential 

properties. This stream is culverted below the pedestrian access leading into the 

Town Centre from Gresley Close. The eastern extent of the culvert, and the interface 

with any former railway drainage systems located north of the site and following the 

route of the stream, was not confirmed.  

Unnamed streams also flow through wooded areas located 0.50km northwest of the 

Site.  

Further to the south of the Site, two lakes are located in Stanborough Park in close 

proximity to the River Lea approximately 2.40km from the Site boundary. 
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3.8.2 Flood Risk 

The Site is indicated to be within an area designated as Flood Zone 1, which is 

defined as an area having a less than 1 in 1,000 annual probability of river or sea 

flooding.  
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4.0 SITE HISTORY 

4.1 Introduction 

The historical development of the Site and surrounding area has been assessed using 

information available from historical Ordnance Survey (OS) maps dating from 1884 to 

2019 provided with the Envirocheck Report (Appendix B). 

4.2 Summary of Site History  

4.2.1 On-site 

The earliest available historical map extract, published in 1884, shows the Site to be 

part of the Sherrardspark Wood and is located immediately south of the Dunstable 

Branch railway. The wood was then cleared during the period from 1920 to 1940 prior 

to the establishment of a sawmill and joinery on the Site. These developments were 

serviced by a rail siding feeding into the northern area of the Site and included 

workmen’s cottages in the southeast. The Site was redeveloped to accommodate the 

library and Campus West buildings in 1973. 

Google Earth Satellite Images / Aerial Photography dating back to 2002 show that the 

Site has remained largely unchanged through this period to the present date (January 

2020).  

4.2.2 Off-site 

The areas around the site originated as fields and farmland. Some areas have been 

developed into residential dwellings, whilst other areas have been used for industry 

purposes, including factories, builders’ yards and brick works. These have since been 

redeveloped, and now largely feature more commercial and residential uses.  

4.3 Historical Site Uses  

Table 4.1 provides a detailed account of the review of available OS mapping coverage 

for the site and general area dating back to 1884. The commentary is generally 

limited to locations within 500m of the site boundaries unless it is considered that 

activities beyond that range could potentially have an impact on the site.  
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Table 4.1 Historical Site Review 

Map Date & 

Scale 
Within Site Boundary Surrounding Area 

1878 (1:2,500) 

1884 (1:10,560) 

1898 (1:2,500) 

1899 (1:10,560) 

The earliest map from 1878 shows the site to be 

occupied almost entirely with woodland. The 

woodland is largely unbroken with some tracks 

marked running through it, and a larger 

track/road to the south. The northern edge of 

the site borders a railway line (‘Dunstable 

Branch’) constructed within a cutting.  

The 1884 and 1899 1:10 560 maps show that 

the woodland is part of the ‘Sherrardspark 

Wood’. 

The sites north boundary comprises the Dunstable 

Branch railway with a pedestrian crossing leading 

into woodland north of the railway. 

The area to the northeast and to the south is largely 

open fields with a few buildings in the southwest. 

Farms are shown to the northeast and south.  

1923 (1:2,500) 

1925 (1:10,560) 

The woodland has mostly been cleared, ‘Saw 

Mills’ are indicated in the southwest, and a 

‘Workmen’s Camp’ and ‘Laundry’ is indicated in 

the southeast. 

A railway siding connecting with the Dunstable 

line to the west runs into the site from the west.  

A ‘Brick Works’ is shown to the northwest, a ‘Post 

Office’ to the south and various ‘Banks’ and ‘Council 

Offices’ to the southeast. An ‘Electric Power Station’ 

is present to the southeast of the site along with 

‘Playing fields’ and a tennis ground are shown.  

Residential development roads are shown to the 

southwest and west.  

An area of the original woodland to the west of the 

site is now labelled as the ‘Reddings Plantation’. A 

reservoir is now indicated to the north.  

1938 (1:2,500) 

1939 (1:10,560)  

The Saw Mill is now marked as a ‘Joinery Works’, 

with new buildings present in the west of the 

site. 

Digwell Road is shown in its present-day location 

forming the east boundary of the site and continuing 

across the railway Dunstable Line (railway) on an 

overbridge.  

Further residential development, roads and a school 

are indicated to the north of the site.  

Several developments are shown to the south and 

southeast of the site, including one labelled as a 

‘Theatre’. 

Industrial development is shown in the wider areas 

around the site, including a ‘Plastic Powder Works’ 

and ‘Sewage Works’ to the northeast, an ‘Iron 

Foundry’ to the east, and a ‘Pumping Station’ to the 

southwest. The electric Power Station is no longer 

indicated. 
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Map Date & 

Scale 
Within Site Boundary Surrounding Area 

1950 (1:10,560) No changes indicated. 

Further development comprising new streets of 

houses is shown to the southwest, southeast and 

north. 

1960 (1:10,000) 

1961-1985 

(1:1,250) 

 

1966 (1:10,000) 

1969 (1:1,250) 

The buildings formerly associated with the 

Joinery Works are no longer shown.  

The 1961-1985 (1:1,250) map shows the 

“Campus West” development (built in 1973) in 

the east of the site.  

The joinery works is now labelled as a ‘Builder’s 

Yard’. New developments are indicated to the east 

across from Digswell Road which is the Mid-Herts 

College of Further Education and a nearby library. 

‘Allotment Gardens’ and tennis courts are indicated 

to the northeast.  

Further development is indicated to the southeast 

including roads, car parks, the theatre is now 

labelled as a ’Cinema’.   

Expansion of road running over the railway line to 

the southeast of the site. New road constructed by 

1966, to the east of the railway line, running 

approximately N-S. 

1972 (1:2,500) 

1976 (1:10,000) 

Campus West is not shown on the 1972 

(1:2,500) map. The site is shown to be clear of 

development with wooded areas and footpaths. 

Campus West is shown on the 1976 (1:10,000) 

map with open car parking in the west and the 

site has more or less attained its present-day 

layout.  

The 1976 (1:2,500) shows significant residential 

development of the open fields and farmland to the 

northeast. 

Further development and expansion of the local road 

and rail network together with further residential 

development is shown.  

Continued development has occurred to the 

southeast of the site, creating a higher density of 

buildings. 

The reservoirs to the northwest of the site appear to 

have been expanded. 

1989 (1:10,000) 

1992 (1:1,250) 

1993 (1:1,250) 

No changes indicated.  

Much of the industrial development to the northeast 

is no longer shown.  

Further residential and commercial / retail 

development is shown in the wider area, with only 

minor changes to previously developed areas. 

Some changes to the buildings to the southeast of 

the site are shown, whilst a ‘Dismantled Railway’ is 

shown to the west.  
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Map Date & 

Scale 
Within Site Boundary Surrounding Area 

1999 (1:10,000) No changes indicated. 
Further developments in the area formerly occupied 

by factories to the northeast us indicated. 

2019 (1:10,000) 
No changes indicated and the site is shown in its 

present-day layout.   

No changes indicated and the surrounds are shown 

in their present-day layout.   
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5.0 LICENSING RECORDS  

5.1 Discharge Consents 

The Envirocheck Report, provided in full in Appendix B, provides a record of 

licences, consents, permits applicable to potentially contaminative activities in the 

Site vicinity. The following summary is generally limited to locations within 500m of 

the Site boundaries unless it is considered that installations or activities beyond that 

range could potentially have an impact on the site or be affected by the 

redevelopment of the Site.  

5.2 Discharge Consents 

A single discharge consent has been identified within 500m of the Site relating to 

Cbx (making of computers and electronics) 475m east of the Site, permitted in 

October 2991 and revoked in March 1996.  

5.3 Prosecutions Relating to Controlled Waters 

No records of any prosecutions relating to the pollution of controlled waters have 

been identified within 1km of the Site. 

5.4 Pollution Prevention and Controls 

A single Local Authority Pollution Prevention and Control measures is in place within 

500m of the Site. It relates to Welwyn Dry Cleaners, 337m SE permitted from 1st 

November 2011. 

5.5 Pollution Incidents 

No incidents of pollution into controlled waters or substantiated pollution incident 

register entries recorded within 500m of the Site. 

5.6 Water Abstractions 

A single water abstraction permit has been identified within 500m of the Site. This is 

operated by Rank Xerox Ltd at a distance of 474m east, under licence 
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29/38/02/0074. It is reported that 2991m3 of groundwater is extracted daily. Both 

the authorised start date and end date have not been supplied. 

5.7 BGS Recorded Mineral Site 

There are no recorded BGS Mineral Sites within 500m of the Site. 

5.8 Hazardous Substances 

There are no Control of Major Accident Hazards Sites (COMAH) or Notification of 

Installations Handling Hazardous Substances (NIHHS) sites within 500m. 

5.9 Landfill & Waste Management 

Hertfordshire County Council has supplied landfill data for a location within the 

bounds of the Site, although no further details have been provided. WHBC does not 

have any landfill data to supply. 

There are two records of licenced waste management facilities within 1km of the 

Site as summarised in Table 5.1. 

Table 5.1 Summary of Licensed Waste Management Facilities within 1km of The Site 

Operator Type Location 
Permit 

No. 

Issue 

Date 
Expiry Date 

WGC Metals 

Ltd 

Vehicle depollution 

factory 
850m E 102412 

February 

2011 
Not supplied 

WHBC 
Special waste 

transfer station 
961m E 80190 

May 

1999 
Not supplied 

 

A registered landfill site is present within 1km of the site, as summarised in Table 5.2. 

Table 5.2 Summary of Registered Landfill Sites located within 1km of The Site 

Operator Type Location 
Permit 

No. 
Issue 
Date 

Expiry 
Date 

Polycell 
Products Ltd 

Landfilling (soakaway) of 
aqueous effluent and effluent 
treatment sludge – up to 
10,000 tonnes per year 

689m SE 79/078 
June 
1979 

Not 
supplied 
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There are four records of recorded waste treatment or disposal sites within 1km of 

the Site as summarised in Table 5.3. 

Table 5.3 Registered Waste Treatment or Disposal Sites within 1km of the site 

Operator Type 
Distance 
from site 
boundary 

Permit 
No. 

Issue 
Date 

Expiry 
Date 

Rank Xerox 
Ltd 

Treatment of acids, alkalis, 
flammable solvents, 
industrial effluent sludge, 
metasilicate solution, 
oil/water mixtures, 
toxic/poisonous wastes, 
waste solvents and 
contaminated water at an 
input rate between 10,000 
and 25,000 tonnes per year 

403m E 

82/134 
(preced
ed by 
78/042) 

May 
1984 

Not 
supplied 

Polycell 
Products Ltd 

Storage of aqueous effluent 
waste 

885m SE 79/078 
June 
1979 

Not 
supplied 

British Lead 
Mills 

Lead scrapyard with allowed 
input rate between 25,000 
and 75,000 tonnes/a 

889m SE 92/302 
January 
1993 

Not 
supplied 

Roche 
Products Ltd 

Drummed storage of 
chlorinated and 
unchlorinated solvents (A 
and B) – max input less 
than 10,000 tonnes/a 

966m SE 86/203 
June 
1986 

Not 
supplied 

5.10 Contemporary Trade Directory Entries & Fuel Stations 

The Envirocheck Report provides details of industrial and commercial land uses that 

are considered to be potentially contaminative within the vicinity of the site.  

An abundance of records has been found, relating to historical retail, commercial 

and light industrial land use which also includes fuel stations. A selection of records 

considered most relevant, which may aid in giving an impression of typical historic 

and present-day land use within 500m of the site, are presented in Table 5.4. No 

active directory entries were found within 100m of the site, although three active 

entries have been identified within 500m of the site are presented in Table 5.4.  
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Table 5.4 Contemporary Trade Directory Entries 

Name 
Distance and 
Direction from 
Site (m) 

Classification Status 

Done and 
Dusted 

73 NW Cleaning Services - Domestic Inactive 

I B M (UK) Ltd 88 S Computer Manufacturers Inactive 

Alpha Air 
Conditioning  

296 NE Air Conditioning /Refrigeration  Active 

United Carpet 
Cleaning 
Masters 

296 S 
Carpet, Curtain and Upholstery 
Cleaners 

Inactive 

Mixamate 
Holdings Ltd 

306 S Concrete Ready Mixed Inactive 

R & R Cleaning 
Services 

355 W Commercial Cleaning Services Active 

Sketchley Retail 
Ltd 

377 SE Dry Cleaners Inactive 

Supasnaps 377 SE Photographic Processors Inactive 

London Boys 
Scrap Yards  

384 SE Car Breakers & Dismantlers Inactive 

Scrap Car Now 
Today  

396 SE Car Breakers & Dismantlers Inactive 

Advanced 
Diagnostic  

408 SE 
Scientific Apparatus & 
Instruments - Manufacturers 

Inactive 

Amalgamated 
Chartered  

408 SE Commercial Cleaning Services Inactive 

Snappy Snaps 438 SE Photographic Processors Inactive 

Welwyn Garden 
City Ltd 

482 S Car Body Repairs Inactive 

Mr Mop Office 
Cleaning  

495 SW Commercial Cleaning Services Active 

One fuel station has been recorded within 500m of the Site. This relates to the now 

obsolete Central Garage, located 430m south of the Site.  
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Two further fuel stations have been identified within 1km of the site, one relating to 

the Tesco Head Office, 820m northeast and the open Mfg Eastbridge 917m 

southeast.  
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6.0 GROUND INVESTIGATION  

6.1 Summary of Scope  

Ground investigation works were undertaken between the 1st November and 3rd 

December 2019. The completed investigation consisted of the following scope of 

work.  

• Service clearance using Ground Penetrating Radar and CAT Scanning and 

surveying using GPS of all exploratory locations.  

• Hand excavated inspection pits to a depth of 1.20m bgl at all exploratory hole 

locations.  

• 2No. Cable Percussive Boreholes to depths of 20.00m bgl (BH7) and 25.00m 

bgl (BH8) with Standard Penetration Testing (SPTs) and recovery of disturbed 

and undisturbed samples.  

• 9No. Windowless sample Boreholes to depths ranging between 3.00 and 

6.45m bgl with Standard Penetration Testing (SPTs) and recovery of disturbed 

samples.  

• Installation of 50mm diameter dual-purpose Groundwater and ground gas 

standpipe monitoring installations; and 

• 3No. ground gas monitoring and water sampling monitoring visits. 

Exploratory hole locations are indicated on Figure A115249 LDN-N-02-Exploratory 

Hole Location Plan.  

Factual information relating to the work is provided in Appendix D to I.  

Standards employed during the investigation were in general accordance with 

BS5930:2015.  
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6.2 Summary of Ground Conditions 

The encountered ground conditions compared well to those anticipated from 

published geological maps, and in summary comprised Made Ground, Superficial 

Deposits, localised Thanet Sand Formation and the White Chalk in deepening 

succession.   

A summary of strata depths and thicknesses is provided in Table 6.1. Detailed soil 

descriptions provided on the Engineering Logs included in Appendix D. 

Table 6.1 Summary of Strata Depths and Thicknesses  

Locati
on 

Topsoil / Surface 
Hardstanding 

Made Ground 
Lowestoft 
Formation 

Thanet Sand 
Formation 

White Chalk 

From             
(m bgl) 

Thickness 
(m) 

From           
(m bgl) 

Thickness 
(m) 

From           
(m bgl) 

Thickness 
(m) 

From           
(m bgl) 

Thicknes
s (m) 

From          
(m bgl) 

Thicknes
s (m) 

BH07 GL 0.20 0.20 1.30 1.50 11.70 
Not Present 

 
>13.00 7.00 

BH08 GL 0.20 0.20 0.50 0.70 15.80 
Not Present 

 
 

>16.30 8.70 

WS10 GL 0.27 0.27 0.32 1.26 0.95 2.21 >4.79 Not Encountered 

WS11 GL 0.29 0.29 1.00 1.29 >6.00 Not Encountered 

WS12 Not Present 0.00 1.26 1.26 >2.60 Not Encountered 

WS13 GL 0.05 0.05 1.35 1.4 >5.60 Not Encountered 

WS14 0.00 0.05 0.05 0.24 0.24 2.20 2.64 >2.36 Not Encountered 

WS15 0.00 0.11 0.11 0.27 0.38 3.00 3.00 >1.00 Not Encountered 

WS16 0.00 0.30 0.30 0.86 1.16 2.38 3.54 >3.40 Not Encountered 

WS17 0.00 0.19 Not Present 0.19 2.61 2.80 >3.65 Not Encountered 

WS18 GL 0.20 0.20 1.00 1.20 >3.00 Not Encountered 
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6.3 Topsoil / Surface Hard Standing  

Topsoil was encountered from ground level in most of the exploratory holes 

undertaken within areas of soft landscaping. The Topsoil varied in thickness 

between 0.05 and 0.30m and typically comprised dark brown sandy gravelly clay 

with rootlets.  

Surface hard standing was encountered at ground level in all exploratory holes 

drilled through the car park and comprised a 0.05 to 0.20m thick layer of bitumen 

bound macadam (asphalt). In the west of the site (BH07 and WS11) the asphalt 

overlay a localised 0.08m to 0.22m thick layer of concrete. The surfacing was noted 

to be in relatively good condition with no excessive cracking or wear noted.  

6.4 Made Ground 

With the exception of WS17 (located in the north of the site), which encountered 

Superficial Deposits below the Topsoil layer, the Made Ground was encountered in 

all exploratory hole locations.  

The deposit was variable in composition and comprised a 0.32 to 1.30m thick layer 

of both predominantly coarse and predominantly fine soils.  

With the exception of a fragment of fused ash encountered in the northeast of the 

carpark area, no significant visual or olfactory signs of contamination were 

identified.  

6.4.1 Made Ground - Coarse 

Predominantly coarse soils present below the surface hardstanding in the carpark 

area comprised a 0.20 to 0.50m thick layer of compacted sandy flint and limestone 

gravel with occasional brick fragments, which is considered typical of Type 1 road 

stone subbase layer. WS10 and WS11 (in the NW of the site) encountered a deeper 

0.31m to 0.58m thick layer of coarse soils below surface concrete. These soils were 

variable in composition and comprised brick fill and gravelly sand layers with glass 

and fused ash fragments.  
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6.4.2 Made Ground - Fine  

Predominantly fine soils were encountered below the coarse Made Ground at depths 

ranging between 0.20 and 0.60m bgl in the carpark, and where present, below the 

topsoil at depths ranging between 0.05 and 0.30m bgl in the landscaped areas.  

These fine soils varied in thickness between 0.40 and 1.26m and typically comprised 

yellowish/orangish brown to dark brown sandy gravelly clay. Gravel comprised flints 

and chalk with brick and concrete fragments. Anthropogenic materials (suggestive of 

Made Ground) were not encountered in BH07 and WS18, however signs of 

disturbance were noted, including the presence of chalk gravel, and therefore these 

soils have been classified as Made ground.  

6.5 Superficial Deposits - Lowestoft Formation 

Superficial Deposits (the Lowestoft Formation) were encountered below the Made 

Ground at depths of between 0.19 and 1.50m bgl in all the locations that penetrated 

the Made Ground. The deposit ranged in thickness between 0.95 and 15.80m bgl 

and the full thickness was not established in four locations (WS11, WS12, WS13 and 

WS18). However it was confirmed to be typically significantly thinner in the 

northeast of the site where the deposits were underlain by the Thanet Sand 

Formation.  

The deposit was variable in composition and typically comprised an upper 

predominantly fine soil horizon over a lower predominantly coarse soil horizon.    

6.5.1 Lowestoft Formation – Fine 

The upper predominantly fine Lowestoft Formation soil horizon was confirmed to be 

between 7.80 and 8.80m thick in BH07 and BH08 in the west of the site 

respectively.  

The deposit typically comprised firm to stiff (and locally soft at shallow levels), 

orangish brown / grey brown and reddish brown sandy gravelly clay. Gravel 

comprised sub-angular to rounded, fine to coarse flint and chalk. 
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6.5.2 Lowestoft Formation – Coarse  

Predominantly coarse soils were encountered as both discrete horizons occurring at 

shallow levels within the fine soils, and as a lower and more substantial soil horizon 

which was encountered at deeper levels within the cable percussive boreholes.   

The shallow, discrete coarse soil horizons typically comprised sandy gravels with 

subordinate flint gravel occurring within or overlying the predominantly fine soils in 

WS10, WS13, WS14 and WS17 measuring up to 1m thick. Gravels consisted of 

angular to rounded, fine to coarse and occasionally cobble size flint.  

The depth of these units varied between each location and are therefore assumed to 

represent discontinuous lenses of sands / gravels within the predominantly fine 

soils.   

The deeper cable percussive boreholes (BH7 and BH8) encountered a 1.6 to 6.8m 

thick layer of coarse soil overlying the White Chalk. It is considered likely that these 

lower deposits are closely associated with the underlying White Chalk, potentially 

forming from extensive weathering and wash out of fines at the surface of the 

chalk, the variable thickness of which are representative of the typical karstic chalk 

surface.  

These deeper soils comprised reddish brown sand / gravel and sandy gravel. Gravels 

comprised fine to coarse, angular to rounded flints, with the occasional nodular flint 

cobbles.  

6.6 Lambeth Group - Thanet Sand Formation 

Published BGS geological mapping shows encroachment of the Thanet Sand 

Formation (Lambeth Group) close to the north east site boundary. Localised soils 

resembling the Thanet Sand Formation in terms of composition were encountered in 

five locations (WS10, WS14, WS15, WS16 and WS17) within the north and eastern 

portion of the site at depths ranging from 2.21 to 3.54m bgl.  

All exploratory locations progressed into the Thanet Sand Formation were 

terminated within this unit. The composition of this formation comprised 

yellowish/orangish brown clayey fine sand or very sandy clay with occasional gravel 

lenses. 
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6.7 White Chalk  

The White Chalk was encountered in BH07 and BH08 at a depth of 13.00m bgl 

(87.75mAOD) and 16.30m bgl (82.75m AOD). The deposit persisted to the 

maximum depth of the investigation (25m bgl) and consequently the full thickness 

of the deposit was not established.   

From the engineer’s descriptions the borehole arisings have been described as 

creamy white structureless chalk composed of slightly gravely sandy silt. Gravel 

comprised weak fine to coarse chalk fragments with frequent black specks. 

The weathering grade of the chalk, as defined in CIRIA C5743 , was rendered 

difficult to determine due to the high level of disturbance of samples recovered 

during cable percussive drilling. However, based on tentative correlations with SPT N 

(see Section 7.7), and the materials recovered, it is considered likely that the chalk 

comprises Grade Dm (matrix dominated) structureless chalk.   

6.8 Groundwater 

Groundwater was not encountered in any of the exploratory holes during the ground 

investigation.  

6.9 Standard Penetration Testing (SPTs) 

SPTs were undertaken in all cable percussion boreholes and window samples. The 

results are presented on the exploratory hole logs included in Appendix D. 

6.10 Falling Head Tests 

Falling head tests were not carried out within the exploratory holes during the 

ground investigation. The rationale supporting the decision to omit falling head tests 

from the scope was based on the amount of water introduced to the boreholes 

during drilling. Between 100 and 200 litres of clean water was introduced into each 

borehole to facilitate drilling through the Lowestoft Formation and this water would 

fully permeate within 120 seconds. Based on this rapid permeation, indicative 

permeable characteristics can be assumed across the range of soil strata 

 

3 CIRIA C574 Engineering in Chalk  
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encountered, although it should be noted that shallow fine soils may have reduced 

permeability.  

6.11 Monitoring  

Dual Purpose land gas and groundwater monitoring standpipes were installed within 

some Windowless sample boreholes WS10, WS11, WS14, WS16, WS18 and in both 

Cable Percussion boreholes (BH07 and BH08). Installations were constructed using 

slotted 50mm diameter HDPE standpipe with 325micron filter wrap and 10mm pea-

shingle surround. Response zone depths were designed upon the completion of 

each borehole and are summarised in Table 6.2. 

Three return monitoring visits were carried out during the period December 2019 to 

January 2020.  

Groundwater depths recorded during each visit are summarised in Table 6.2 and a 

detailed record of ground water monitoring in included in Appendix E. 

Table 6.2 Summary of Borehole Installation Depths and Groundwater Monitoring 

Location ID 
Response Top 

(m bgl) 

Response Base 
(m bgl) 

Water Depth 
Round 1   

06.12.2019 

(m bgl) 

Water Depth 
Round 2   

13.12.2019 

(m bgl) 

Water Depth 
Round 3   

20.12.2019 

(m bgl) 

WS10 1.00 2.00 Dry Dry Dry 

WS11 1.00  3.00 Dry Dry Dry 

WS14 1.00 3.00 Dry Dry 2.72 

WS16 1.00 6.00 Dry Dry Dry 

WS18 1.00 6.00 Dry Dry Dry 

BH07 13.50 19.50 18.53 18.54 18.84 

BH08 10.00 16.00 Dry 15.93 15.87 

Table 6.3 Summary of Measured Land Gas & Vapour Concentrations  
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Date of 
Monitoring 

Methane 
Concentration (% by 
Vol.) 

Carbon Dioxide 
Concentration (% by 
Vol.) 

Carbon Monoxide 
Concentration (ppm) 

Atmospheric 
Pressure 
Trend 

Max. Min. Mean Max. Min. Mean Max. Min. Mean 

06/12/2019 0.10 <0.01 0.03 9.00 4.00 6.21 7.00 <1 1.43 Falling 

13/12/2019 0.20 0.10 0.11 11.6 3.00 6.85 4.00 <1 0.71 Rising 

20/12/2019 0.30 0.30 0.30 10.4 2.60 2.34 2.00 <1 0.29 Falling 

Land gases including methane, carbon dioxide, oxygen, carbon monoxide and 

hydrogen sulphide were measured during three monitoring rounds using a GA5000 

infra-red land gas analyser.  All land gas monitoring results to date are presented in 

Appendix E and summarised in Table 6.3.  

Atmospheric pressure ranged between 969 to 997 mbar during the monitoring 

rounds which were generally conducted during falling pressure on the first 

monitoring visit (6th December 2019), rising pressure on the second monitoring visit 

(13th December 2019) and falling pressure on the third monitoring visit (07th January 

2020). 

6.12 Geotechnical Laboratory Analysis 

Laboratory geotechnical testing was scheduled by WYG and carried out by PSL in 

accordance with their UKAS accreditation as summarised in Table 6.4. Results and 

laboratory test certificates are provided in Appendix G. 

Table 6.4 Summary of Laboratory Geotechnical Testing 

Test Standard No. 

Moisture Content BS1377: Part 2: Clause 3.2: 1990 15 

Liquid and Plastic Limits of soil BS1377: Part 2: Clauses 4.4, 5.3 & 5.4: 1990 11 

Particle Size Distribution  BS1377: Part 2: Clause 9.2: 1990 9 

Dry Density and Saturation 
Moisture Content  

BS1377: Part 2: Clause 7.3: 1990 2 
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Quick Undrained Triaxial BS1377: Part 2: Clause 8.1: 1990 9 

Point Load ISRM: 2007  0* 

pH /SO4 BRE SD1  4 

Chemical Testing Standard No. 

BRE SD1 Suite  BRE SD1, BS1377: Part 3: 1990 4 

Organic Matter Content  BS 1377-3:1990 3 

 * Samples were found unsuitable to carry out testing 

6.13 Chemical Laboratory Analysis 

The environmental chemistry of the soil samples was investigated by specialist 

chemical analysis of selected samples, scheduled by WYG, and carried out by ALS 

Laboratories (ALS) as summarised in Table 6.5.  

The suite of testing undertaken was selected to address contaminants commonly 

occurring on brown field sites and light industrial historical activities.  

ALS are an approved supplier in accordance with the requirements of WYG quality 

system and are themselves UKAS and MCERTS accredited for a range of chemical 

analyses. 

Samples were submitted to the laboratory in six batches during the investigation 

works. Results and laboratory test certificates are provided in Appendix G.  

Table 6.5 Summary of Laboratory Environmental Testing 

 

 

 

 

 

 

 

Test Suite  Determinants  No. Scheduled  

WYG Soil Suite B  

Arsenic, Boron Cadmium, Chromium (total & 
hexavalent), Copper, Lead, Mercury, Nickel, 
Selenium, Zinc, Cyanide (free & total), PAH by 
GCMS, Total Organic Carbon, pH and Asbestos 
(screen), Phenols by HPLC and BTEX, TPH 
CWG. 

12 
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7.0 GROUND MODEL AND GEOTECHNICAL PARAMETERS 

7.1 Summary Ground Model  

In summary, the following sequence of strata is characteristic of the overall site 

ground model; 

• 1.5m thick Hard Standing / Topsoil / Made Ground; 

• Variable thickness of Fine Superficial Deposits; 

• Variable thickness of Coarse Superficial Deposits; 

• Localised Thanet Sand Formation (North East areas of the Site); 

• >15m thick Structureless Grade Dm White Chalk.  

No groundwater was encountered during the investigation. 

Full descriptions of the soils encountered are provided on the engineering logs with 

commentary provided in Section 6.0.  

7.2 Soil Properties  

The ranges of the various soil properties measured via in situ and laboratory testing 

are summarised in the following sections. Where characteristic values are provided, 

these are reasonably conservative estimates of a measured or assessed property, 

usually based on the lower quartile or average value that may be used to represent 

the overall behaviour of the material. 

7.3 Made Ground 

The Made Ground was variable and comprised both predominantly coarse and fine 

soils. A coarse 0.20 to 0.50m thick subbase layer was typically present below the 

hardstanding carpark areas. However, these were underlain by 0.20 to 0.60m of 

disturbed fine soils which occurred from ground level in the landscaped areas. In 

general, there was no other obvious lateral or vertical continuity across the site in 

terms of composition and these soils are therefore deemed to be uncharacterisable.   

7.4 Fine Superficial Deposits (Lowestoft Formation) 

Particle size distribution (PSD) testing undertaken on a selection of samples of fine 

Superficial Deposits has confirmed the engineer’s description of the soils as 
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predominantly fine (clay and silt) with occasional horizons of predominantly coarse 

soils as indicated on the engineering logs (Appendix D). A summary of PSD tests is 

provided in Table 7.1. 

Table 7.1 Summary of Particle Size Distribution Testing Fine Superficial Deposits  

Range Min – Max (%) 

Clay/Silt Sand Gravel Cobbles 

74 - 89 10 - 18 0 - 8 0 

Atterberg limits, including estimates of material properties ref 4 obtained using 

published correlations were determined on 11 samples of Fine Superficial Deposits 

as summarised in Table 7.2.  

Table 7.2 Summary of laboratory test results for the Fine Superficial Deposits 

 
Range 

(min-max) 
Average 

Lower 
quartile 

Upper 
quartile 

Characteristic 

Moisture Content (%) 15 - 30 19.62 17.5 21 17 

Liquid Limit (LL) 34 - 44 39.09 37 42 37 

Plastic Limit (PL) 17 - 25 19.55 18 21 18 

Plasticity Index (PI) 11 - 23 19.55 19 22 19 

Modified PI (PI’) 8.2 – 21.56 17.11 16.56 19.8 16 

’ ()* 22.3 - 26.1 23.4 23.5 22.6 23 

The characteristic properties indicated in Table 7.2 correspond to fine soils of 

intermediate plasticity and low volume change potential. 

 

4 Based on correlations provided in BS8002: 2015 Code of Practice for Earth Retaining Structures 
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The range of SPT N obtained from the Fine Superficial Deposits is plotted against 

depth in Figure 3 and this chart demonstrates a clear increase in both SPT N derived 

undrained shear strength (Cu) ref 5 and laboratory determined Cu with depth.  

It is noted that the ground conditions were not conducive to the recovery of 

undisturbed samples and quick undrained assessment of remoulded samples has 

been undertaken in their absence. Therefore, laboratory determined CU is likely to 

be conservative, and the weighting apportioned to laboratory Cu in the derivation of 

characteristic Cu parameters has been reduced.    

A best fit linear relationship has therefore been used to derive characteristic Cu as 

indicated in Table 7.3.  

Table 7.3 Summary of SPT N and Cu - Fine Superficial Deposits  

 
No. of 
results 

Range 
(min-max) 

Average 
Lower 

Quartile 
Characteristic Cu 

vs depth 

SPT N x 4.5 (kPa)  51 30 - >250 107.15 63 

 Depth(m)/0.0309 

Cu (kPa)  9 44-165 92 68 

7.5 Coarse Superficial Deposits (Lowestoft Formation) 

Particle size distribution (PSD) testing undertaken on a selection of samples of 

Coarse Superficial Deposits has confirmed the engineer’s description of the soils as 

predominantly coarse (sand and flint gravel) with occasional horizons of 

predominantly fine soils as indicated on the engineering logs (Appendix D). A 

summary of PSD tests is provided in Table 7.4. 

Table 7.4 Summary of Particle Size Distribution Testing Coarse Superficial Deposits  

Range Min – Max (%) 

Clay/Silt Sand Gravel Cobbles 

0 - 37 12 - 80 8 - 69 0 

 

5 Stroud and Butler, The Standard Penetration Test and the Engineering Properties of Glacial Materials, 1975  
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The range and variation of SPT N obtained from Coarse Superficial Deposits is 

summarised in Table 7.5. The lower SPT N values recorded in the deeper levels of 

this horizon often correspond to the boundary between the Lowestoft Formation and 

the highly weathered White Chalk. These lower values have therefore not been 

considered in the characterisation of these soils, which overall, based on correlation 

with SPT N, are medium dense to dense. However this contrast zone helps to 

illustrate the significant change of parameters occurring at this boundary. Table 7.5 

also includes characteristic estimates of the angle of shearing resistance () based 

on the correlation by Peck, Hanson and Thornburn ref 6.  

Table 7.5 SPT N values Coarse Superficial Deposits  

 
No. of 
results 

SPT N 
Range 

(min-max) 

SPT N 
Average 

SPT N 
Lower 

Quartile 

Characteristic 
Value* 

SPT N  

9 

19 - >50 40.44 31.5 31 

 ()7 32.8 - >41.0 38.8 36.5 36 

 

7.6 Thanet Sand Formation  

Particle size distribution (PSD) testing undertaken on two samples of the Thanet 

Sand Formation has confirmed the engineer’s description of variable soils comprising 

predominantly coarse (clayey sand) in WS10 and fine (sandy clay). A summary of 

PSD tests is provided in Table 7.6. 

Table 7.6 Summary of Particle Size Distribution Testing Thanet Sand Formation  

Min – Max (%) 

Clay/Silt Sand Gravel Cobbles 

12 - 87 13 - 80 0 - 8 0 

The range and variation of SPT N and derived characteristics of both fine and coarse 

Thanet Sand Formation soils is summarised in Table 7.7. SPT N values correlations 

 

6 Foundation Engineering, 2nd Edition. Ralph B. Peck, Walter E. Hanson, Thomas H. Thornburn. 1974 
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and laboratory determined Cu have compared well with the engineer’s description of 

dense to very dense coarse soils and stiff consistency fine soils.  

Table 7.7 SPT N values Thanet Sand Formation 

 
No. of 
results 

SPT N 
Range 

(min-max) 

SPT N 
Average 

SPT N 
Lower 

Quartile 

Characteristic 
Value* 

SPT N  

17 

14 - >50 34.11 26.5 26 

 ()7 31.3 - >41.0 37.2 35.1 35 

Cu Based on Cu = SPT N * 5 175kPa 

Classification testing undertaken on a single sample of the fine Thanet Sand 

Formation determined the following; LL 42%, PL 20%, PI 22% and PI’% 20.60 

indicated intermediate plasticity soil of a medium volume change potential.  

7.7 White Chalk 

The cable percussive boreholes have confirmed that the depth to the White Chalk 

varies within 60m between 13.00m bgl (87.75mAOD) in BH07 and 16.30m bgl 

(82.75m AOD). This emphasises the stratums undulating profile which is considered 

typical of the White Chalk. This profile is also associated with variable degrees of 

weathering to variable depths and therefore a detailed characterisation of the White 

Chalk is hindered by this limited preliminary scope of work.   

Given the parameters of the overlying coarse soils which display a typically high 

relative density, and the relatively low strength of the chalk, this variable depth will 

need to be a key consideration for the ground model and the development of the 

design of deep sub structures such as piles  

From inspection of the recovered highly disturbed soils the White chalk was 

confirmed to be relatively uniform in composition (Section 6.7). The general absence 

of flint is considered important in characterisation as flint horizons can exaggerate 

SPT N values obtained within a weak chalk matrix. Table 7.8 summarises the range 

of SPT N values obtained from the White Chalk and it is emphasised that no obvious 

vertical trend in SPT N value was discernible.  
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Table 7.8 Summary of SPT N White Chalk  

 
No. of 

results 
Range (min-

max) 
Average 

Lower 

Quartile 
Characteristic 

Value* 

SPT N  11 4 – 18 11.37 9 9 
 

Point load index (on recovered chalk gravel), intact dry density and saturation 

moisture content were determined on 2 samples of White Chalk as summarised in 

Table 7.9.  

Table 7.9. Summary of Laboratory Assessment - White Chalk  

 
Range  

(min-max) 
Average 

Characteristic 
value 

Moisture Content (%) 27 - 32 29.5 29 
 

Dry Density (Mg/m3) 1.46 – 1.51 1.49 1.49 

Saturated Moisture Content (%) 29 -31 30 30 

From the in-situ testing, laboratory assessment and engineers’ descriptions the chalk 

grade, in accordance with CIRIA C574 is confirmed to be low density Grade Dm 

throughout the depths investigated.   

7.8 Concrete Classification  

Chemical tests were undertaken on 10 representative samples from the top 6.00m 

to determine corresponding Design Sulfate Class (DS), as defined in BRE SD1ref 7 and 

the Aggressive Chemical Environment for Concrete (ACEC) is summarised in Table 

7.10.   

 

 

 

 

7 BRE Special Digest I Concrete in aggressive ground (SD1: 2005) 
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Table 7.10 Summary of Chemical Analysis 

Range (min – max) 

Acid Soluble Sulfate 
as % SO4 

Aqueous Extract 
Sulfate as mg/l SO4 

pH Total Sulfur % 

0.0195– 0.0327 9.3 – 55.1 4.58 - 7.8 0.0032-0.0131 

 

The Design Sulfate class is well within the range of DS1 and the pH range of 

corresponds to an ACEC class within the AC-1s range which would assume a static 

water condition.  

It is noted that the groundwater levels where beyond the depth investigated, 

however deeper proposed sub structures such as piles may need to consider 

conditions below the groundwater table where low pH conditions in mobile 

groundwater would need to be reviewed in line with BRE SD1.   
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8.0 CONCEPTUAL SITE MODEL AND QUALITATIVE RISK 

ASSESSMENT 

8.1 Introduction 

Under the current UK environmental legislation (Environment Act 1995, Water 

Resources Act 1994, Environmental Protection Act 1990 (as amended), Health and 

Safety at Work Act 1994, Town and Country Planning Act 1990 and Building 

Regulations 1985), land is defined as contaminated if there is a significant 'pollutant 

linkage'. This requires evidence of the presence of a contaminant “source”, a 

“pathway” through which contaminants could travel, and a “receptor” that could be 

harmed by the contaminant. In addition, the type of receptor and any harm must 

meet the descriptions of significant harm given in the statutory guidance. A site 

where a contaminant is causing, or is likely to cause, significant pollution of 

controlled waters also constitutes contaminated land.  

This section of the report presents a Conceptual Site Model (CSM), which includes a 

qualitative assessment of environmental risks associated with each of the pollutant 

linkages identified. The tabulated and illustrated CSM is provided in Appendix C.  

The qualitative risk assessment is achieved by classifying the likely significance or 

severity of the risk and the probability of the risk actually occurring, to determine an 

overall risk for that particular pollutant linkage. The assessment has been 

undertaken with cognisance of: 

• The nature, volume and extent of any identified contamination source; 

• The potential pathways;  

• Identified primary receptors; and 

• Due regard to the current site status and potential future site redevelopment. 

8.2 Ground Contamination Tier 1 Screening Assessment 

The objective of the Tier 1 Screening Assessment presented herein is to identify the 

chemical constituents analysed which might potentially pose unacceptable levels of 

risk to sensitive on-site and off-site receptors.  Measured concentrations in soil have 

been compared with various sets of Tier 1 Screening Values (TSVs).  Where 

measured concentrations exceed these levels, this does not necessarily indicate a 
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requirement for remediation; it can however, be the trigger for the undertaking of a 

more detailed quantitative assessment in accordance with the current UK tiered risk 

assessment framework.  

8.2.1 Human Health  

Soils 

In March 2014, DEFRA published the ‘C4SLs’ within the ‘Policy Companion 

Document: Development of Category 4 Screening Levels for Assessment of Land 

Affected by Contamination’ (SP1010).  The purpose of the C4SLs is to identify a 

concentration in soil indicative of Category 4 status as defined by Part 2a Statutory 

Guidance8 on the definition of contaminated land.  In September 2014, further 

clarification was published in a letter from Lord DeMauley to Local Authorities 

instructing them to use C4SLs in planning.  Where available C4SLs have been used 

as the preferred choice of screening criteria.  

For those constituents where no C4SL has been published by the EA / DEFRA, WYG 

have screened soil against Suitable for Use Levels (S4ULs)9.   

For the purposes of this risk assessment human health criteria for soils applicable to 

a residential end use have been used in order to screen the site data. This is 

considered conservative in the context of the proposed carpark area, which will 

retain a hardstand barrier between potential source and human receptors, however 

it is considered appropriate where continued use of landscaped and soft verge areas 

will present exposure pathways to the public.   

A number of TSVs are dependent on the Soil Organic Matter (SOM) content, and as 

such TSVs are typically calculated for a SOM of 1%, 2.5% and 6%. SOM of 1.57% 

was calculated for samples taken from the topsoil and a mean SOM of 0.72% was 

calculated for samples taken in superficial deposits. For this reason, GACs 

corresponding to a SOM of 1% have been used for the screening of the samples.   

 

8 Published by DEFRA in 2012 the guidance defines four categories of Category 4 is considered the least contaminated; “there 

is no risk or that the level of risk posed is low” 

9 Nathaniel C.P., McCaffrey, C., Gillet, A.G., Ogden R.C., and Nathaniel, J.F. 2015. The LQM/CIEH S4ULs for Human Health Risk 

Assessment  
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8.2.2 Tier 1 – Soil Screening 

12No. soil samples obtained from the near surface materials on site were submitted 

for chemical laboratory analysis. Full copies of laboratory certificates for all soil 

analysis are included as Appendix H and these results have been screened against 

the values detailed in Table 8.1.   

Based on the proposed end land use for the development the most appropriate 

screening criteria defined as Residential without plant uptake and a 1% Soil Organic 

Matter content.  

Table 8.1 below summarises the determinands present in the soil samples which 

exceed their respective screening criteria. 

Table 8.1 Soil Screening Results 

Contaminant Units GAC 
No. 

Samples 
No. > 
GAC 

Exceedance 
Concentration 

Location and 
depth (m bgl)of 

exceedance 

pH  <5, >9 17 4 

4.58 

4.89 

4.91 

4.73 

WS10 (1.2) 

WS11 (0.7e) 

WS17 (0.2-0.3) 

WS18 (0.7) 

Beryllium mg/kg 1.7 17 1 1.83 WS11 (0.7) 

No further exceedances to GAC 

8.2.3 Asbestos Screening 

12No. samples were analysed for the presence of asbestos comprising samples from 

a range of depths. Potential Asbestos Containing Materials (ACMs) were not 

identified in any sample. 

8.2.4 Controlled Waters Reference Criteria 

The superficial geology is classified by the Environment Agency (EA) as a Secondary 

Undifferentiated Aquifer whilst the underlying bedrock is defined as a Principal 

Aquifer. The nearest groundwater abstraction permit exists 474m east of the site, 
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relating to Rank Xerox Ltd, allowing abstraction for industrial processing. The site is 

located within a groundwater Source Protection Zone III.  

Groundwater was not encountered during the investigation and therefore no 

groundwater samples were collected and submitted for laboratory analysis. It is also 

noted that soil screening confirmed limited evidence of contamination sources within 

the soils overlying the aquifer (Section 8.2.1), and therefore no further laboratory 

assessment of the potential for mobilisation of any contamination encountered (e.g. 

via leachate assessment) has been undertaken.  
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9.0 GROUND GAS ASSESSMENT 

9.1 Introduction 

Three return visits to the site were made on the 06th December 2019, 13th 

December 2019 and 07th January 2020 to undertake land gas monitoring.  

A full factual record of the monitoring visits is presented in Section 6.11 and Appendix 

E. 

9.2 Potential Sources 

Based on the information obtained as part of the desk study assessment and the 

findings of the site investigation three potential sources of soil gas have been 

identified on the site and in the surrounding areas.    

As such the potential sources of soil gas are considered to be: 

• Made Ground; 

• And the underlying White Chalk outgassing via dissolution processes. 

9.3 Data Summary 

Table 9.1 summarises the minimum and maximum soil gas concentrations and flows 

obtained during the three monitoring visits. Using the CIRIA C665 guidance on 

Ground Gas the greatest flow rate and greatest concentrations of ground gases are 

combined to reflect a worst-case scenario. The ranges of concentrations at each 

location do not necessarily correspond to the same monitoring date but represent 

the maximum readings across the monitoring programme to allow an assessment 

the gas concentrations on a worst case scenario basis. 
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Table 9.1 Summary of Maximum Monitored Ground Gas Concentrations  

Location 

Atmos-
pheric 

Pressure 
(m bar) 

Max 
CH4 

(peak) 
(% vol) 

Max 
CO2 

(peak) 
(% vol) 

Min O2 
(steady) 
(% vol) 

Max CO 
(steady) 
(ppm) 

Max H2S 
(steady) 
(ppm) 

Max BH 
flow 

(peak) 
(l/h) 

WS10 1012 0.3 7.6 13.2 <1 <1 0.2 

WS11 1012 0.3 9.6 3.3 <1 <1 0.2 

WS14 1012 0.3 11.6 9.7 <1 <1 0.4 

WS16 1014 0.3 7.6 17.5 <1 <1 0.3 

WS18 1012 0.3 7.8 15.0 <1 <1 0.3 

BH07 1011 0.3 6.2 3.9 4.0 <1 0.7 

BH08 1012 0.3 6.3 13.6 7.0 0.0 -1.3 

9.4 Ground Gas Risk Assessment Methodology 

The key reference documents which have been used to undertake the semi-

quantitative land gas assessment presented in this report are as follows; 

• BS 8485 (2015) Code of Practice for the design of protective measures for 

methane and carbon dioxide ground gases for new buildings; and 

• CIRIA C665 (2007) Assessing risks posed by hazardous ground gases to 

buildings.   

These documents provide a framework for assessment of land gas risk to 

buildings/structures with a range of foundation designs.  The collected data has 

been used for the purposes of undertaking a semi-quantitative assessment in 

accordance with BS8485 methodology, a worst-case assessment has been 

undertaken with the peak soil gas concentrations recorded during all the monitoring 

visits used in conjunction with the maximum flow rate.   

The calculation used to calculate the borehole hazardous gas flow rate for the site, 

together with the relevant definition of units, is as follows: 
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GSV = flow rate x gas concentration 

Qhg = q x Chg 

(litres of gas/hr)  (litres per hour)  (volume/100) 

 

9.5 Ground Gas Risk Assessment  

Based on the maximum flow recorded of 1.3 l/h and the maximum concentrations of 

methane and carbon dioxide recorded during the soil gas monitoring the following 

Hazardous Gas Flow Rates have been calculated (Table 9.2).  

 Table 9.2 GSV Calculation  

Type 
Maximum 

Concentration (%)  
Maximum Flow 

Rate (l/hr) 
Qhg (l/hr) 

Characteristic 
Situation 

Methane 0.3 1.3 0.0039 CS1 (Very Low Risk) 

Carbon Dioxide 11.6 1.3 0.1508 CS2 (Low Risk) 

Based on this initial risk assessment the site is considered to be representative of 

Characteristic Situation 2 (Low Risk). 

9.6 Summary  

Ground gas monitoring indicates the presence of elevated concentrations of carbon 

dioxide, up to a maximum concentration of 11.6% v/v. Only minimal flow rates have 

been recorded (-1.3 l/hr).  

Elevated CO2 levels were also recorded in the deep installation within the White 

Chalk (BH07) suggesting that the White Chalk is a CO2 source and that high levels 

recorded at shallower levels within Made Ground have a natural origin, which is also 

suggestive of a hydraulic continuity between these materials.    

The resultant GSV calculations indicate the site is representative of Characteristic 

Situation 2, and therefore in the event that buildings are proposed within the 

development, ground gas protection measures in line with the CS2 classification are 

likely to be required.   
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10.0 CONCEPTUAL SITE MODEL  

10.1 Introduction 

A preliminary conceptual site model (CSM) and qualitative risk assessment was 

provided as part of the WYG Desk Study Report10. Updates to the CSM and risk 

assessment of potential contamination linkages to receptors made based on the 

intrusive site investigation works, monitoring and laboratory assessment are 

discussed as follows.  

10.2 Summary of Potential Ground Contamination Risk 

Based on the review of the available information and ground investigation results, the 

following potential sources have been identified pertaining to the site. 

10.2.1 On-site Sources 

The only confirmed source of onsite contamination is the Made Ground within which 

a single minor exceedance of beryllium was encountered (WS11) and soils have 

been established to be slightly acidic in localised area of the site. The soils generally 

showed limited significant visual / olfactory evidence of contamination.  

Low pH occurred in 4No. locations but is not considered to present a significant risk 

to human health as it is only marginally below the general acceptance criteria. After 

prolonged contact with soils the slightly acidic conditions could cause skin irritation, 

and the low pH has also been considered in the context of the aggressive chemical 

conditions for concrete (Section 7.8).  

The slight exceedance of Beryllium presents a potential risk in the form of contact, 

ingestion and primarily dust exposure, which although considered low given the 

marginal exceedance, does raise the potential of further and more significant 

localised contamination occurring. It is also noted that although exploratory holes 

were positioned along the route of the rail siding indicated on historic maps (WS10 

and WS18), there was no obvious evidence of the remnants of the railway 

 

10 WGC Campus West DTS V1 (November 2019) 
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encountered. Further investigation would be required to confidently confirm the 

presence / absence of any localised impact from historic activities.  

10.2.2 Off-site Sources 

Offsite sources can influence on-site soil and groundwater quality in addition to ground 

gases affecting the site, if a viable pathway is present. Potential contaminative sources 

offsite include the following: 

• The adjacent major roads which run next to the site have the potential to 

have impacted the ground through the introduction of imported soil, or for 

soils/waters to have been directly impacted from spills on the road. 

• The adjacent railway line which historically used asbestos in buildings and 

infrastructure, imported soils, and fused ash removed from furnaces which 

can include heavy metals and hydrocarbons.  

• Other off-site sources of contamination include the electric power station 

identified to the southeast of the site, the industrial units to the northeast, 

the sewage works to the east, and the brick works to the northwest which 

are all associated with a wide range of contaminants. 

• Numerous recorded waste facilities in the areas surrounding the site. 

The absence of obvious significant visual / olfactory evidence of contamination 

during the investigation and the limited exceedance of GAC during tier 1 screening 

for contaminants typically associated with the above suggests limited potential for 

impact to the site from the above sources.    

10.3 Risk Pathways 

Key environmental pathways and exposure routes by which potentially contaminative 

substances can reach environmental and human health receptors are considered to 

be: 

• Lateral and vertical transport of potentially mobile contaminants as dissolved 

phase (i.e. leaching through unsaturated strata or lateral transport through 

advective groundwater flow and/or diffusion which can be facilitated via 

service ducts and drainage infrastructure). 
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• Lateral/vertical transport of liquid products (i.e. under gravity via path of least 

resistance); 

• Lateral and vertical migration of gases/vapours via advective flow or through 

diffusion; 

• Atmospheric transport (and potential inhalation) of airborne dusts, vapours 

and fibres; 

• Surface run-off; 

• Chemical attack from aggressive contaminants; 

• Dermal contact and ingestion of soil and soil derived dust; and 

• Plant uptake. 

10.4 Receptors 

The following are considered to be sensitive receptors: 

Human Health Receptors: 

• Current Site Users ; 

• Construction Workers; 

• Future Site Users; 

• Adjacent land Users (commercial, residential, industrial); 

• Groundwater (Principal and Secondary Aquifers);  

• Surface waters (including a stream located 180m E of the site);  

• Building materials (concrete foundations and potable water pipes); and 

• Soft Landscaping (areas of planting – trees and shrubs). 

Appendix C sets out the Qualitative Risk Assessment methodology used to determine 

the risks levels discussed as follows and summarised in Table C.4 (Appendix C).  

10.4.1 Current Site Users  

The site currently comprises public and commercial buildings, roads, pavements, 

carparks with associated managed soft landscaped areas. Much of the site is 

covered with hardstanding providing a barrier to contact with the underlying Made 
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Ground. Pathways for direct contact with Made Ground exist in the soft landscaped 

areas. Therefore, a Low (unlikely and mild consequence event) risk has been 

identified on site from the limited Made Ground source. This is locally upgraded to 

Low to Moderate in areas of managed soft landscaping. 

10.4.2 Future Site Users  

Although detailed development plans are not available at the time of this 

assessment, likely proposed Future site users could include car park users and 

pedestrians in the paved and landscaped areas residents, managed soft landscaping 

and workers. Only limited potential for areas of contaminated Made Ground and 

historic contaminant sources have been identified, and it was found that there were 

elevated levels of CO2 in the ground from ground gas assessments. This, however, 

is expected to be from the underlying chalk rather than anthropogenic sources (see 

Section 9). 

Following intrusive investigation and monitoring, no significant sources of 

contamination have been identified underlying the site and it is appropriate to 

reduce the risk rating from Moderate in the preliminary assessment, to Low 

(unlikely and mild consequence event) with the assumption that much of the hard 

stand covering is likely to remain.  This is locally upgraded to Low to Moderate in 

areas of managed soft landscaping and this risk can be managed through the 

importation of adequate Topsoil in landscaped areas.  Additionally, the remaining 

factors of concern, such as the elevated CO2 levels have been assumed to be 

mitigated through appropriate design of the proposed car park to current standards 

of ventilation to deal with exhaust fumes, which will also deal with landgases. 

10.4.3 Construction Site Workers 

Limited evidence of contamination sources associated with Made Ground and 

historic industrial activity has been identified on site, however residual risks would 

still require mitigation during groundworks, where contractors have the potential to 

be exposed to contaminated soils (including potential asbestos).  

Potential exposure to contamination could occur through dermal contact, inhalation 

and ingestion of soil / dust / fibres (e.g. dermal contact with low pH soils and 

inhalation of Beryllium dust). Construction workers (including groundworks 
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contractors) are also potentially at risk of exposure to ground gases, and the 

potential for hazardous accumulation of gases within excavations should be 

considered. No significant sources of contamination were identified during the site 

investigation and the monitoring rounds only identified elevated concentrations of 

CO2 which may be occurring naturally as a result of chalk dissolution in the ground.  

Any potential exposure to contamination by groundworkers at the site is likely to be 

of relatively short duration and exposure can be mitigated through implementation 

of controls, e.g. the implementation of a Construction Environmental Management 

Plan, including Personal Protective Equipment (including gloves). As a result of these 

factors, it is considered appropriate to reduce the risk rating to Low to Moderate. 

10.4.4 Adjacent Land Users 

Immediately adjacent land use is primarily residential (west), commercial (east) with 

landscaped / wooded areas to the north and south. Based on the limited potential 

for transportation pathways to be present, the risk posed by the site to adjacent 

land users is considered to be Low (unlikely probability of medium consequence 

event).   

The depth, flow direction and baseline condition of the ground water has not been 

established, however residual risks are largely mitigated by the anticipated depth of 

the groundwater (>20m bgl), and the presence of a fine soil layer which limits 

hydraulic continuity. These conditions are likely to continue beyond the site 

boundary into the immediate surrounds, limiting the risk of exposure.  

Note that potential risk of harm to health is perceived as rising to Moderate during 

any future groundworks undertaken as part of site redevelopment due to the 

potential for dust generation and transport of contaminants as windblown dusts 

(e.g. Beryllium)  / fibres particularly if extensive groundworks are required. It should 

be possible however to mitigate against these risks by development and 

implementation of appropriate working strategies and employing relatively basic 

mitigation measures (dust suppression, stockpile management, boundary 

monitoring). 
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10.4.5 Groundwater 

Referring specifically to the Superficial Deposits and White Chalk, the Site overlies 

Secondary A and Principal Aquifers within a Source Protection Zone. These aquifers 

were identified as sensitive receptors and were therefore considered to be key 

targets of the scoped intrusive investigations. However, the groundwater proved to 

be below the limits of the investigation (greater than 25m bgl) and therefore the 

chemical quality could not be assessed to confirm its quality and whether there has 

been any historic impact from mobilised contamination.   

Notwithstanding the above, only limited potential for contamination sources has 

been identified by laboratory analysis of the soil samples, and this potential is 

confined to the Made Ground. Furthermore, pathways to the underlying aquifers are 

limited by the presence of a layer of low permeability Superficial Deposits and the 

extent of the separation layer between the Made Ground and the aquifers.   

Therefore, the residual risk is considered to be Moderate (Unlikely but of a severe 

consequence). This conservative classification is cognisant of the groundwater depth 

which was beyond the scoped depth of the investigation, preventing the recovery of 

groundwater samples and associated laboratory assessment which has resulted in a 

relatively high degree of uncertainty. 

10.4.6 Surface Water 

It has not been confirmed whether the nearest surface water feature (located 180m 

E of the site) is covered, i.e. within a culvert or closed drainage system or remains 

an open watercourse. Either way, due to the fall in level between the Site and the 

railway cutting to the north, and the potential connectivity between the carpark 

storm drain infrastructure and the local watercourses, the risk to surface waters is 

considered to be Low to Moderate (Likely and medium consequence event) and is 

largely dependent on a well maintained and adequate drainage interceptor system 

to contain flows of storm water potentially picking up  fuel / oil spills and dust 

washed from the hardstand areas of the carpark.  

10.4.7 Building Materials and Services 

Building materials in the form of concrete, such as foundations, and services such as 

potable water pipes may be subject to chemical attack and degradation from 
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contaminants within near surface soils (aggressive ground), although this is 

considered unlikely due to the limited evidence of contamination encountered 

Characteristic parameters for concrete design are discussed further in Section 12.7.  

The risk to building materials is therefore considered to be Low to Moderate (low 

likelihood of a mild consequence event) based on slightly acidic soil conditions 

having the potential to degrade services. 

10.4.8 Soft Landscaping 

Trees and shrubs may be affected by phytotoxic contaminants within near surface 

soils, however there is considered to be limited potential for contaminant sources to 

be present at the site, and no obvious visual signs of stress to vegetation was noted. 

Therefore, the risk to soft landscaping across most of the site is considered to be 

Low (low probability of a mild consequence event), providing phytotoxicity of soils 

is considered for future planting and a suitable growing medium / topsoil is provided 

where required.   
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11.0 GEOTECHNICAL CONSIDERATIONS  

11.1 Proposed Development 

At the time of compilation of this report (during January 2020), the scheme was at 

concept stage, the details of which were not available, however it was understood 

that proposals included the development of a decked, two-storey carpark in the 

existing carpark area with retention of the existing buildings and landscaped areas.   

11.2 Chalk Dissolution Features 

A key consideration for the selection of foundation types adopted for future large-

scale development relates to the potential for weathering features within the White 

Chalk which could affect the stability of the soils underlying foundations. 

A risk assessment indicates that the site has a High risk of chalk dissolution feature 

related metastability and subsidence (Section 3.2).  

With respect to the ground conditions encountered during the investigation, the 

depth to the surface of the chalk has been confirmed to be of variable depth and in 

excess of 13.0m bgl in some areas. This variable depth is considered typical of 

karstic type environments where possible dissolution features, characterised by 

bedrock depressions, have been identified by the limited deeper investigation 

information.  

CIRIA C574 draws attention to the fact that dissolution of the chalk can cause zones 

of metastability within the chalk and the overlying superficial deposits, particularly 

when concentrated groundwater flows are also present.  

It is however noted that groundwater was not encountered during the investigation 

and although the White Chalk surface was variable and displayed variable 

geotechnical properties, this variance and potential voiding was confined to deeper 

levels within the chalk itself and the overlying superficial deposits where confirmed 

to provide a cover of at least 10m of soils which displayed relatively consistent 

geotechnical properties across the site.  

On this basis, when considering conventional shallow foundations, the risks posed 

by chalk solution metastability are reduced. However it is recommended that 

conservative parameters (lower bound values) are taken into consideration for the 
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White Chalk for deeper substructures such as piles (discussed in Section 12.4), and 

that further local investigation is undertaken to confirm the anticipated conditions to 

appropriate depths to provide information for detailed design of specific structures.  

11.3 Conventional Spread Foundations 

Given the discussion presented in Section 11.2, the adoption of conventional spread 

foundations (e.g. pad or strip foundations) are likely to be viable for smaller scale 

structures and light broadly distributed loads.  

Due to potential variability in composition and consistency of the Topsoil and Made 

Ground it is anticipated that these soils, if loaded, may gave rise to unpredictable 

and unacceptable total and differential settlements.  It is therefore recommended 

that foundations pass through the Made Ground and bear onto the underlying 

Superficial Deposits.  

In consideration of allowable bearing pressures alone, calculations based on the 

Brinch Hansen method ref 11 have estimated that a net allowable bearing capacity 

(NBC) of the order of 140kN/m2 would limit settlement to less than 25mm and 

could be achieved for a 2m wide strip foundations bearing at a depth of 1.50m bgl 

within the Lowestoft Formation.  

It is noted that this calculation has adopted the conservative parameters of the 

lower consistency fine soils encountered in the landscaped areas of the site (where 

characteristic Cu = 50kn/m2). Higher NBCs are potentially achievable at deeper 

levels where consistencies typically increase, or in localised areas of the Site where 

predominantly coarse soils are more prevalent at shallow depth.  

It is also noted that the fine Superficial Deposits were determined to be of low 

volume change potential. Therefore, developments planned within the vicinity of 

existing trees (or areas of planned tree planting) need consider the 

recommendations in the document NHBC Chapter 4.2 ref 12 which details the 

foundation depth required to avoid the zone of influence of various tree types.   

 

11 Brinch Hansen (1970) Referenced in Foundation Design and Construction M.J. Tomlinson (2001) 

12 Chapter 4.2 'Building near trees' - NHBC Standards 2011 
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11.4 Piled Foundations  

Piled foundations will be required to support more extensive developments where 

foundation loads are too high for the adoption of conventional shallow foundations.  

A choice of pile type of various lengths and diameters can be designed to bear into 

the strata encountered beneath the site. However general site conditions, environs 

and proximity to adjacent extant structures and foundations are all influential in 

choice of piling system. 

In consideration of the prevailing conditions and the anticipated scale of the 

scheme, Continuous Flight Auger (CFA) piles are likely to provide a practical and 

cost-effective solution due to limited generation of arisings and relatively quick 

installation.  It is noted that certain practical constraints apply, for example when 

considering the incorporation of pile reinforcement or geothermal exchange 

systems, and pile emplacement in ground with potential obstructions.   

There is also the risk of collapse or necking of the pile bore should the flights be 

withdrawn and the hole left unsupported (most notably within the coarse Lowestoft 

Formation and weathered White Chalk). For these reasons it is recommended that 

a competent and experienced specialist piling contractor undertakes all piling 

works, adopting appropriate controls and that their advice should be sought at the 

earliest opportunity.  

To provide an indicative assessment of pile capacities for the purposes of this 

illustrative exercise, variations in strata thickness have been averaged in a 

simplified model of ground conditions and characteristics as indicated in Table 11.1. 
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Table 11.1 Ground Model and Parameters used for Preliminary Pile Assessment  

Stratum 
Made 

Ground  

Lowestoft Formation 
White Chalk 
(Grade Dm) 

Fine Coarse 

Thickness (m) 2.0 7.0  5.0 10 

SPT N  - 20 30 <25 

Nq - - 60 - 

Nc - 9 - - 

Cu (kN/m2)  - 90 - - 

Q Base (kN/m2)  - - - 600 

 (kN/m3) 17 19 19 18 

 - 0.45 - 0.45 

 - - 0.30  

Nq, Nc: Bearing capacity factors, Cu: Undrained shear strength,  bulk density,  adhesion,  : shaft friction 

coefficient value, Q base: limited to recommended CIRIA values (Chalk only)  

It is anticipated that seasonal variations in groundwater levels may occur but that 

these variations would not be of sufficient magnitude to cause significant short-

term effective stress variations. The ground model has consequently assumed an 

equilibrated groundwater table below the assessment depth.     

The competency of the soil profile used for these calculations is based on in situ 

testing, principally SPTs, where estimation of undrained shear strengths (Cu) of the 

encountered fine soils have been calculated using the empirical correlation Cu 

(kN/m2) = 5 x SPT N, and the results of direct laboratory determination of shear 

strength by undrained triaxial compression tests conducted on samples of fine soils.   

An adhesion factor () of 0.45 has been adopted for the fine soils and chalk and is 

considered constant and independent of the weathering grade of the chalk.  

A key factor influencing the pile capacity is the variable depth of the chalk, and the 

associated parameters of this stratum will need to be considered in pile capacity 

assessments at deeper levels, particularly when considering the end bearing 

contribution to the pile capacity assessment.  



Ground Investigation Report     
Campus West                                                                                            

www.wyg.com                                                                 creative minds safe hands 

58 
 

CIRIA C574 ref 13 recommends that the unfactored allowable unit area base 

resistance is restricted to between 600 kN/m2 and 800 kN/m2 for low density chalk, 

i.e. where SPT N values are generally less than 25. Based on the low N values 

determined during the investigation, this limiting parameter applies universally 

across the site to the maximum depth investigated, and therefore, a value of 

600kN/m2 has been used for this indicative assessment.  

It has been assumed that little or no positive skin friction will be obtained from the 

Made Ground.  

Service capacities for a range of possible founding depths and pile dimensions have 

been calculated for CFA piles as outlined below in Table 11.2. 

Table 11.2 Ground Model and Parameters used for Preliminary Pile Assessment  

FOS Applied : 1.5 QShaft, 3.5 QBase 

 

Table 11.2 demonstrates that the contribution to the factored shaft capacity from 

the upper levels of the pile installed through the superficial deposits may not 

compensate for the potential loss of factored base contribution for piles embedded 

at deeper levels into the White Chalk.  

This results in a ‘punch through’ effect which leads to initially lower capacities for 

piles installed into the chalk. In normal circumstances and depending on the 

dimension and axial load on the pile, a superficial cover depth of at least 5m below 

 

13 CIRIA C574: Engineering in Chalk (CIRIA Lord et. al 2002)  

Base Strata 

Pile 
Embedment 

Length 

(m) 

Pile Diameter (m) 

0.30 0.45 0.60 

Service 
Capacities 

(kN) 

Service 
Capacities 

(kN) 

Service 
Capacities 

(kN) 

Lowestoft Fm - Coarse 10.0 370 750 1250 

White Chalk 15.0 310 500 730 

White Chalk 20.0 490 790 1110 
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the base of the pile would be required to safely ignore the factored and potentially 

reduced contribution to the base capacity from the underlying chalk.  

11.5 Floor Slabs  

Ground bearing floor slabs will be susceptible to differential settlements induced by 

the variable Made Ground and seasonal volume changes which are potentially above 

typical design tolerance levels. Therefore, based on the current assessment of risk 

for such features, it is recommended that consideration is given to suspended floor 

slabs until further development footprint specific testing is undertaken and the risk 

rating reviewed. 

Should the risk of such features be reduced following further localised, structure 

specific investigation or remedial ground improvement work, floor slabs constructed 

to bear directly onto the Superficial Deposits and possibly the Made Ground could be 

considered providing that soils are checked for consistency at formation level.  

Owing to the silt content, ground bearing floor slabs for unheated or open structures 

should be considered to be frost susceptible near to ground level and should 

therefore incorporate a 300mm layer of compacted granular material to mitigate the 

potential for damage due to frost heave during extended periods of freezing 

conditions.  

11.6 Pavements 

Based on the assessment of available data and with reference to the Design Manual 

For Roads and Bridges ref 14 indicative CBR values are likely to be variable across the 

site and will be influenced by the presence by the existing areas of hardstanding and 

subbase.  

Within the existing carpark area, a CBR of greater than10% might be considered 

viable within the coarse Made Ground (subbase). However, consideration will also 

need to be given to the variable composition and thickness of these soils, as there is 

a risk of localised areas of significantly lower CBR introduced by localised pockets of 

fine or loose soils.  

 

14 Highways Design 25/94 Volume 7 Section 2 Table 2.1 
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A reduced CBR of 1% to 2% will need to be adopted for predominantly fine soils in 

peripheral landscaped areas of the site.  

Ultimately, the risk of local variance is considered to be high and therefore CBR 

design values will need to be confirmed from in-situ testing along the routes of 

proposed pavements, with arrangements for stripping and replacement with 

compacted engineered fill where required in place during earthworks.  

11.7 Chemical Attack on Buried Concrete 

In summary it is recommended that DS-1 ACEC 1s classification concrete us used for 

the construction of substructures.  

This classification assumes a static groundwater condition as it is considered unlikely 

that building materials will come into contact with significant groundwater. It is 

noted however that the groundwater levels where beyond the depth investigated, 

and deeper proposed sub structures such as piles may therefore need to consider 

conditions below the groundwater table where potentially low pH conditions in 

mobile groundwater would need to be reviewed in line with BRE SD1. 

11.8 Temporary Works 

Shallow excavations remained stable during the investigation, however, owing to the 

variability of the shallow soils, there is potential for excavations to be unstable.  It is 

therefore likely that temporary excavations will require battering back during 

excavation, and in line with good working practices, man entry into excavations 

greater than 1.2m deep should only be carried out where shoring is in place.   

Shallow groundwater was not encountered during the investigation; however, it is 

anticipated given the nature of shallow depth material, that there is a high potential 

for perched water ingress particularly after prolonged periods of precipitation and 

dewatering may therefore be a requirement.  It is recommended that dewatering is 

undertaken in accordance with the guidelines of CIRIA C515 Groundwater control – 

Design and Practice. 
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12.0 CONCLUSIONS 

12.1 Risk Assessment Summary 

Geoenvironmental  

Based on the conceptual site model and qualitative assessment of pollutant linkages 

discussed in Section 10 the following risk levels have been assigned.  These risks 

relate to future long-term use of the site and temporary risks during redevelopment 

activities. The risk levels have been assigned without consideration of remediation / 

risk management activities:  

• Current Site Users – Low (Low to Moderate in areas of landscaping)   

• Future Users – Low (Low to Moderate in areas of landscaping)   

• Construction Site Workers – Low (on implementation of CDM) 

• Adjacent Site Users – Low (Moderate during ground works)  

• Groundwater – Moderate 

• Surface Waters – Low to Moderate 

• On-site buildings and services – Low (Moderate in mobile groundwater 

conditions) 

• Soft Landscaping – Low  

It should be noted that where a range of risks were identified in relation to a 

receptor, a worst-case scenario has been adopted. In summary, the overall risk to 

the human health of present and future site users and environmental receptors in 

terms of ground contamination present by this site is considered to be Low as a 

result of the limited contamination encountered and the range of potential 

contaminant sources, both on and off the defined site. 

The most significant residual risk is associated with the underlying aquifer, and 

regulators may need further information to review this risk at planning stage. 

Further intrusive investigations may therefore be required to establish the baseline 

condition and any potential impact from the Made Ground and leachable 

contaminants to the aquifer, particularly if piled foundations are considered which 

could create additional pathways from the Made Ground.  
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Ground gas risks will be mitigated through adherence to CIRIA guidance and the 

general venting typical of this kind of development, however further consideration 

may be required where enclosed spaces are proposed.  

Geotechnical  

It is understood that a two-storey decked carpark development is proposed and the 

loads and load configuration have not been confirmed at this stage.  

Based on the encountered conditions key geotechnical risks are summarised as 

follows:  

• Metastability (chalk solution features) – High 

• Variable soils (Made Ground/ Superficial Deposits – Low to Medium 

• Remnant Substructures (hard spots and voids) – Medium 

• Shrinkable soils (near to existing / proposed trees) – Medium 

Depending on the type of structure and load distribution, the investigation has 

shown that near surface soils may have sufficient bearing capacity for use of 

traditional shallow foundations. However, where structural loads are beyond the 

capacity of conventional shallow foundations constructed to bear upon near surface 

soils, piled foundations may need to be considered. Piled capacities will be 

dependent on localised conditions, most notably the depth and characteristics of the 

underlying chalk, and further local investigation may be required to inform detailed 

design of piles at specific locations.  
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Figure 1 – Site Location Plan 
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Figure 2 – Site Investigation Layout Plan 
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Figure 3 – Shear Strength and SPT N Value Plot 
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Appendices  
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Appendix A - Report Conditions  
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APPENDIX A - REPORT CONDITIONS 

GROUND INVESTIGATION 

This report is produced solely for the benefit of Welwyn Garden City and no liability is 
accepted for any reliance placed on it by any other party unless specifically agreed in writing 
otherwise. 

This report refers, within the limitations stated, to the condition of the site at the time of the 
inspections.  No warranty is given as to the possibility of future changes in the condition of 
the site. 

This report is based on a visual site inspection, reference to accessible referenced historical 
records, information supplied by those parties referenced in the text and preliminary 
discussions with local and Statutory Authorities.  Some of the opinions are based on 
unconfirmed data and information and are presented as the best that can be obtained 
without further extensive research. Where ground contamination is suspected but no physical 
site test results are available to confirm this, the report must be regarded as initial advice 
only, and further assessment should be undertaken prior to activities related to the site.  
Where test results undertaken by others have been made available these can only be 
regarded as a limited sample.  The possibility of the presence of contaminants, perhaps in 
higher concentrations, elsewhere on the site cannot be discounted. 

Whilst confident in the findings detailed within this report because there are no exact UK 
definitions of these matters, being subject to risk analysis, we are unable to give categoric 
assurances that they will be accepted by Authorities or Funds etc. without question as such 
bodies often have unpublished, more stringent objectives.  This report is prepared for the 
proposed uses stated in the report and should not be used in a different context without 
reference to WYG.  In time improved practices or amended legislation may necessitate a re-
assessment. 

The assessment of ground conditions within this report is based upon the findings of the 
study undertaken.  We have interpreted the ground conditions in between locations on the 
assumption that conditions do not vary significantly.  However, no investigation can inspect 
each and every part of the site and therefore changes or variances in the physical and 
chemical site conditions as described in this report cannot be discounted. 

The report is limited to those aspects of land contamination specifically reported on and is 
necessarily restricted and no liability is accepted for any other aspect especially concerning 
gradual or sudden pollution incidents.  The opinions expressed cannot be absolute due to the 
limitations of time and resources imposed by the agreed brief and the possibility of 
unrecorded previous use and abuse of the site and adjacent sites.  The report concentrates 
on the site as defined in the report and provides an opinion on surrounding sites.  If 
migrating pollution or contamination (past or present) exists further extensive research will 
be required before the effects can be better determined. 
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Appendix B – Envirocheck Report 
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Appendix C – Qualitative Risk Assessment Methodology  
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This qualitative risk assessment has been undertaken in accordance with CIRIA C552: 

Contaminated Land Risk Assessment, A Guide to Good Practice (Rudland et al., 2001). The 

CIRIA C552 risk categories and the assessment methodology are detailed below. 

Table C.1 Definition of Magnitude of Consequence 

Category Definition 

Severe 
Acute risks to human health, catastrophic damage to 
buildings/property, major pollution of controlled waters. 

Medium 

Chronic risk to human health, pollution of sensitive 
controlled waters, significant effects on sensitive 
ecosystems or species, significant damage to buildings or 
structures. 

Mild 
Pollution of non sensitive waters, minor damage to 
buildings or structures. 

Minor 
Requirement for protective equipment during site works 
to mitigate health effects, damage to non sensitive 
ecosystems or species. 

The likelihood of an event (probability) takes into account both the presence of the hazard 

and target and the integrity of the pathway and has been assessed based on the categories 

given in Table 5.2 below. 
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Table C.2 Definition of Probability of Exposure 

Category Definition 

High Likelihood 
Pollutant linkage may be present, and risk is almost 
certain to occur in long term, or there is evidence of harm 
to the receptor. 

Likely 
Pollutant linkage may be present, and it is probable that 
the risk will occur over the long term. 

Low Likelihood 
Pollutant linkage may be present, and there is a 
possibility of the risk occurring, although there is no 
certainty that it will do so. 

Unlikely 
Pollutant linkage may be present, but the circumstances 
under which harm would occur are improbable. 

The potential severity of the risk and the probability of the risk occurring have been 

combined in accordance with the matrix presented in Table E.3 below, in order to give a level 

of risk for each potential hazard. 

Table C.3 Definition of Magnitude of Consequence 

 

Potential Severity 

Severe Medium Mild Minor 

Probability 
of Risk 

High 
Likelihood 

Very High High Moderate Low/Moderate 

Likely High Moderate Low/Moderate Low 

Low 
Likelihood 

Moderate Low/Moderate Low Very Low  

Unlikely Low/Moderate Low Very Low Very Low 

  

The risk assessment is presented in Table C.4.  
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Table C.4 Qualitative Risk Assessment  

Source Pollutant Pathway Receptor  
Likelihood of 

Occurrence 

Associated 

Hazard (Severity) 
Risk 

On -Site 

Made ground 
associated with 
historic site use and 
industry 

(PAOC 1) 

Metals, asbestos, 
inorganics, 
hydrocarbons, PAH, 
and TPH 

Direct dermal 
contact or ingestion, 
migration and 
inhalation of 
dust/gases / 
vapours 

Current & Future 
Site Users, 
Construction 
Workers  

Low Likelihood 

Limited 

contamination 
encountered, 
Hardstanding covers 
most of the site, 
limiting potential for 
exposure to 
underlying made 
ground. CDM 
implementation 
during construction 
phase mitigates risk 
to construction 
workers.  

Medium Low/ Moderate 

Lateral and vertical 
migration in 
groundwater 

Groundwater in 
Superficial Deposits 

Likely  

Groundwater if 

present is likely to 
be mobile with 
leaching potential 
and the site lies 
within a Source 
Protection Zone III. 
A groundwater 
abstraction is 
located within 250m 
of the site. 
However, limited 
potential 
contamination 
sources have been 
identified.  

Medium Moderate  

Groundwater in 
Bedrock Geology 
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Source Pollutant Pathway Receptor  
Likelihood of 

Occurrence 

Associated 

Hazard (Severity) 
Risk 

Surface water 
runoff 

Surface Waters and 
Adjacent Land 

Unlikely 

Hardstanding 
covering reduces 
the pathway 
between the Made 
Ground and surface 
water run-off. 
Assumes well-
constructed and 
maintained drainage 
system.  

Medium Low to Moderate 

On -Site 
Current site use 
including car park 
and vehicle usage 

Metals, inorganics, 
PAH, TPH, Solvents, 
Hydrocarbons 

Surface water 
runoff 

Adjacent Land 

Likely 

Car park in use 
during period where 
car emissions 
contained greater 
levels of lead etc. 

High mobility of fuel 
and oil leaks. 

Car parks potential 
targets for fly-
tipping, introducing 
new hazards. 

Risks are removed 

via a well-
constructed and 
maintained drainage 
system with 
interceptors and 
there has been no 
evidence to suggest 
that this is not the 
case.  

Medium Low 



 

www.wyg.com                                                                 creative minds safe hands 

 

Source Pollutant Pathway Receptor  
Likelihood of 

Occurrence 

Associated 

Hazard (Severity) 
Risk 

On - site 

Leaks and spills 
from vehicles and 
previous industry 

 

Metals, inorganics, 
PAH, TPH, Solvents, 
hydrocarbons 

Direct dermal 
contact or ingestion, 
migration and 
inhalation of 
dust/gases/ vapours 

Current & Future 
Site Users 

Unlikely 

Hardstanding covers 
most of the site, 
limiting potential for 
exposure. 

Risks are removed 
via a well-
constructed and 
maintained drainage 
system with 
interceptors and 
there has been no 
evidence to suggest 
that this is not the 
case. 

Medium Low 

Vertical migration 
downwards via 
leaching 

Groundwater in 
Superficial Deposits 

Groundwater in 
Bedrock Geology 

Lateral and vertical 
migration in 
groundwater 

Groundwater in 
Superficial Deposits 

Unlikely  

Hardstanding covers 
most of the site, 
limiting potential for 
exposure. 

The site is in Source 
Protection Zone III 
and no groundwater 
abstractions present 
within 250m of the 
site. 

Medium Low 

Groundwater in 
Bedrock Geology 

Surface water 
runoff 

Adjacent Land 

Likely 

High surface runoff 
is anticipated as a 
result of the large 
amount of 
hardstanding 
covering the site. 

Minor Low 
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Source Pollutant Pathway Receptor  
Likelihood of 

Occurrence 

Associated 

Hazard (Severity) 
Risk 

Off - Site 

Adjacent land uses, 
including the 
railway line and 
major roads 

Metals, inorganics, 
PAH, TPH, 
hydrocarbon, 
asbestos and clinker 

Surface water 
runoff 

Adjacent Land 

Low 

Relatively inert and 
small-scale 
contamination form 
adjacent sources. 
Construction and 
expansion of railway 
in a period where 
contaminants such 
as asbestos and 
clinker were 
widespread. 

Minor Low  
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Appendix D – Exploratory Hole Logs 
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Appendix E – Monitoring Results 
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Appendix F – Photographic Plates 
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Appendix G  

 Environmental Lab Certificates and Screening Data  
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Appendix H  

Geotechnical Laboratory Certificates  
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Appendix I 

SPT Hammer Energy Ratios and Calibration Certificates  






