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Executive summary 
Site information and setting 

Objectives Ground Investigation Report. 

Client University of Manchester.  

Site name and 
location 

University of Manchester: The Relocation of The Limes, Fallowfield Campus. 
Owen Park Fallowfield, Manchester, M14 6YZ. 

Proposed 
development 

The proposed development is to comprise a two storey building utilised for 
food preparation including kitchen, ancillary area, food stores, changing rooms, 
workshops, plant rooms and meeting rooms and external areas including 
access, service yard and landscaping. 

Site description The site comprises a flat asphalt car park including a bike shed in the centre 
and various scars associated with underground services. Mature and semi-
mature trees are present on the north and west boundary. There are also 
mature trees present close to the southern boundary. 

Desk study summary 

Topography The site is flat and lies at between 44.35 to 44.41m AOD. 

Hydrology An unnamed brook is present 250m west. 

Site History Between 1849 and 1907 the site remained undeveloped. Between 1907 up to 
1995 the site included two stands in the south/south east and an earthworks/ 
embankment in the south west associated with the offsite sports stadia. During 
this time period small unnamed buildings were present in the north east, west 
and north west. From 1995 the site became a car park.  

Geology  Artificial and Made Ground: Made Ground 

Superficial: Glacial Till 

Solid: Chester Formation  

Hydrogeology The Glacial Till is classified as a Secondary Undifferentiated Aquifer. The 
Chester Formation is classified as a Principal Aquifer. 

The site is within a groundwater Source Protection Zone (SPZ) Zone 3 (Total 
Catchment). There are no active groundwater abstractions within 1km of the 
site. 

UXO risk According to the preliminary report, the risk from UXO on site is not considered 
to be significantly elevated above the ‘background level’ for the region.  

Ground Model proven by Investigation 

Ground and 
groundwater 
conditions 
encountered by 
investigation 

The ground conditions as proven by the investigation(s) undertaken at the site 
comprise: 

• Surface covering- Asphalt hardstanding between ground level and 0.15m 
below ground level (bgl). 

• ‘Non-General’ Made Ground- between 0.07m and 0.55m bgl, comprising a 
Type 1 sandy GRAVEL; 

• ‘General Made Ground’ – between 0.17m and 1.40m bgl comprising a silty 
CLAY or clayey/silty ashy SAND or GRAVEL. Gravel content of brick, 
mudstone, coal and sandstone.  

• Glacial Till – between 0.35m and 4.70m bgl, comprising soft to firm silty 
CLAY extending to 2.00m, underlain by a stiff to very stiff slightly sandy 
slightly gravelly CLAY.  

• Weathered Chester Formation – top encountered at 3.65m and 4.70m bgl, 
comprising a dense SAND.  

Groundwater was encountered at depths between 0.70m bgl and 1.20m bgl 
during the investigation with locally deeper groundwater encountered at 
3.00m in WS08 within a band of sand in the Glacial Till. 

It is likely that the 40cm to 50cm of water within BH01 and BH02 present 
between 4.30m and 4.63m bgl (40.06m to 39.81 m AOD) is representative of 
seepage of perched groundwater on top of the Glacial Till, migrating into the 
well below the bentonite seal. 

Within WS08 the groundwater appears to be associated with a band of sand at 
3.00m bgl which is under sub artesian pressure rising to 0.96 to 1.10m bgl 
(43.59 – 43.45m AOD). 

There is olfactory evidence of petroleum hydrocarbon contamination in WS09 
with very weak odours between 1.00m and 1.10m bgl (within the Made Ground). 
Laboratory testing completed on the Made Ground found no elevations of 
GACs for petroleum hydrocarbons, therefore they are considered to pose a low 
risk to human health. 

Summary of Geotechnical conclusions 

Groundwork Excavation to proposed founding depth generally should be readily achievable 
with standard excavation plant following breaking out of the existing 
hardstanding.  Water seepages into excavations are likely to be adequately 
controlled by sump pumping.  

Foundations and 
Floor Slab 

Foundations are recommended to comprise: 

• Pad foundations targeting 2.50m bgl in the high strength Glacial Till 
(subject to additional desiccation assessment). or 

• Driven piled foundation.  

Allowable net bearing pressure of 150 kN/m² for pad foundations should be 
achievable. 

Deepening of foundations/heave protection is likely to be required to allow for 
the effects of trees. 

Suspended floor slabs are recommended due to the depth of Made Ground (up 
to 1.65m) and presence of medium shrinkage potential clay soils. 

Floor slabs should be suspended over a void where within the influencing 
distance of trees. 

If pad foundations are the preferred foundation option, then additional ground 
investigation and desiccation assessment will be required in accordance with 
BRE Digest 298. The designer will also need to account for desiccation if 
designing piles for the structure.  

Roads and 
pavements 

For road / pavement design, a design CBR of 2.5 % for the Made Ground and 
<2.5% for the soft to firm Glacial Till.  

Sustainable 
drainage 

Soakaway drainage is considered unsuitable for this site due to the underlying 
low permeability Glacial Till and potential for perched groundwater on top of 
the Made Ground which would reduce the potential unsaturated zone for a 
soakaway test.  

Buried concrete Design Sulphate Class - DS-1 and ACEC Class AC-1.  Equivalent to Design 
Chemical Class DC-1 for a 50 year design life. 
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Summary of geo-environmental assessment 

Human Health Pervasive PAH and asbestos loose fibres have been encountered within the 
Made Ground across the site. 

Phytotoxicity A localised hotspots for elevated Zinc within the Glacial Till was recorded. 
However, this is not considered to be representative of the Glacial Till and does 
not pose a risk.   

Controlled waters Based on the concentrations of the inorganic contaminants being within the 
reported ranges of the baseline concentrations in the sandstone bedrock and 
low likelihood of the Made Ground onsite being source of the inorganic 
contaminants due to the absence of elevated PAHs in the groundwater the site 
is considered to pose a low risk to controlled waters.  

Radon The site is not in a radon affected area.  

Potable water 
supply pipes 

The site is brownfield and organic contamination PAHs-particularly 
Naphthalene is resulting in exceedance for PE pipe threshold values within the 
Made Ground and Hydrock believes barrier pipe is required. However, 
confirmation should be sought from the water supply company at the earliest 
opportunity.  

Ground gases or 
vapours: 

Moderate risk from ground gases and CS2 conditions apply if the building is 
piled. If the building is not piled the 1.50m of stiff low permeability Glacial Till 
remaining below the pad foundation will sever any ground gas pathways 
between the building and the Chester Formation.  

Enabling Works 

Proposed 
mitigation 
measures 

The installation of a simple cover system in soft landscaping to align with 
Manchester City Council Planning Guidance documentation and should include 
450mm in Zone 1 areas (grass seeding) and in Zone 2 (shrub planting) 600mm, 
comprising a visible geomembrane marker layer, subsoil beneath a topsoil 
thickness of between 150mm and 300mm.  

Installation of Barrier pipework for potable water pipes installed within Made 
Ground; 

Suitable quantities of testing of any topsoil and subsoil placed in landscaped 
areas; 

Gas monitoring is complete; and ground gas mitigation measures to comply 
with CS2 conditions if the building is piled,  

Waste 
Management 

The excavated Made Ground and Glacial Till will likely be classed as non-
hazardous.  

Made Ground classified as Hazardous for off-site disposal purposes was 
identified in WS09 between 1.00m and 1.10m bgl, due to Made Ground in 
WS09 underneath the proposed landscaping area between 1.00m and 1.10m 
bgl is locally classified as hazardous ( under HP7 carcinogenic and HP11 
mutagenic) due to the concentrations of petroleum hydrocarbon bandings. 
However, excavation for the formation level for soft landscaping in this area of 
the site is unlikely to encroach on the impacted Made Ground. 

 

 

 

Further Considerations  

Further Works Following the ground investigation works undertaken to date, the following 
further works will be required: 

• should pad foundations from a cost perspective be the preferred 
foundation option then additional ground investigation and desiccation 
assessment would be required;  

• discussion and agreement with utility providers regarding the materials 
suitable for pipework; 

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

• discussions with piling Contractors regarding conclusions of this report and 
design of the piles if required; 

• provision of geotechnical design for the Category 2 structure (if piles are 
the preferred foundation option); 

• production of a Remediation Strategy and Verification Plan (and agreement 
with the regulatory bodies and the warranty provider); 

• production of a Materials Management Plan relating to reuse of site-won 
and imported soils. 

• remediation and mitigation work; and 

• verification of the remediation. 

This Executive Summary forms part of Hydrock Consultants Limited report number LIMES-HYD-XX-XX-RP-G-2001 and 
should not be used as a separate document 
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1. Introduction 

1.1 Terms of Reference 

In February 2024, Hydrock Consultants Limited (Hydrock) was commissioned by University of 
Manchester (the Client) to undertake a ground Investigation at University of Manchester - The Limes 
Relocation. The site is located off Whitworth Lane, Fallowfield, Manchester. 

The proposed Development will combine the University’s Catering Central Processing Unit (CPU), 
Maintenance Services Unit (MSU), Environmental Services Unit (ESU) and Residences Team to form a 
facility consisting of facility management stores and workshops, catering facilities, staff workspaces and 
storage facilities. 

The site is divided into two main sections: the western part is designated for parking, while the eastern 
section houses the building, which is split into the main building and the external stores. 

The western side of the Site will provide 45 car parking spaces, inclusive of 4 accessible car parking 
space. It is noted that Richmond Park Halls will be allocated 2 dedicated accessible car parking spaces.  
The eastern side of the Site will provide 14 car parking spaces for staff car parking inclusive of 2 
accessible car parking bays, 2 accessible car parking space will be dedicated to Richmond Park Halls for 
student parking; 5 electric vehicle (EV) car parking space will be provided inclusive of 1 accessible EV 
parking bay; and 1 parking space will be provided for Tail Lift/Sprinter parking. The total number of car 
parking spaces will be 66 and 1 Tail Lift/Sprinter parking. The overall car parking provision represents a 
reduction of 64 spaces. Additionally, a bike store with 20 cycle spaces and 7 cycle racks will be provided 
for staff and students outside the entrance to the main building. 

The proposed development layout (Butress Drawings, LIMES-BUT-M3-R3-DR-A-04101); is shown below 
as Figure 1.1. 

 

Figure 1.1: Proposed Development Layout 

The study has been undertaken in accordance with Hydrock’s proposal referenced (Ref 33445-GNST-FP-
GE-0001 dated February 2024) and the Client’s instructions to proceed (email dated 13th February 2024). 

1.2 Objectives 

The works have been commissioned to support the planning application and to assist with the design of 
the development.  

The objectives of the Phase 2 Ground Investigation are: 

» to resolve any geotechnical and geoenvironmental uncertainties identified in the Phase 1 Desk Study 
by refining and updating the preliminary Ground Model, based on the conditions met in accordance 
with the principles of Environment Agency (EA) ‘Land Contamination: Risk Management’ (LCRM) 
(2023);  

» to identify any geo-environmental mitigation requirements to enable development to progress; and  

» to provide preliminary geotechnical recommendations for design. 

1.3 Scope 

The scope of the Phase 2 Ground Investigation comprises: 

» a ground investigation including dynamic windowless sampling and cable percussive boring to: 

» obtain data on the ground and groundwater conditions of the site; 

» allow collection of samples for geotechnical and chemical laboratory analysis; 

» allow geotechnical field tests to be undertaken; 

» install gas and groundwater wells; 

» ground gas concentration and groundwater level monitoring; 

» groundwater sampling; 

» geotechnical and chemical laboratory analysis; 

» updating of the preliminary Ground Model; 

» preparation of a geotechnical risk register; 

» presentation of an initial geotechnical design recommendations;  

» formulation of an updated Conceptual Site Model (CSM), including identification of any plausible 
contaminant linkages; 

» completion of a generic quantitative risk assessment of any identified chemical contaminants to 
establish ‘suitability for use’ under the current planning regime;  

» discussion of any potential environmental liabilities associated with land contamination (soil, water 
and gas); and 

» identification of outline mitigation requirements to ensure the site is ‘suitable for use’. 

1.4 Available Information 

Hydrock produced the Ground Conditions Desk Study report for the site, referenced as: 

» Hydrock, May 2024. ‘Ground Conditions Desk Study Report, UoM The Limes Relocation’, Ref: LIMES-
HYD-XX-XX-RP-G-1001. 

The following document has been provided to Hydrock by Client for use in the preparation of this report: 

» Buttress. March 2024. ‘Owen Park Fallowfield, Manchester, M14 6YZ, Sketch Scheme- Site 
Arrangement Option 3’, Ref: LIMES-BUT-MS-00-DR-A-10002-P01. 
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It is understood that the Client defined in Section 1.1 has obtained assignment of the above document and 
Hydrock has assumed full reliance can be placed upon its contents. Should this not be the case, Hydrock 
should be informed at the earliest opportunity.  

The following documents have been reviewed by Hydrock from publicly available sources for use in the 
preparation of this report: 

» Geotechnics.  August, 2015. ‘Project Oak SI Scope Stage 2B’, Factual Report, Ref: PN153349 
undertaken for Coffey Geotechnics. 

Hydrock acknowledge that these documents are not assigned to the University of Manchester, and have 
been used for information purposes only.  No formal reliance has been placed upon their contents. 

1.5 Regulatory Information 

The investigation work has been carried out in general compliance with recognised best practice, 
including (but not limited to) BS 5930:2015+A1:2020, BS 10175:2011+A2:2017 and the AGS (2006) ‘Good 
Practice Guidelines for Site Investigations’.  

The geo-environmental section of this report is written in broad accordance with BS 10175:2011+ A2:2017 
and EA LCRM (2023).  

Phase 2 comprises intrusive ground investigation work and testing. The factual information from the desk 
study and the ground investigation are used to develop the Conceptual Site Model (CSM). This CSM is 
based on a ground model of the site physical conditions and an exposure model of the possible 
contaminant linkages. The CSM forms the basis for Generic Quantitative Risk Assessment (GQRA) in 
accordance with current guidelines. This GQRA might lead to more Detailed Quantitative Risk Assessment 
(DQRA). 

Professional judgement is then used to evaluate the findings of the risk assessments and to provide 
recommendations for the development. 

The geotechnical section of this report is prepared in general accordance with BS EN 1997-1+A1: 2013, BS 
EN 1997-2:2007 and BS 8004:2015+A1:2020.  This report constitutes a Ground Investigation Report (GIR) 
as described in Part 2 of Eurocode 7 (BS EN 1997-2) (EC7). However, it is not intended to fulfil the 
requirements of a Geotechnical Design Report (GDR) as specified in EC7. 

Where relevant the relevant requirements of the current edition of NHBC Standards have also been 
applied. 

The geo-environmental and geotechnical aspects are discussed in separate sections. Throughout the 
report the term ‘geotechnical’ is used to describe aspects relating to the physical nature of the site (such 
as foundation requirements). The term ‘geo-environmental’ is used to describe aspects relating to 
ground-related environmental issues (such as potential contamination). However, it should be 
appreciated that this is an integrated investigation and these two main aspects are inter-related. 
Designers should take all aspects of the investigation into account.  

Remaining uncertainties and recommendations for further work are listed in Section 9 and Section 10. 
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2. Desk study review 

2.1 Introduction 

Hydrock have completed a Ground Conditions Desk Study for the site (as detailed in Section 1.4) and the 
following section is a summary of the pertinent information presented in the Desk Study. 

2.2 Site Location 

The site is located on Owen Park, Fallowfield, Manchester, M14 6YZ. The site is situated between 
Whitworth Lane (west) and Chancellors Way (East), approximately 230m east of Platt Field Park and 4km 
south east of Manchester City Centre. 

A site location plan (Hydrock Drawing LIMES-HYD-XX-XX-D-G-00001) is presented in Appendix A. 

2.3 Site Description 

The site is rectangular in shape and has an area of approximately 0.56ha. The site is flat and lies at 44.35 
to 44.41m AOD. 

The site is currently an asphalt car park utilised by student living within the adjacent halls of residence. 
The site is bordered by mature and semi mature trees to the north/south and adjacent to the access from 
Whitworth Lane. .  

Visual scarring is present across the car park and various manholes and inspection chambers relating to 
existing services crossing the site including BT, Gas, Sewers and Electricity.  

A site features plan (Hydrock Drawing LIMES-HYD-XX-XX-D-G-00002) is presented in Appendix A. 

2.4 Site History 

Between 1849 and 1907 the site remained undeveloped. Between 1907 up to 1995 the site included two 
stands in the south/south east and an earthworks in the south west associated with the offsite sports 
stadium. Other uses also include a Tennis Court in the north and pavilion associated with the bowling club 
in the north east . During this time period small unnamed buildings were present in the north east, west 
and north west.  

 

Figure 2.1: 1934 Historical OS Mapping 

 

From 1995 the site became a car park. The historical mapping does not show any pertinent off-site 
sources of contamination in close proximity. The age of the car park post-dates the use of coal tar within 
tarmac binders and therefore, the existing asphalt hardstanding is not considered to pose a risk to site 
end users, due to the unlikely probability of it containing coal tar.  

2.5 Geology 

The Groundsure Report and BGS geological mapping record no artificial/worked or infilled ground onsite 
or in close proximity, however it is anticipated that Made Ground will be present on-site especially 
associated with the former stands, buildings (north east, northwest and west) and possibly from the 
previous earthworks in the south west.  

The superficial geology comprises Glacial Till, likely including either sandy gravelly CLAY or gravelly silty 
CLAY.   

The solid geology comprises Chester Formation, comprising reddish brown, cross-bedded, pebbly 
sandstones with subordinate beds of red-brown mudstone. The Chester Formation is indicated to be up 
to 400m thick, but is unlikely to be so thick below the site. 

A fault is present 370m east, the site lies on the downthrow side of the fault. 

A review of the BGS archive found the closest freely available borehole completed to a suitable depth is 
situated 240m to the north west. 

» SJ89SE9, located on the corner of Old Hall Lane and Wilmslow Road (NGR 385604E, 394457N), 
drilled to a depth of 13.11m and recorded: 

» Made Ground between ground level and 0.90m below ground level (bgl); 

» Plastic CLAY (assumed firm) from 0.90m to 3.96m bgl (probable Glacial Till); 

» Hard CLAY between 3.96m and 4.88m bgl (probable Glacial Till); and  

» Light red SAND from 4.88m to 13.11m bgl (probable weathered Chester Formation). 

Groundwater was encountered at 3.66m bgl on top of the Hard CLAY mentioned above.  

2.5.1 Previous Investigations 

Hydrock 2016 Ground Investigation 

In November 2016 Hydrock undertook a ground investigation on Unsworth Park 20m to the east of the 
site. As part of the investigation Hydrock were provided a factual ground investigation which included 
boreholes on the site and the wider Owen Park, the ground investigation was undertaken for Coffey 
Geotechnics by Geotechnics in 2015.  

As part of the site investigation BH18/1A was completed below the energy centre to the east of the Limes 
site. BH16 to BH17/1A were completed on the subject site. 

BH16/1A (E385888.9, 394338N) confirmed Made Ground to 0.70m bgl and a very weak hydrocarbon 
odour was present at 0.70m bgl. The Glacial Till was firm becoming stiff slightly sandy slightly gravelly 
CLAY encountered to 4.30m bgl, underlain by the weathered Chester Formation. The borehole was dry.  

BH17/1A (E385921.5, N394340.9) recorded a very weak hydrocarbon odour at the base of the Made 
Ground (a dark greyish brown sandy gravelly CLAY) at 0.80m bgl in a perched groundwater. Beneath the 
Made Ground firm reddish brown mottled grey slightly sandy slightly gravelly CLAY above the weathered 
Chester Formation was encountered to 4.10m bgl.  

BH18/1A (E385959.9, N394344.0) found deep Made Ground between ground level and 3.10m bgl (41.35m 
AOD). The Made Ground comprised a light greyish brown/black gravelly SAND and a soft reddish brown 
mottled grey sandy gravelly CLAY (reworked natural). The gravel content including sandstone, ceramic, 
slag, clinker, coal, brick, clayware and siltstone. Groundwater was recorded towards the base of the Made 
Ground at 2.60m rising to 2.10m bgl after 20 minutes.   

As shown in Figure 2.1 in 1934 two 
stands in the south and south east 
of the site. A Tennis Ground 
present in the north.  Pavilion 
associated with the Bowling Green 
in the north east and a small 
unnamed building in the north 
west. Earthworks associated with 
the adjacent Athletics Stadium is 
present in the south west,  
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2.6 Hydrogeology 

The Glacial Till is classed by the Environment Agency as a Secondary Undifferentiated Aquifer. The 
Chester Formation is classified as a Principal Aquifer. 

The Groundsure report states that the vulnerability of the aquifer within the Glacial Till is considered to be 
low. The vulnerability of the aquifer within the Chester Formation is also considered to be low due to the 
intervening low permeability cohesive Glacial Till overlying the sandstone.  

The site is within a groundwater Source Protection Zone (SPZ) Zone 3 (Total Catchment). There are no 
active groundwater abstractions within 1km of the site boundary. 

The environmental data report indicates a moderate risk of groundwater flooding, potentially due to 
shallow perched groundwater on top of the (cohesive) Glacial Till subjected to seasonal variations.  

2.6.1 Groundwater levels, recharge and flow 

The BGS boreholes within the surrounding area suggest circa 4.00m of low permeability Glacial Till 
overlying the Principal Aquifer (sandstone bedrock). The groundwater within the sandstone, is likely to be 
protected by the overlying Glacial Till should there be sufficient thickness (and the Till is proven to be 
sufficiently impermeable).  

Any shallow groundwater underlying the site will likely be perched/local and discontinuous either at the 
interface of the Made Ground and Glacial Till or between any granular horizons within the Glacial Till.  

Because the site is underlain by hardstanding, recharge to the shallow groundwater is more likely to take 
place via the undeveloped field to the north/north east, and because the sport fields to the east are likely 
to include controlled drainage systems capturing infiltrating waters.  

The presence of up to 4m of low permeability clay will restrict/limit the potential migration of leachable 
contaminants into the sensitive Principal Aquifer. 

2.7 Hydrology 

An unnamed brook is present 250m west. Given the likely discontinuous nature of the perched 
groundwater within the Glacial Till it is unlikely to be in direct hydraulic continuity with unnamed brook 
250m west which feeds into Platt Lake further west. 

Reference to the Environment Agency web site shows the site is located within the catchment known as 
the Bollin Dean Mersey Upper, the specific river water body being the Platt Brook (Source to Fallowfield 
Brook). The current (2019 cycle 3) overall status under the Water Framework Directive is described as 
‘moderate’. 

There are no surface water abstractions within 1km of the site.  

There are no active licensed surface water discharges within 1km of the site.  

2.8 Flood Risk 

The desk study information indicates the proposed development is in Flood Zone 1 with a low probability 
of flooding from rivers or the sea. 

The desk study information indicates the proposed development is not at risk from surface water flooding 
(pluvial flooding). 

No further consideration of flood risk is undertaken in this report. Specialist flood risk advice should be 
sought with regard to drainage and flooding. 

2.9 Mining and Mineral Extraction 

The site is not within an area of recorded mining and mining risk is not considered further in this report. 

2.10 Natural Ground Instability 

Semi mature trees are present sporadically across tree pits in the centre and mature/semi-mature trees 
are present on northern and western boundary, close to the southern site boundary.  Cohesive deposits 
of the Glacial Till may be affected by potential for shrink-swell ground movements in clays as a result of 
changes in moisture content from removal or growth of trees. 

Across the south east there were former stands associated with adjacent Athletics Stadium and in the 
south west earthworks were present onsite also associated with the Athletics Stadium. The extent to 
which foundations associated with stands were grubbed out before the development of the car park is 
unknown. This represents a geotechnical risk due to the presence of heterogeneous Made Ground.  
Foundations will need to be deepened to below the Made Ground.  

The Made Ground may contain elevated sulphates. 

There is potentially for shallow perched groundwater on top the Glacial Till. The shallow perched 
groundwater although discontinuous could vary in depth seasonally and during heavier rainfall events 
could rise to a shallower depth.  

2.11 Waste Management 

There are no current or historical waste management sites recorded within 500m of the site. 

2.12 Regulatory Information 

Information provided in the desk study indicates no records significant regulatory controls in the general 
area of the site which would be considered to pose a risk to the subject site.  

2.13 Natural Soil Chemistry  

The desk study did not identify any significantly elevated naturally occurring elements that may present a 
risk to future site users. 

2.14 Radon 

The guidance indicates that the site is not in a Radon Affected Area and no radon protection measures 
are required. 

2.15 Unexploded Ordnance (UXO) 

As per CIRIA Report C681, a preliminary UXO risk assessment has been commissioned (See Appendix J).  
This indicates:  

» During WWII the site was situated within the County Borough of Manchester, which sustained an 
overall low density of bombing, with an average of 27.1 items recorded per 1,000 acres according to 
official Home Office bombing statistics.  

» Local bomb plot and damage mapping does not record any bomb strikes or damage on or directly 
bordering the site area.   

» Given the low density of bombing across the district, with no positive evidence found to suggest any 
bombing/damage occurred within the site, the risk of encountering UXO is not considered 
significantly elevated above the ‘background’ level of risk for the region.  

Given the findings of this preliminary report, the risk from UXO on site is not considered to be significantly 
elevated above the ‘background level’ for the region and low, no further risk assessment is required.  



 

University of Manchester: The Relocation of The Limes, Fallowfield Campus | University of Manchester | Ground Investigation Report | LIMES-HYD-XX-XX-RP-G-2001 | 5 August 2024  9 

3. Initial Conceptual Site Model 

3.1 Introduction 

The initial Conceptual Site Model (CSM) incorporates evidence from the site walkover, the Desk Study 
and previous investigations carried out at the site. The formulation of an initial CSM is a key component of 
the LCRM methodology, and incorporates: a ground model of the site physical conditions; and an 
exposure model of the possible contaminant linkages.  It forms the basis for Generic Quantitative Risk 
Assessment (GQRA) in accordance with current guidelines. 

3.2 Ground Model 

The preliminary ground model presented in Section 2 provides an understanding of the ground 
conditions and is the basis for preparing the preliminary geotechnical hazard assessment (Section 3.3) 
and the preliminary geo-environmental exposure model (Section 3.4). 

3.3 Geotechnical Hazard Identification 

3.3.1 Context 

The preliminary geotechnical hazard identification has been undertaken in accordance with the general 
requirements of ICE/DETR Document ‘Managing Geotechnical Risk’ and the HE documents CS 641 and 
CD 622.    

The following section sets out the identified geotechnical hazards and the development elements 
potentially affected (see Table G.1 in Appendix G for further information). 

3.3.2 Plausible Geotechnical Hazards 

Plausible geotechnical hazards identified at the site are: 

» Uncontrolled Made Ground (variable strength and compressibility). 

» Soft / loose compressible ground (low strength and high settlement potential). 

» Shrinkage / swelling of the clay fraction of soils under the influence of vegetation. 

» Variable lateral and vertical changes in ground conditions. 

» Attack of buried concrete by aggressive ground conditions. 

» Obstructions. 

» Shallow perched groundwater. 

» Changing groundwater conditions. 

» Loose Made Ground, leading to difficulty with excavation and collapse of side walls. 

3.3.3 Potential Development Element Affected 

Development elements potentially affected by geotechnical hazards are: 

» Buildings – foundations. 

» Buildings – floor Slabs. 

» Service yard and pavements. 

» Services. 

» Landscaped Area. 

» Construction staff, vehicles and plant operators. 

» Concrete below ground. 

3.4 Geo-environmental Exposure Model 

3.4.1 Context 

The preliminary exposure model is used to identify geo-environmental hazards and to establish potential 
contaminant linkages, based on the source-pathway-receptor (SPR) approach.  

A viable contaminant linkage requires all the components of an SPR to be present.  If only one or two are 
present, there is no linkage and no further assessment is required. 

3.4.2 Potential Contaminants  

For the purpose of this assessment the potential contaminants have been separated according to 
whether they are likely to have originated from an on-site or off-site source.  

3.4.2.1 Potential on-site sources of contamination  

» Made Ground, associated with historical construction activities and imported fill (associated with 
former buildings, the stands and earthworks), possibly including elevated concentrations of metals, 
metalloids, asbestos fibres, Asbestos Containing Materials, PAH and petroleum hydrocarbons (S01). 

» Ground gases (carbon dioxide and methane) from organic materials in the Made Ground associated 
with historical construction and the previous earthworks (S02). 

3.4.2.2 Potential receptors 

The following potential receptors in relation to the proposed land use have been identified.  

» People (neighbours, site end users) (R01).  

» Development end use (buildings, utilities and landscaping) (R02). 

» Groundwater: Principal Aquifer status of the Chester Formation (R03). 

3.4.2.3 Potential Pathways 

The following potential pathways have been identified. 

» Ingestion, skin contact, inhalation of dust and outdoor air by people (P01). 

» Methane/Carbon Dioxide ingress via permeable soils and/or construction gaps (P02). 

» Root uptake by plant (P03). 

» Migration of contaminant via leachate migration through the unsaturated zone in the Made Ground or 
Glacial Till (P04). 

» Migration of contaminant from the groundwater within the Glacial Till to the groundwater within the 
Chester Formation (P05). 

Health and safety risks to site development contractors and maintenance workers have not been 
assessed as part of this study and will need to be considered separately. 

The above sources, pathways and receptors have been considered as part of the Preliminary Risk 
Assessment in accordance with LCRM (2023), are considered to be plausible in the context of this site 
and have been carried forward for investigation and assessment. An assessment of the Source – Pathway 
– Receptor linkages is presented in Appendix H (Table H.1). 

3.4.2.4 Potential Implications of climate change 

Climate change has the potential to change the risk profile for conceptual site models and associated 
contaminant linkages. The impact of climate change on the CSM is site-specific, and a qualitative 
assessment of the potential impact of climate change on the CSM for this site is summarised below. The 
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assessment has primarily utilised the guidance in Environment Agency (2010)1 and SoBRA (2022)2 which 
set out the UK context to climate change and land contamination. Both guidance documents advocate a 
“what if” scenario approach in the context of changes in ambient temperatures, an increase in the 
frequency of extreme rainfall/storm events and heatwaves/droughts, and long-term changes in 
groundwater and sea levels. 

Those “what if” scenarios that are relevant to this CSM are: 

» Increased long-term rainfall leading to increased infiltration and seasonally higher groundwater and 
water levels in surface waters.- Given that the proposed site will largely be hardstanding or buildings 
with limited landscaping area, infiltration increase is likely to be minimal. Shallow groundwater is not 
anticipated across the site, therefore variations in groundwater are not anticipated. 

» Increased frequency and/or magnitude of extreme rainfall events leading to short-term surface 
flooding, surface water run-off and groundwater flooding.- Although perched groundwater may be 
present on top of the Glacial Till, the installed surface water draining and hardstanding will restrict 
infiltrating water therefore reducing the risk of groundwater flooding. The site is 250m from the nearest 
surface water course and increase rainfall is not considered to alter the existing flood risk classification 
which is of low probability Flood Zone 1.  

» Increased frequency and/or magnitude of storm events leading to short-term drops in barometric 
pressure and/or high winds.- Extensive Made Ground containing organic deposits is not anticipated 
across the site. Given the anticipated low risk from ground gas changes in barometric pressure are 
considered unlikely to alter the gas regime, due to the lack of notable ground gas source.  

» Occurrence of extreme cold and hot weather events leading to changes in ground conditions such as 
soil temperature, evapo(trans)piration, and soil moisture (for example freeze-thaw effects and 
desiccation), decreased infiltration and fall in groundwater and surface water levels. – Foundations for 
the proposed building will be designed to account for potential shrink and swell in clays due to soil 
moisture changes. Furthermore, hardstanding will protect the underlying soils from the impacts of freeze 
thaw and also potential extreme changes in soil temperature.  

» Long-term decrease in rainfall leading to lower infiltration and fall in groundwater and surface water 
levels.- Although the site lies above a principal aquifer, there are no groundwater abstractions within 
close proximity to the site and drops in groundwater level in the aquifer are not considered to impact the 
CSM.  

The above “what if” scenarios that are considered to be plausible in the context of this site are discussed 
further in Section 7.10. and Appendix I. 

 
1 Environment Agency, 2010.  Guiding Principles for Land Contamination.  Part 2.  FAQs, technical information, detailed advice and references, 
March 2010. 

4. Ground Investigation 

4.1 Site Works 

The ground investigation works, including the rationale which was based on the findings of the 
preliminary risk assessment is summarised in Table 4.1.   

The fieldwork took place between 2 April and 4 April 2024. The ground investigation locations were 
surveyed in using a topographic survey quality GPS and are shown on the Exploratory Hole Location Plan 
(Hydrock Drawing LIMES- HYD-XX-XX-D-G-00003) in Appendix B.  

The logs, including details of ground conditions, soil sampling, in situ testing and any installations, are also 
presented in Appendix B. 

Table 4.1: Summary of site works 

Wells for monitoring groundwater levels and ground gas concentrations, and to facilitate the sampling of 
groundwater, were installed in number of the windowless sampler and cable percussion boreholes. A 
summary of the monitoring well installations is presented in Table 4.2. 

Table 4.2: Summary of monitoring installations 

Location Ground 
level 

(m OD) 

Standpipe 
/ 
piezometer 
diameter 

Screen top 
and base 
depth 

(m bgl) 

Screen top 
and base 
elevation 

(m OD) 

Strata targeted 

BH01 44.36 50 1.00 to 5.00 43.36 to 39.36 Chester Formation 

BH02 44.44 50 1.00 to 5.00 43.44 to 39.36 Chester Formation 

WS04 44.25 50 1.00 to 4.50 43.25 to 39.75 Chester Formation 

WS05 44.17 50 1.00 to 3.70 43.25 to 40.47 Glacial Till 

WS08 44.55 50 

 

1.00 to 4.00 43.55 to 40.55 Glacial Till 

2 SoBRA, 2022. Guidance on Assessing Risk to Controlled Waters from UK Land Contamination Under Conditions of Future Climate Change, Society 
of Brownfield Risk Assessment, August 2022. 

Activity Method No
. 

Name Depth 

Range 

(m bgl) 

In situ tests Rationale 

Drilling, Pitting and Probing 

Boreholes  Cable 
percussive 

2 BH01 to 
BH02 

5.00- 5.16 SPT  To investigate the 
composition/thickness of 
Made Ground. 

To investigate strength 
profile of the Glacial Till 
and confirm the top of the 
Chester Formation.  

To monitor the gas and 
groundwater regimes. 

Dynamic 
Windowless 
sampler 

10 WS01 to 
WS10 

4.02- 5.45 SPTs and 
HSVs 
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4.2 Geo-environmental Testing 

4.2.1 Sampling Strategy and Protocols 

Exploratory hole positions were determined by reference to the site conditions and uncertainties 
identified in the Initial Conceptual Model.   

Certain specific features such as the former stands were targeted with WS01 and WSO2, the earthworks 
by WS08 and WS09, unnamed building by WS07 and Tennis Courts by WS04 and WS06. BH01, BH02, 
WS04 to WS06 and WS10 targeted the location of the proposed building to allow for foundation and 
floor slab design.  

Samples were taken, stored and transported in general accordance with BS 10175:2011+A2:2017.  

4.2.2 Geo-environmental Monitoring 

Gas monitoring boreholes have been monitored on four occasions as part of this commission. The results 
are presented in Appendix D.  

4.2.3 Geo-environmental Laboratory Analyses 

The chemical test certificates for testing undertaken as part of Hydrock's investigation are provided in 
Appendix E and summarised in the table below. Wherever possible, UKAS and MCERTS accredited 
procedures have been used. The geo-environmental analyses undertaken on soils are summarised in 
Table 4.3.  

Table 4.3: Geo-environmental analyses of soils or other solids 

Determinand Suite Made Ground Glacial Till 

Hydrock minimum suite of determinands for solids 3 5 3 

Speciated aliphatic and aromatic banding Total petroleum 
hydrocarbons by HS-GC/MS and GC/FID (Hydrock Tier 2 TPH 
Suite) 

1 1 

Benzene, toluene, ethylbenzene and xylene (BTEX) by HS-
GC/MS 

1 1 

MTBE (Methyl Tertiary Butyl Ether) by HS-GC/MS 1 1 

*Hydrock minimum soil suite comprises: As, B (water soluble), Be, Cd, Cr (total), Cr (VI), Cu, Hg, Ni, Pb, S 
(elemental), Se, V, Zn, cyanide (total), sulphide, pH, asbestos fibres, speciated polynuclear aromatic hydrocarbons 
(PAH, by GC-FID), total phenols and fraction of organic carbon. 

 

The soils chemical test data are interpreted and assessed in Sections 7.3 and 7.4. 

The geo-environmental analyses undertaken as part of Hydrock's investigation on waters are 
summarised in Table 4.4.  

 

 

 

 
3 The Hydrock minimum suite of determinands for waters comprises As, B (water soluble), Be, Cd, Cr (total), Cr(VI), Cu, Hg, Ni, Pb, S 
(elemental), Se, V, Zn, cyanide (total), sulphide, pH, asbestos fibres, speciated polynuclear aromatic hydrocarbons (PAH, by GC-FID), total 
phenols, fraction of organic carbon and free and "complex" cyanide species, if high total cyanide is detected 

 

Table 4.4: Geo-environmental analyses of waters, 

Determinand Suite Groundwater 

Hydrock minimum suite of determinands for waters 4 1 

Speciated aliphatic and aromatic banding Total petroleum hydrocarbons by HS-
GC/MS and GC/FID (Hydrock Tier 2 TPH Suite) 

1 

Benzene, toluene, ethylbenzene and xylene (BTEX) by HS-GC/MS 1 

MTBE (Methyl Tertiary Butyl Ether) by HS-GC/MS 1 

The groundwater chemical test data are interpreted and assessed in Section 7.5. 

4.3 Geotechnical Testing 

4.3.1 Geotechnical Laboratory Testing 

The geotechnical tests undertaken by Hydrock are summarised in Table 4.5 and the test certificates are 
provided in Appendix C. Wherever possible, UKAS accredited procedures have been used. 

Table 4.5: Summary of sample numbers for geotechnical tests 

Test Made Ground Glacial Till Chester 
Formation 

Soil Water content - 12 - 

Atterberg limits  - 12 - 

Particle size distribution (sieve/sedimentation) - 1 1 

Sulphate and aggressive chemical environment 
classification for buried concrete classification 
(full BRE SD1 suite) 

3 2 1 

Single stage undrained triaxial compressive 
strength 

- 4 - 

One dimensional oedometer consolidation - 2 - 

Remoulded California Bearing Ratio at natural 
moisture content (soaked) 

1 1 - 

4 Hydrock minimum waters/soil leachate analysis suite comprising — Ag, Al, As, B, Ba, Cd, Co, Cr (III), Cr(VI), Cu, Fe, Hg, Mn, Mo, Na, Ni, Pb, Sb, 
Se, Sn, Zn, V, cyanide (total), phenols (total), ammonium, bromate, chloride, fluoride, nitrate, nitrite, sulphate, PAH (speciated), pH, EC and 
hardness 



 

University of Manchester: The Relocation of The Limes, Fallowfield Campus | University of Manchester | Ground Investigation Report | LIMES-HYD-XX-XX-RP-G-2001 | 5 August 2024  12 

5. Ground Investigation records and data 

5.1 Physical Ground Conditions 

5.1.1 Summary of Strata Encountered 

The following presents a summary of the properties of the ground and groundwater conditions 
encountered, based on field observations, interpretation of the field data and laboratory test results, 
taking into account drilling, excavation and sampling methods, transport, handling and specimen 
preparation.  

All relevant data from the Hydrock investigation discussed in Section 4 are used from this point forward.  

Details of the Hydrock ground investigation works are provided in the logs in Appendix B, a summary of 
the ground model is presented in Table 5.1  

Table 5.1: Strata encountered 

Stratum  Depth to top 

(m bgl) 

Depth to base 

(m bgl) 

Thickness 

(m) (range) 

Thickness 

(m) (average) 

Surface Cover – Asphalt 
Hardstanding 

0.00 – 0.15 0.07 – 0.15 0.07 – 0.15 0.15 

Non-General Made 
Ground 

0.07 – 0.15 0.17 – 0.55 0.10 – 0.45 0.19 

‘General’ Made Ground 0.17 – 0.55 0.40 – 1.65 0.23 – 1.40 0.71 

Glacial Till 0.35 – 1.65 3.65 -4.70 2.65 – 3.80 3.20 

Chester Formation 3.65 – 4.70 >5,.45 Unproven Unproven 

5.1.2 Surface Covering 

The following surface cover was identified during the field reconnaissance and the fieldworks: 

» Asphalt hardstanding, covering approximately 85% of the site and noted to be in generally good 
condition with some significant scars associated with services).  

» Landscaped areas (grass, shrubs and trees), covering approximately 15% of the site.   

5.1.3 ‘Non-General’ Made Ground 

The ‘Non General’ Made Ground was present directly below the asphalt hardstanding between 0.07 and 
0.55m bgl and comprised of a layer of Type 1 sub base material of grey sandy GRAVEL of limestone. 

5.1.4 ‘General’ Made Ground 

‘General’ Made Ground was present in each exploratory hole location, with an average thickness of 0.71m 
bgl. Made Ground under the proposed building was generally 1.00m; however, it was indicated to be 
thinner to between 0.40-0.80m below the south east of the building footprint. Made Ground was locally 
deep in WS01 (below the south eastern section), potentially associated with the former stands and was 
present to 1.65m bgl.  

The base of Made Ground is shown on Hydrock’s drawing “LIMES-HYD-XX-XX-D-G-00003”, presented in 
Appendix A.. 

The ‘General’ Made Ground encountered in the majority of locations beneath the Type 1 comprised a soft 
to firm low strength, blackish grey, locally gravelly silty CLAY, containing a gravel content of brick, coal, 
mudstone and sandstone. Within WS06 and WS07 the ‘General’ Made Ground contained a very weak 
organic (humic) odour. 

Beneath the location of the former stands (WS01 and WS02 in the south east) was a granular Made 
Ground of loose dark grey/BLACK gravelly clayey/silty ashy SAND with a gravel content of brick, shale, 
clinker and coal.  

Beneath the location of the former earthworks features the granular Made Ground comprised pale red 
SAND and GRAVEL and a black ashy GRAVEL. 

5.1.5 Glacial Till  

The top of the Glacial Till ranged from 0.35m to 1.65m bgl, the deepest being in the south east within 
WS01. The thickness of the Glacial Till was proven as between 2.65m and 3.80m.  

Directly below the Made Ground the shallow Glacial Till extending to 2.00m to 2.20m bgl comprised a 
soft to firm, light grey mottled yellow/blackish brown silty CLAY. At depth the Glacial Till is a firm 
becoming very stiff high to very high strength, reddish brown mottled grey, slightly sandy slightly gravelly 
CLAY, with a gravel content of mudstone, sandstone  and coal.  

In the centre and west (beyond the proposed building footprint) the deeper Glacial Till was encountered 
as a firm to stiff medium becoming high strength, reddish brown silty CLAY.  

At 3.20m to 3.80m bgl the Glacial Till becomes sandy and friable with frequent fragments of coal. 

5.1.6 Weathered Chester Formation 

The top of the weathered Chester Formation was encountered in the majority of locations across the site 
ranging between 3.65m and 4.70m bgl and was recovered as a dense, reddish brown SAND, or a dense 
reddish brown gravelly SAND, with a gravel content of quartzite. The top of bedrock is shown on drawing 
LIMES-HYD-XX-XX-D-G-00004, which is presented in Appendix A.. 

The base of the Chester Formation was not proven. 

5.1.7 Cross Section 

Figure 5.1 is a typical cross section from west to east below the proposed building footprint with Made 
Ground extending to 1.00m bgl. The soft to firm low strength silty CLAY present to 1.50m/2.00m depth in 
the west, and 2.00m bgl in the centre. The deeper very stiff to stiff high to very high strength slightly 
sandy slightly gravelly CLAY present to 3.1.0m and 4.20m bgl. The weathered Chester Formation base 
was unproven and groundwater in the bedrock is present from 4.30m to 4.45m bgl (blue line). 
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Figure 5.1: Typical Cross Section below the proposed building 

5.1.8 Visual and Olfactory Evidence of Contamination (Soil) 

In addition to the more common man-made constituents (ash, clinker, plastic, etc), described above in 
Section 5.1.4, visual and olfactory evidence of contamination was noted in one location, detailed in Table 
5.2. 

Table 5.2: Visual and olfactory evidence of contamination - soils 

Stratum Location Depth (m 
bgl) 

Description 

Made Ground WS09 1.00 to 1.10 Very weak hydrocarbon odour 

 

WS09 is located below proposed landscaping in the south west of the site and are not considered to 
pose a risk ton controlled waters as they are outside of an area which will potentially be piled. 

5.1.9 Soil Organic Carbon Content 

Using a conversion between fraction of organic carbon content and total organic carbon content (e.g. 
1.0% TOC = 0.010 FOC), the total organic carbon content has been calculated.  

For the Made Ground the total organic content ranged from 1.5 to 2.6% and the Glacial Till ranged from 1.3 
to 1.5%. 

5.2 Groundwater 

5.2.1 Groundwater Observations and Levels. 

Groundwater encountered during the investigation is listed in Table 5.3. A groundwater observation 
represents the depth at which groundwater was first observed and is likely to be deeper than the actual 
water table level at that location. 

Table 5.3: Groundwater occurrence 

Stratum Date  Location Fieldwork Comment 

Groundwater 
observation (m bgl) 

Made Ground 02/03/24 BH01 0.70 Slow Inflow 

Glacial Till  03/03/24 
to 
04/03/24 

WS05 1.20 Slow Inflow 

WS06 1.20 Slow Inflow 

WS08 3.00 Moderate Inlow 

Groundwater levels recorded during post-fieldwork monitoring are summarised in Table 5.4. 

Table 5.4: Groundwater level data summary 

Stratum Date range Location Response Zone 
Level (m AOD) 

Post-fieldwork monitoring 

Depth to 
groundwater 

(range) (m bgl) 

Groundwater 
elevation (range) 

(m OD) 

Glacial Till 09/04/24- 
29./04/24 

WS05 43.25 to 40.47 0.60 - 0.77 43.57 – 43.40* 

WS08 43.25 to 
40.47 

43.25 to 40.47 0.96 – 1.10 43.59 – 43.45* 

*Response Zones are flooded.  

5.2.2 Soakaway Suitability 

The site is underlain by low permeability Glacial Till, comprising sandy gravelly CLAY/silty CLAY. The 
ground investigation and post investigation monitoring confirmed a localised/discontinuous perched 
groundwater at the interface of the Made Ground and Glacial Till 

Therefore, given the underlying low permeability clays and possibility for shallow perched groundwater, 
there is unlikely to be a suitable unsaturated zone at the proposed depth of a soakaway. 

5.2.3 Groundwater Summary 

The post fieldworks monitoring has proven that there is a perched groundwater table at the interface of 
the Made Ground and Glacial Till between 0.60m and 0.77m bgl (43.57 to 43.40m AOD).  

It is likely that the 40cm to 50cm of water within BH01 and BH02 present between 4.30m and 4.63m bgl 
(40.06m to 39.81 m AOD) is representative of seepage of perched groundwater on top of the Glacial Till, 
migrating into the well below the bentonite seal. 

Within WS08 the groundwater appears to be associated with a band of sand at 3.00m bgl which is under 
sub artesian pressure rising to 0.96 to 1.10m bgl (43.59 – 43.45m AOD). 

5.3 Ground Gases 

Records from the gas monitoring boreholes are presented in Appendix D and summarised in Table 5.5. 

Four ground gas monitoring visits have been completed as part of this commission, aligning with 
BS8576:2013 monitoring regime for a low risk commercial building and a very low gas generation 
potential (i.e. Made Ground up to or <1.00m). The data are assessed in Section 7.6. 
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Within Table 5.5. the consistently elevated methane and carbon dioxide readings are from BH01 and 
BH02, likely associated with ground gas migrating through the Chester Formation from an anthropogenic 
source within the wider area.  

Although carbon monoxide is elevated within WS05 and WS08 during the 1st visit at 168ppm and 235ppm 
the oxygen level within the wells do not suggest anoxic conditions. There is no likely source of carbon 
monoxide on the site and therefore these elevated concentrations are likely due to the flooded response 
zone trapping gases and are not considered to be representative of the actual conditions within the soils. 

Table 5.5: Range of ground gas data 

Stratum  Methane  

(%) 

Carbon 
dioxide (%) 

Oxygen  

(%) 

Carbon 
Monoxide 

(ppm) 

Hydrogen 
Sulphide 

(ppm) 

Steady flow 
rate  

(l/hr) 

Chester 
Formation 

<0.1 – 2.0 <0.1 – 9.1 10.8 – 21.3 <1 <1 <0.1 – 2.4 

*WS05 and WS08 included flooded response zones therefore the data has not been included within Table 5.5 as its considered 
misrepresentative of the ground gas regime.  

5.4 Geotechnical Data 

5.4.1 Introduction 

Laboratory test results are contained in Appendix C with in situ test results shown on the relevant 
exploratory hole log or datasheet in Appendix B. The following sections summarise the main findings and 
provide interpretation where appropriate. 

5.4.2 Plasticity  

The volume change potentials in terms of BRE Digest 298 with respect to building near trees have been 
determined from the results of plasticity index tests on samples of soil. These are summarised in Table 
5.6. 

Table 5.6: Volume change potential 

Stratum No. of 
tests 

Plasticity Index 

 

Modified 
Plasticity Index 

 

Plasticity 
designation 

Volume Change 
Potential 

Min. Max
. 

Av. Min. Max
. 

Av. 

Glacial Till 12 13 25 22 16 25 21 Low to medium  Low to medium   

*Out of 12 tests, nine Atterberg Limits test indicated medium volume change potential with modified 
plasticity index >20%. 

5.4.3 Soil Water Content with soil index properties 

Presented in Figure 5.2 is a soil water content profile showing a comparison between soil moisture 
content and the Liquid Limit. A value less than 0.4 times the Liquid Limit is normally considered as 
significantly desiccated and this is shown by the vertical line. 

 

Figure 5.2: Soil Water Content- Moisture Content/Liquid Limit against depth (m bgl)  

Shown on Figure 5.3, is a profile of liquidity Index calculated from soil moisture content (w) – Plastic Limit 
(PL) divided by Plasticity Index (PI). Where a liquidity index of 0 represents a soil moisture content at the 
Plastic Limit. Negative values represent soils that are potentially desiccated with soil moisture content 
drier than the plastic limit.  

 

Figure 5.3: Liquidity Index against depth (m bgl) 
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Figure 5.2 and Figure 5.3 do not constitute a full desiccation assessment in accordance with BRE Digest 
298 which requires a more comprehensive sample set over depth. However, Figure 5.2 shows the Soil 
Water Content (%) over depth does not indicate considerable desiccation. Figure 5.3 although does not 
show negative value, the liquidity index within WS04 at 2.00m, WS06 at 2.00m and 3,50m bgl are in the 
order of 0.0 to 0.4, therefore close to becoming negative and with a more coarser sample set, negative 
values may be present indicating potential desiccated soils.  

5.4.4 Particle Size Distribution 

Particle Size Distribution test (PSDs) results are summarised in Table 5.7 and summary descriptions and 
PSD plots of the material analysed are presented in Appendix C. 

Table 5.7: PSD results summary 

Stratum  No. of 
tests 

Silt/Clay 
% 

Sand % Gravel % General description 

Glacial Till 1 67 31 2 Reddish brown slightly sandy slightly 
gravelly CLAY 

Chester 
Formation 

1  27 73 0 Reddish brown/ dark red very silty SAND 

 

5.4.5 Soil Strength 

Table 5.8 summarises information pertaining to the shear strength of the soils according to geological 
stratum. Factual results are summarised for laboratory tests, field tests (e.g. hand shear vane) and 
uncorrected Standard Penetration Tests (SPT). Where the SPT is used to infer shear strength by published 
correlation, this is also tabulated. A shear strength versus depth profile is summarised in Figure 5.4, and 
plots are presented in Appendix C. 

Table 5.8: Soil strength results and derived values  

Stratum No. of 
tests 

SPT 

(N60-
value) 
(range) 

cu (kPa) c’ (kPa) phi’ (°) Method 

Glacial Till  34 6 - 46 31 - 230 

2 26 

SPT – windowless 
sampler boreholes. 

2 15 - 18 76 - 92 SPT – cable percussion. 

4 - 74 - 300 Laboratory triaxial test 

8 - 25 - 148 Hand shear vane 

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

 

 

Figure 5.4: Undrained Shear Strength over depth (m bgl) 

 

 

Figure 5.5: Undrained Shear Strength against level (m AOD) 
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Shown in Figure 5.4 the undrained shear strength at 1.20m bgl is in the range of low to medium strength 
with values in the order of 38 to 75kN/m2. At 2.00m bgl the data clustering suggests that the Glacial Till is 
of high strength with values in the order of 75 to 100kN/m2. Below 3.00m bgl the clay becomes high to 
very high strength with values >100 kN/m2. 

As shown in Figure 5.5 the undrained shear strength plot shows a strong relationship between undrained 
shear strength, generally between 43.1.m AOD and 42.44m AOD the Glacial Till is of medium strength in 
the order of 44 to 77kN/m2. Between 42.44m AOD and 41.3m AOD the Glacial Till is high strength with 
undrained shear strengths in the order of 75 to 150kN/m2. Below 41.3m AOD the undrained shear 
strength indicates a very high strength clay.  

5.4.6 Relative Density 

Table 5.9 summarises information pertaining to the relative density of the granular soils according to 
geological stratum.  Factual results are summarised for field tests (e.g. SPT correlation).  

Table 5.9: Relative density results and derived values  

Stratum No. of 
tests 

Method SPT 

(N60-
value)  

phi’ (°) 

Chester 
Formation 

9 SPT – windowless sampler boreholes 
(Peck et. al. (1967). 

36  62 32-36 

2 SPT – cable percussion (Peck et. al. 
(1967). 

54 35 

5.4.7 Compressibility 

Table 5.10 presents a summary of the derived parameters for coefficient of consolidation and 
compressibility. The data indicates that the Glacial Till is generally of medium to high compressibility over 
the pressure ranges tested.  

Table 5.10: Summary of compressibility 

Stratum No. of 
tests / 
results 

Method Pressure range 

(kN/m²) 

Coefficient of 
volume 
compressibility 
(mv) 

(m²/MN) 

Coefficient of 
consolidation 
(Cv) 

(m²/yr) 

Glacial Till 36 Correlation with 
SPT* 

- 0.33 - 0.04 - 

2 One Dimensional 
Oedometer Testing 

10-20 0.12 – 0.02 1.7 

40-80 0.45 – 0.36 1.8 – 0.7 

160 0.23 – 0.22 2 – 1.4 

Unload 0.08 – 0.05 - 

* An f2 value of 0.50 has been used based on a plasticity index of 22. (Tomlinson (2001), after Stroud)). 

** Derived mv of <0.01 recorded for the less weathered/intact bedrock layers 

5.4.8 Subgrade Stiffness 

The subgrade stiffness (CBR and Subgrade Surface Modulus) results are summarised in Table 5.11. 

Table 5.11: CBR results and derived values 

Stratum No. 
tests 

Method Subgrade Surface 
Modulus r (MPa) 

(Range) 

CBR (%) 

 

Made Ground 1 Laboratory remoulded 
sample at Natural Moisture 
Content (NMC) 

130 11.6 

Glacial Till  1 11.6 0.93 

Where using the IAN method, ‘k’ has been back calculated from the Equivalent CBR. 

5.4.9 Sulphate Content 

In accordance with BRE (Special Digest 1), the Design Sulphate (DS) classification and the Aggressive 
Chemical Environment for Concrete (ACEC) classification are presented in Table 5.12. The assessment 
summary sheets are presented in Appendix C. 

Table 5.12: Aggressive chemical environment concrete classification 

Stratum No. tests DS ACEC 

Made Ground 3 DS-1 AC-1 

Glacial Till 2 DS-1 AC-1 

Chester Formation 1 DS-1 AC-1 
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6. Geotechnical Assessment 

6.1 Geotechnical Categorization of the Proposed Development 

Eurocode 7, Section 2 advocates the use of geotechnical categorization of the proposed structures to 
establish the design requirements.  

The proposed development is to comprise a two storey building utilised for food preparation. The 
proposed development will be in proximity to moderate to high water demand trees as shown on the 
Tree Constraints Plan (Drawing Referenced 16638_P02) presented in Appendix A. Therefore, it is possible 
that the foundations will require piling due to the possibility of excessive stepping in the order of 2.50m or 
>2.50m bgl.  

Based on the above, for the purposes of this investigation, the proposed structures have been classed as 
Geotechnical Category 2. For Category 2 structures, the Geotechnical Category should be re-assessed at 
the design stage and specific geotechnical design (in addition to this investigation), is required.  

Following ground investigation and as part of the assessment provided in the following section, the 
preliminary geotechnical hazard identification undertaken in Section 3.3 has been updated.   

Assessment has been undertaken in accordance with the general requirements of ICE/DETR Document 
‘Managing Geotechnical Risk’ and the HE documents HE-DMRB-G CS 641 and CD 622. The preliminary 
Geotechnical Risk Register following investigation is provided in Appendix G (Table G.3) and will need to 
be updated during future design works.   

In accordance with BS EN ISO 1997-1 (EC 7), Hydrock consider the proposed structures would be 
classified as Category 2 structures. As part of the separate geotechnical design, the designer should 
determine the geotechnical design values.   

Table 6.1 provides characteristic geotechnical values to assist the designer. These are based on 
laboratory testing, in situ testing and by professional judgement using published data together with 
knowledge and experience of the ground conditions. Care should be exercised in using these assumed 
soil strength parameters for any purpose beyond the scope of this report because it may be that 
additional sampling and testing are required for certain purposes. The reader should refer to the original 
test results summarised in Section 5.4 and provided in Appendix C. 

Table 6.1: Characteristic geotechnical values   

Parameter  

 

 

 

Stratum 

Bulk unit 
weight 

kN/m³  

Effective 
angle of 
internal 
friction 

° 

Effective 
cohesion 

kN/m² 

Undrained 
shear 

strength 

kN/m² 

Coefficient of 
compressibility 

m²/MN 

Modulus of 
subgrade 
reaction 

(IAN73/06) 

MN/m²/m 

 a φ’ b c c’ d cu e mv f k g 

Made Ground 18.2 28 0 - - 30 

Glacial Till 20.3 26 2 75 0.33 11.6 

Weathered Chester 
Formation 

23.0 32 0 - 0.01 - 

a. Measured as part of the triaxial strength test and estimated based on the recommendations of BS 8004-2015. 
b. Internal friction (φ’) values for the granular in situ material derived from SPT data following the recommendations of Peck 

et al., (1967). 
c. Internal friction (φ’) values for the cohesive in-situ material derived from BS 8004-2015, where φcv’ is derived from 

plasticity index. The use of φcv’ in the analysis is considered to provide a conservative estimate of φ’. 
d. BS 8002:1994 Code of practice for Earth retaining structures, British Standards institution. 
e. Site measurements and laboratory data. 

Parameter  

 

 

 

Stratum 

Bulk unit 
weight 

kN/m³  

Effective 
angle of 
internal 
friction 

° 

Effective 
cohesion 

kN/m² 

Undrained 
shear 

strength 

kN/m² 

Coefficient of 
compressibility 

m²/MN 

Modulus of 
subgrade 
reaction 

(IAN73/06) 

MN/m²/m 

 a φ’ b c c’ d cu e mv f k g 

f. Laboratory data. 
g. Based upon the equilibrium long term CBR from DMRB IAN 73/06 Rev 1 Table 5.1. 

6.2 Groundworks 

6.2.1 Site Preparation  

Whilst no buried obstructions were encountered by this investigation, the possibility of buried 
obstructions being encountered remains. Therefore, it is recommended that an allowance be made for 
breaking out obstructions, for example provision of pneumatic breakers for site plant. If underground 
structures cannot be removed, they will need to be surveyed in three dimensions and the new structures 
will need to be designed to accommodate them. 

Topsoil should be removed from beneath all building and hardstanding areas, the faces of shallow, near 
vertically sided excavations put down at the site are likely to remain stable for short periods of time.   

6.2.2 Groundworks 

Following breaking out of hardstanding, excavation of shallow soils should be readily undertaken by 
conventional plant and equipment. However, excavation through any buried construction may require 
heavy-duty excavation plant and the use of specialist breaking equipment 

Due to the fairly shallow depth of Made Ground, generally <1.00m bgl and underlying firm to stiff clays, 
the faces of shallow, near vertically sided excavations put down at the site are likely to remain stable for 
short periods of time.   

Temporary trench support, or battering of excavation sides, is recommended for all excavations that are 
to be left open for any length of time and will definitely be required where man entry is required. 
Particular attention should be paid to excavation at, or close to, adjoining existing roads/buildings, where 
collapse of excavation faces could have a disproportionate effect.   

A risk assessment of the stability of any open excavation should be undertaken by a competent person 
and appropriate measures adopted to ensure safe working practise in and around open excavations. 
Further guidance on responsibilities and requirements for working near, and in, excavations can be 
obtained from the Construction Design and Management Regulations (2015); Construction Information 
Sheet 47: Inspections and Reports (2005) and HSG47: Avoiding Danger from Underground Services. 

To ensure no loads are imposed on the sides of the excavation, spoil should not be placed immediately 
adjacent to the excavation. Spoil should be placed a suitable distance from the side of the excavation (as 
assessed by a competent person).  

Based on site observations, the rate of water ingress to the proposed excavations is likely to be slow.  In 
these circumstances, groundwater control by sump pumping is likely to be sufficient.  

Any water pumped from excavations may need to be passed via settlement tanks (to reduce suspended 
solids) before being discharged to the sewer.  Discharge consents may also be required.  

6.2.3 Earthworks 

At this stage, Hydrock is not aware of proposals for earthworks at the site.  
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Should earthworks be required, supplementary earthworks testing and an earthworks Specification will 
be necessary to ensure the appropriate management and reuse of the existing soils.  

If significant earthworks are required, the works may be Category 2 in accordance with BS EN ISO 1997-1 
(EC 7) and further geotechnical design may be necessary. Once site proposals have been further defined 
more specific consideration will need to be given to the reuse of materials and reference should be made 
back to this office. 

6.3 Foundation Recommendations 

In accordance with EC7, BS EN 1997-1+A1 (2013), the proposed building is considered to be Geotechnical 
Category 2 should a piled solution be required. However, if pad foundations of <2.50m are considered 
appropriate the classification could be lowered to Category 1.  As such, foundation recommendations are 
presented to aid development proposals only and separate geotechnical design will be required if piling 
is necessary. 

6.3.1 Spread foundations 

Following an assessment of foundation depth due to tree influence, pad foundations may be considered 
suitable with dwarf wall structures and trench foundations. The pad foundations should be founded at 
least 300mm into the stiff or better clays of the Glacial Till below the tree zone of influence. 

As a guide, a permissible bearing capacity of 150kN/m² is considered appropriate for a pad foundation of 
1.5m by 1.5m bearing in the stiff clays of the Glacial Till, subject to confirmation of settlement being within 
acceptable and serviceable amount. 

If enlarging the foundations is considered (for example because loads are such that the quoted 
permissible bearing pressure is inadequate) this could lead to increased settlements and the above 
recommendations should be reviewed.    

Based on the medium volume change potential of the clay soils, the minimum founding depth for pad 
foundations is below the base of the Made Ground, and to below the depth of influence of trees from 
desiccation effects and roots at 2.50m bgl, as outlined within (tree influence and ring exercise undertaken 
in accordance NHBC chapter 4.2 presented in the Stage 2 Civils and Structural Report referenced LIMES-
HYD-XX-XX-RP-S-0001. 

If trees are to be removed, the roots should be grubbed out and foundations extended to below the zone 
of disturbance created by this activity and to below any remaining root hairs.    

Deepening of foundations in accordance with BRE 240 and BRE 298 will be required where pad 
foundations are within the zone of influence of existing, removed or proposed trees and proposed shrub 
planting. NHBC Standards (Chapter 4.2) should also be taken into account.   

Where it is not practical to deepen individual pads beyond the influencing distance of the desiccated 
soils, it is recommended that bulk excavation of the affected area be undertaken and, following moisture 
conditioning, the soils are replaced to an Engineered Specification. 

Where foundations are within the zone of potential desiccation from trees and are deeper than 1.5m bgl, a 
suitable compressible material or void former will be required on the inside faces of foundations to 
external walls, and beneath piled ring beams and ground bearing floor slabs. 

Foundation formations should be inspected by a geotechnical engineer or other suitably competent 
person to ensure the founding conditions are suitable and as indicated in this report. Any formation 
materials deemed as unsuitable should be excavated and replaced with lean mix concrete or deepened 
to suitable strata. 

Foundation excavations should be protected from rain and snow and inflow of surface water, frost and 
freezing conditions.  They should also be protected from drying out in hot dry weather. 

Any water that collects at the base of the foundation excavations should be removed by pumping from a 
sump in the base.  

To ensure underlying soils are not desiccated as discussed in Section 5.4.3, it would be prudent to 
complete a desiccation assessment involving additional window sample boreholes, including assessment 
boreholes close to trees and control boreholes outside of tree influence zones, with a coarser sampling 
regime to assess the soil moisture content and soil index properties over 0.50m intervals down to the 
base of the Glacial Till at approximately 4.30m bgl. Should the chosen foundation option be piled then a 
desiccation assessment will not be required but the designer will still need to consider desiccation .  

6.3.2 Piled Foundation 

Piled foundations may be required, to deepen foundations to below the influence of trees. 

Depending on column loads and layouts, piles should extend through the Made Ground and below the 
influence of trees in the Glacial Till and to a suitable depth into the underlying dense weathered Chester 
Formation.  

Driven piles should be suitable to support the foundations for the structure. However, the choice of piling 
system should be undertaken by a specialist piling Contractor and the design of piles is beyond the 
scope of this report.  The decision on pile type and design should take into account the following factors 
relevant to the site: 

» Piles should extend a minimum of five pile diameters into the dense Chester Formation to mobilise 
sufficient shaft friction and end-bearing resistance to carry the required loads without unacceptable 
settlement. 

» Where foundations are constructed on clay soils within the influencing distance of trees design 
should include for the upper section of the pile to be sleeved or additional length allowed for to resist 
stresses from clay swelling or shrinkage.  In addition, heave protection may be required on the inside 
faces and underside of the ground beams.  

The pile design should be undertaken by a specialist based on loading criteria and the serviceability limit 
states provided by the structural engineer.  

6.3.3 Foundation works risk assessment  

As there is a low risk to Controlled Waters, Hydrock believes that a foundation works risk assessment is 
not required as the proposed piling, will not result in a significant increase in risk of pollution to Controlled 
Waters.   

6.3.4 Working platform  

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

6.4 Ground Floor Slab 

As Made Ground greater than 600mm thick and clay soils of medium volume change potential are 
present at the site, it is recommended that suspended floor slabs with a void be adopted, supported by 
either ground beam or subwall over pad foundations.  

Ground floor slabs should be designed to incorporate any gas mitigation measures that may be required, 
as discussed later within this report. 
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6.5 Roads and pavements 

Based on the test results and subject to in situ testing during construction, it is considered likely an 
equilibrium CBR of 2.5% will be achievable for the shallow Type 1 materials or granular Made Ground. For 
the shallow soft to firm Glacial Till an equilibrium CBR of less than 2.5% is likely present.  

Proof rolling of the formation level will be required and any loose or soft spots should be removed and 
replaced with an engineered fill, in accordance with a suitable Specification. The formation level will also 
need to be protected during inclement weather from deterioration; all slopes should be trimmed to falls 
to shed rain water and the surface sealed to limit infiltration. 

Prior to the placement of the founding materials and the construction of the road pavement, the sub-
formation and formation will need to be inspected and checked in accordance with a suitable 
specification to ensure the ground conditions are as expected. All testing should be carried out in 
accordance with DMRB IAN 73/06 to confirm that the ground conditions at time of construction are 
consistent with the previous design parameters.  

Where the CBR is found to be less than 2.5% for formations on the soft t firm Glacial Till, the sub-grade 
may be unsuitable for both the trafficking of site plant and as support for a permanent foundation, without 
improvement works being undertaken. Improvement works should be carried out in accordance with 
DMRB IAN 73/06 Rev 1 Chapter 5. In summary, consideration may be given to the following potential 
remedial techniques: 

» excavation and re-engineering or replacement of weaker soils; and 

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

6.6 Drainage 

The underlying ground is cohesive, so discharge to soakaway is not a workable solution.  There are no 
watercourses in the immediate vicinity.  Therefore, discharge to the existing private surface water 
drainage network is the most appropriate option. 

6.7 Buried Concrete 

Based on guidelines provided in BRE Special Digest 1 (BRE 2005) and the information presented in 
Section 5.4.9 (Table 5.12): 

» The shallow soils (Made Ground, Glacial Till and Chester Formation) can be classified as Design 
Sulphate Class DS-1 and ACEC Class AC-1. 

This equates to a Design Chemical Class5 of: 

» DC-1 for the shallow soils (Made Ground, Glacial Till and Chester Formation); 

The designer should check and confirm the classification of concrete using the information presented in 
Appendix C. 

 
5 The calculated ACEC class can be used in accordance with BS 8500-1+A2 (2019), Table A.10 to select the Designated Concrete (DC) class 
for an intended working life of 50 years.  However, the designer is referred to BS 8500-1+A2 (2019), for full details and notes to Table A.11, 
including any Additional Protective Measures (APMs).   

7. Geo-environmental Assessment 

7.1 Updated Conceptual Model 

7.1.1 Updated ground model 

The initial CSM developed from the review of the desk study 2 has been updated using the findings of the 
ground investigation and is presented in 5. The updated CSM is the basis for the geo-environmental 
assessment presented in this section. 

7.1.2 Updated exposure model 

7.1.2.1 Sources 

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

7.1.2.2 Receptors 

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

7.1.2.3 Pathways 

No pathways have been removed from, or added to, the exposure model. 

Using the updated ground model and updated exposure model, generic risk assessment is undertaken as 
presented below.  

7.2 Risk Assessment Approach 

Using the updated CSM, a  Stage 1 Tier 2 generic quantitative risk assessment (GQRA) for identified 
receptors based on all media sampled has been undertaken in accordance with the principles of LCRM.  

Firstly, the risks associated with the identified potential contaminant linkages have been estimated using 
standardised methods (typically involving comparison of site data with published ‘screening values’). 
Secondly, where screening values are exceeded, the result has been evaluated in an authoritative review 
of the findings with other pertinent information to determine whether or not the exceedance is or is not 
acceptable in the site-specific circumstances. 

The data sets used in the assessment comprise the analytical results obtained by Hydrock as listed in 
Section 4.2.3. 

In cases where potentially unacceptable risks are indicated and/or the land is potentially unsuitable for 
its intended use, actions such as more advanced stages of risk assessment (Tier 3, detailed quantitative 
risk assessment (DQRA)) or remediation are proposed in Section 7.11.  

7.3 Human Health Risk Assessment 

7.3.1 Soils Assessment 

7.3.1.1 Generic Assessment Criteria 

The soil screening values used are Generic Assessment Criteria (GAC) (i.e. derived in accordance with EA 
CLEA guidance (2009) using the updated exposure model detailed in Defra SP1010 (2014), with the 
exception of published C4SLs. The term 'GAC' used in this report is inclusive of all generic soil screening 
values. 



 

University of Manchester: The Relocation of The Limes, Fallowfield Campus | University of Manchester | Ground Investigation Report | LIMES-HYD-XX-XX-RP-G-2001 | 5 August 2024  20 

The proposed development is bound by sensitive land uses including a residential development directly 
north and University Halls of Residence to the east, west and south. Therefore, the generic assessment 
criteria (GAC) is based on a conservative residential public open pace CLEA land use scenario, to align 
with the bordering sensitive land uses adjacent to the site.  

GAC are selected based on the following hierarchy: 

» Category 4 Screening Levels (C4SL), where available. 

» SoBRA Acute GAC for free cyanide, as acute dose toxicity is the primary risk driver. 

» Hydrock GAC, derived by Hydrock as detailed in Appendix E. 

The potential risks to human health arising from the presence of volatile contaminants in groundwater 
have been assessed in accordance with the SoBRA GW GAC guidance (2017). This is a preliminary 
approach whereby GAC have been developed using the CLEA v1.071 model for indoor air and outdoor 
inhalation pathways only, assuming a residential or commercial end-use.  Exclusion screening distances 
for assessing vapour intrusion risk are also considered as an additional line of evidence where 
appropriate.  Human health risk from the consumption of potable water (if relevant) is addressed by the 
Controlled Waters Risk Assessment with the adoption of drinking water guidelines and standards as the 
assessment criteria (see Section 7.5). 

7.3.1.2 Data sets 

The data set used in this report is based on the conceptual site model and the proposed development, 
and is taken to be based on the following site zones, with the data separated into Made Ground and 
natural Glacial Till.  

GAC based on a conservative soil organic matter (SOM) of 1% have been adopted for all soils. Assessment 
sheets are presented in Appendix E. 

7.3.1.3 Assessment Results 

Based on individual test results that exceed the GAC, the chemicals of potential concern (CoPC) which 
require further assessment are summarised in Table 7.1. 

Table 7.1: CoPC in soils which require further assessment (human health) 

CoPC GAC 
(mg/kg) 

GAC Source No. 
samples 

Min. 
(mg/kg) 

Max. 
(mg/kg) 

No. 
samples 
>GAC 

Made Ground 

Beryllium  2.2 Hydrock GAC 5 0.97 2.6 2 

Benzo(a)anthracene 29 Hydrock GAC 5 1.1 83 4 

Benzo(a)pyrene 10 C4SL 5 1.2 73 4 

Benzo(b)fluoranthene 7.2 Hydrock GAC 5 1.3 93 4 

Chrysene 57 Hydrock GAC 5 1.3 79 1 

Dibenz(a,h)anthracene 0.57 Hydrock GAC 5 0.14 9.2 4 

Glacial Till  

No exceedances 

The individual analytical results have been compared with the relevant GAC in the summary table 
Appendix E. From this, the CoPC in Made Ground there are elevations for beryllium and pervasive PAHs. 
The presence of beryllium and pervasive PAHs in Made Ground requires further consideration.  

7.3.2 Asbestos 

There was no visual evidence of Asbestos Containing Materials (ACM) encountered during the ground 
investigation. Asbestos has been identified by laboratory testing of soil samples as provided in Table 7.2. 

Table 7.2:  Asbestos in soil samples (laboratory testing) 

Location Depth 
(m 
bgl) 

Stratum  % 
Asbestos 
(w/w) 

Comment 

WS08 0.30 Made 
Ground 

<0.001 Loose Fibres (amosite). 

 

The presence of asbestos fibres in soil requires further consideration. 

7.3.3 Risk Evaluation  

The screening exercise has identified asbestos loose fibres, PAHs and beryllium in Made Ground at 
concentrations above the GAC. These are considered further here to assess if the exceedance may be 
acceptable with respect to the proposed development. The phrase ‘further assessment’ does not 
necessarily mean that the soil is ‘contaminated’ or not fit for use.   

7.3.3.1 Beryllium in the Made Ground 

Concentrations of beryllium were identified in the Made Ground with a GAC of 2.6mg/kg compared to a 
GAC of 2.2mg/kg. This is a very slight exceedance and is considered not to represent a risk to end users. 
Hydrock believes mitigation measures with regards to beryllium are unnecessary. 

7.3.3.2 PAHs in the Made Ground 

The Made Ground contains significant exceedances for PAHs in 4 out of 5 samples, the Made Ground is 
considered to contain pervasive concentrations of PAHs. These significant exceedances are considered 
to be an unacceptable risk, which requires mitigation for the proposed end use. 

7.3.3.3 Petroleum Hydrocarbons in the Made Ground 

Within WS09 between 1.00m and 1.10m the Made Ground contained a very weak hydrocarbon odour. 
The laboratory testing found no elevations for GACs associated with the weak hydrocarbon odours in 
WS09, therefore no further assessment is required. 

7.4 Phytotoxicity Risk Assessment 

7.4.1 Risk Estimation 

Soil contaminants, if present at sufficient concentrations, can have an adverse effect on the plant 
population. Phytotoxic effects can be manifested by a variety of responses, such as growth inhibition, 
interference with plant processes, contaminant-induced nutrient deficiencies and chlorosis (yellowing of 
leaves). Phytotoxicity is a difficult parameter to quantify given that experimental techniques vary widely 
and variations exist in plant tolerances, soil effects and synergistic/antagonistic reactions between 
chemicals. Guidelines for phytotoxicity and general plant health have been published for a limited 
number of substances for topsoil (BS BS3882:2015) , for soils used for grazing/landscaping (ICRCL 
70/90), and for agricultural uses (MAFF Code of Good Agricultural Practice). Some of these guidelines 
focus on reduced yield for agricultural crops, and in general do not define concentrations in soil at which 
plant health is necessarily significantly compromised.  The guidelines are not based on plant uptake and 
human consumption considerations, this is considered as an exposure route in the derivation of human 
health GAC. 
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Priority phytotoxic chemical concentrations have been screened against published values to determine 
the likely risk to plant growth (phytotoxic GAC). Phytotoxic GAC based on a pH of >7% have been adopted 
for all soils based on laboratory results.  

As with human health, individual sample test results are compared directly with the phytotoxic GAC. 

Based on individual test results that exceed the phytotoxic GAC, CoPC which require further assessment 
are summarised in Table 7.3. 

Table 7.3: CoPC which require further assessment (phytotoxic) 

CoPC GAC 
(mg/kg) 

Basis for 
GAC 

No. 
samples 

Min. 
(mg/kg) 

Max. 
(mg/kg) 

No. samples 
>GAC  

Made Ground 

No exceedances 

Glacial Till  

Zinc 300 BS3882:2015 3 43 700 1 

Weathered Chester Formation 

No Exceedances 

 

Detriment to plant life is difficult to quantify and many of the GAC are based on agricultural crop yields 
rather than harm to particular plant species.  

Within the Glacial Till, concentrations of zinc are elevated when compared to the GAC in one location in 
WS02 at 0.90m bgl. This exceedance for zinc within the Glacial Till is considered to be local and not 
representative of the Glacial Till where two remaining sample contained zinc concentrations of 43 to 
46mg/kg.  

Notwithstanding the concentrations of contamination identified, there is no topsoil growing medium on 
the site and this will require import. 

Prior to installing the cover system in soft landscaping area to align with the remediation strategy and 
verification plan suitable quantity of testing will be required within the Glacial Till if the Glacial Till if 
utilised in cover system does not pose a risk to plant life.  

The requirement for mitigation of risk to human health (as discussed in Section 7.3.3) will also serve to 
mitigate risks to plant life. 

7.5 Pollution of Controlled Waters Risk Assessment 

7.5.1 Risk Estimation 

The risks to groundwater and surface water from contaminants on site have been assessed in 
accordance with the Environment Agency (2006) Remedial Targets Methodology (RTM) Levels 1-2.  In 
doing so the compliance point for the assessment is set as the groundwater directly beneath the site on a 
precautionary basis. 

Site contaminant loadings are compared with relevant screening values (Water Quality Targets (WQTs), 
which are linked to the CSM.  

Acceptable WQT are defined for protection of human health (based on Drinking Water Standards (DWS)) 
and for protection of aquatic ecosystems (Environmental Quality Standards (EQS)).  

As related specifically to this site, the data are compared with criteria selected in accordance with the 
methodology presented in Appendix E. This methodology involves selecting which of several alternative 
risk scenarios apply in this case. The assessment is presented in Table 7.4 below, with the justification for 
the scenarios selected explained in the following text:  

» The Glacial Till is classified as a Secondary Undifferentiated Aquifer and the Chester Formation is 
classified as a Principal Aquifer.  

» The site is within a groundwater Source Protection Zone (SPZ) Zone 3 (Total Catchment). There are no 
active groundwater abstractions within a 1km of the site boundary. 

» An unnamed brook is present 250m west. Given the likely discontinuous nature of the perched 
groundwater within the Glacial Till and depth to groundwater within the Chester Formation it is 
unlikely to be in direct hydraulic continuity with unnamed brook. 

Table 7.4: Summary of water quality risk assessment protocol 

H
yd

ro
ck

 
sc

e
na

ri
o

 

Water body 
receptors 

Secondary 
receptors 

Example contaminant 
linkages 

RTM level and 
data used 

Water quality 
targets 

A Groundwater Human 
health 
(abstraction) 

Contaminants from site 
leach or seep into a 
groundwater body that is 
a (potential/actual) 
source of water for 
human consumption. 

RTM Level 2 - 
Groundwater. 

Direct 
comparison of 
surface water 
samples 

DWS 

Notes: This table and the results of the assessment are considered as a first screening for potential risks 
of pollution of Controlled Waters. More specific requirements may be stipulated by the relevant 
Agency. 

The results of the screening assessment are presented in Appendix E and are summarised in Table 7.5.  

In some instances, the reporting limit (or detection limit) quoted by the laboratory may be greater than the 
WQT that it is being assessed against. As the current exercise is an initial screening assessment, further 
assessment of these elements has not been undertaken. 

Table 7.5: CoPC which require further assessment (controlled waters)  

CoPC WQT 

(µg/l) 

Basis for WQT No. 
samples 

No. samples 
above LoD 

Concentration 
(µg/l) 

No. samples 
exceeding 
WQT and 
above LoD 

Groundwater in the Glacial Till 

Aluminium  200 DWS 1 1 220 1 

Mercury  1 DWS 1 1 5.6 1 

Manganese 50 DWS 1 1 1700 1 

Ammonium 50 DWS 1 1 2600 1 

Note: the maximum recorded value is compared with the water quality target.  
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7.5.2 Risk Evaluation  

The groundwater within the Glacial Till is characterised by exceedances for Aluminium, Mercury, 
Manganese and Aluminium. 

A review of the BGS baseline report series for the Permo Triassic Sandstones of Manchester and East 
Cheshire, provides evidence that the contaminants in the groundwater within the Glacial Till are naturally 
occurring background concentrations and within the range of reported baseline concentrations. 

The 97.7th percentile for Aluminium in the sandstone bedrock is 357µg/l compared to concentrations in 
the groundwater within Glacial Till of 220µg/l.  

The maximum for Ammonium is 5400µg/l. compared to concentrations on site of 2600µg/l. and the 
97.7th percentile is 1700µg/l. The Ammonium concentrations in the Glacial Till are below the maximum 
baseline concentrations and close to the 97.7th percentile concentrations.  

There is an exceedance within the groundwater for manganese, which is considered to be naturally 
occurring and explained by locally reducing conditions causing reduction of the manganese (IV) to 
manganese (II), which is more soluble and hence dissolve into solution. The manganese within the 
groundwater within the Glacial Till is less then the maximum baseline concentrations within the bedrock. 

Mercury (inorganic) concentrations within soil samples of Made Ground were low in the order of 0.3 to 
0.5mg/kg, therefore the onsite Made Ground is unlikely to be a source of the Mercury given that it is 
underlain by up to 2.00m of low permeability Glacial Till above the groundwater at 3.00m bgl.  

Also given that the groundwater exceedances are inorganic in nature, if the source of the exceedances 
was from the anthropogenic Made Ground onsite, the significantly elevated PAHs present in the Made 
Ground would also be present in the groundwater.  

Very weak hydrocarbon odours were present towards the base of the Made Ground in WS09 at 1.00m to 
1.10m bgl and during the historical ground in BH16/1A at 0.70m and BH17/1A at 0.80m bgl. Hydrock have 
drilled close the locations previously investigated and did not encounter similar hydrocarbon odours.  

Given the absence of hydrocarbons previously encountered, hardstanding being present across the 
majority of the site and low permeability Glacial Till underlies the Made Ground, infiltration will be 
restricted, therefore its considered unlikely that hydrocarbons will become mobile as they leach out of 
the Made Ground and for this reason are not considered to pose a risk to the principal aquifer in the 
Chester Formation.  

Therefore, based on the concentrations of the inorganic contaminants being within the reported ranges of 
the baseline concentrations in the sandstone bedrock and low likelihood of the Made Ground onsite 
being source of the inorganic contaminants due to the absence of elevated PAHs in the groundwater the 
site is considered to pose a low risk to controlled waters.  

7.6 Ground Gas Risk Assessment 

7.6.1 Data 

As per BS8576:2013 Decision Matrix for Initial Monitoring, it is judged from the available evidence that the 
gas generation potential at the site is very low (due to due to the shallow depth of Made Ground and low 
organic content) and as per Tables 5.5a and 5.5b CIRIA C665, the sensitivity of the development is low 
(due to food preparation, commercial end use). Consequently, and in accordance with CIRIA C665 (Table 
5.5a and 5.5b) and Figure 6 BS8576:2013, an appropriate minimum monitoring regime is four readings 
over one months, provided other monitoring requirements are also met, such as prevailing atmospheric 

 
6 Note: GSV is synonymous with ‘site characteristic hazardous gas flow rate’ (Qhgs) of BS 8485:2015 +A1:2019 Table. 

pressure conditions (for example, BS 8485:2015 +A1:2019 and CL:AIRE TB17 advocate that monitoring 
should include a period of rapidly falling atmospheric pressure). 

Hydrock has undertaken four readings required, including a period of falling atmospheric pressure . As 
such, the conclusions presented below are considered final.  

7.6.2 Assessment  

The risks associated with the ground gases methane (CH4) and carbon dioxide (CO2) have been assessed 
using BS 8485:2015 +A1:2019, 

The assessment guidelines set out in Table 2 of BS 8485 are based on interpretation of the gas 
concentrations and the gas flow rates. The quantitative assessment has been carried out by comparing 
the individual gas concentrations and gas screening values (GSV6) in Appendix D with the published CS 
thresholds (BS 8485 Table 2), in addition to a worst-case GSV assessment in accordance with section 
6.3.7 of BS 8485. The assessment is summarised in Table 7.6 and the full assessment is presented in 
Appendix D. As the response zones within WS05 and WS08 are flooded they have not been included 
within the ground gas risk assessment.  

Table 7.6: Ground gas risk assessment 

Flow / gas Min Max Typical (i) Comment  

Steady Flow Rate 
(l/hr) 

<0.1 2.4 <0.1 – 1.0 - 

Methane (%) <0.1 2.0 >1 The typical methane concentration is greater 
than 1% and the typical carbon dioxide 
concentration is greater than 5%.  

Given that there is a potential source (via the 
Chester Formation) Hydrock considers that as a 
precautionary measure the Characteristic 
Situation indicated by the GSV requires raising 
by one level if the foundations proposals are to 
pile the building. 

Carbon Dioxide (%) <0.1 9.1 >5 

Carbon Monoxide 
(ppm) 

<1 <1 <1 - 

Hydrogen 
Sulphide (ppm) 

<1 <1 <1 - 

Oxygen (%) 10.8 21.3 <16 The oxygen concentrations suggest anoxic 
conditions are preset within the monitoring 
wells.  

Carbon Dioxide 
GSV (l/hr) 

0.005 0.168 <0.7 CS2 

Methane GSV 
(l/hr) 

0.000 0.043 <0.07 CS1 

(i) Hydrock assumes that values are considered to be atypical if 95% or more of the remaining data are less than 
the value under consideration. 

As indicated in Table 7.6, the computed GSV for carbon dioxide indicates CS2 conditions. Also, methane 
and carbon dioxide concentrations have been measured at concentrations ‘typically’ above 1% and 5%.  

The worst case gas screening value for carbon dioxide is 0.2184 l/hr, indicating CS2 conditions.  The 
worst case gas screening value calculates from highest flow at 2.4l/hr and highest carbon dioxide at 9.1%.  
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The source of the ground gas is likely from degradation of organics from an anthropogenic Made Ground 
source in the wider area which is utilising the Chester Formation as a preferential pathway. 

Should the building be piled there is potential that a preferential pathway would be formed whereby 
ground gas could travel up the pile length and through gaps in construction. If the foundation solution is 
pad foundations, the of 1.50m of low permeability clays under the foundation and above the Chester 
Formation would remove the pathway for ground gas to enter the building.  

As such if the building is piled, the classification requires additional consideration and the site is classified 
as Characteristic Situation 2. 

Based on the data to date, mitigation measures are required if a piled solution is adopted for the building. 
These are described in Section 7.11. 

7.6.3 Off-site risks from carbon dioxide and methane 

The National Planning Policy Framework in England requires that a developed site should be incapable of 
being determined as contaminated land under Part 2A of the Environmental Protection Act 1990. This 
position includes a consideration of the potential for off-site migration of ground gases that may impact 
on adjacent properties.  

Consequently, it may be necessary to consider the imposition of measures to protect adjacent, off-site 
receptors. In this case as the methane and carbon dioxide are considered to be from an offsite source 
using the Chester Formation as a preferential pathway, the Made Ground and natural soils on the subject 
site are not considered to pose a ground gas source.  

7.7 Construction Material Risk Assessment 

7.7.1 Water Pipelines 

A formal water pipe investigation and risk assessment is beyond the scope of this report. However, the 
findings of this investigation have been compared to the threshold values in Water UK HBF (2014), Table 1 
as far as is practicable.  

The site is brownfield and organic contamination PAHs-particularly Naphthalene  is resulting in 
exceedance for PE pipe threshold values within the Made Ground and Hydrock believes barrier pipe is 
required. However, confirmation should be sought from the water supply company at the earliest 
opportunity. Locally in WS09 the Made Ground and Glacial Till contains exceedances of PE thresholds for 
Aliphatic and Aromatic bands EC10-16 and EC16-40.  

7.7.2 Other construction materials 

Plastic pipes for drains and sewers are manufactured from unplasticized poly(vinyl chloride) (PVC-U), 
polypropylene (PP) or polyethylene (PE). These materials may be affected by the presence of organic 
compounds in the soil. 

For the Made Ground in accordance with the British Plastics Federation Guidance (August, 2018), as the 
concentrations of total PAH are above 100mg/kg, the pipework manufacturer should be consulted with 
regard the suitability of the pipework. Within the Glacial Till total PAHs are less than 100mg/kg and for 
pipes within the Glacial Till PVC-U, PP or PE pipework are considered suitable. 

The implications for buried concrete are discussed in Section 6.7. 

7.8 Contamination Risk to Ground Workers 

7.8.1 Introduction  

Whilst risks to construction workers are not discussed in detail, the following section discusses potential 
risks that should be considered. 

Information presented in this document is provided to assist in managing the risk associated with 
contamination in soil and groundwater at the site but is not definitive. The Contractors are responsible for 
undertaking their own assessments and assessing what risks are present and what control measures are 
required. 

Task specific risk assessments and method statements should be in place, and risks and required 
mitigation measures communicated to all relevant personnel prior to the works commencing. 
Appropriate PPE and, if required, RPE should be provided and utilised. 

7.8.2 Beryllium and PAHs in the Made Ground 

The Made Ground contains elevated concentrations of beryllium and pervasive PAHs. Therefore, 
construction workers should wear gloves when handling soils and maintain a good oral hygiene and wash 
their hands before eating and drinking.  

7.8.3 Ground Gas  

It is noted that concentrations of carbon dioxide (an asphyxiant) in the soil exceed HSE Workplace 
Exposure Limits for personnel in the working environment of 1.5% for short term (15 minutes) exposure 
0.5% for long term exposure. Furthermore, soil concentrations of oxygen are below the HSE 
recommendations of 18%.   

Soil gas concentrations are not necessarily reflected by those in the breathing zone, as such, all 
Contractors and maintenance workers should be made aware of the possible presence of carbon dioxide 
and should take all necessary health and safety precautions when working in trenches or confined 
spaces. 

7.8.4 Asbestos  

No clearly identifiable ACM has been seen during the site walkover or during the ground investigation 
and the laboratory testing has identified trace concentrations of asbestos fibres (<0.001%) in the soils.   

All site staff should be made aware of the possibility to encounter asbestos within the Made Ground soils 
anywhere on the site at any stage of the development. It is advised that the Contractor should consider 
supplying suitable and sufficient ‘Asbestos Awareness’ training (specific to asbestos in soils) to all site 
staff who could foreseeably encounter asbestos containing materials during the course of their work. 

The Contractor for each stage of works must assess the risks in accordance with Regulation 6 of the 
Control of Asbestos Regulations 2012 (CAR2012) and if considered necessary compile a methodology in 
accordance with Regulation 7 of CAR2012. 

It is the responsibility of the Contractor to ensure that mitigation measures are suitable and sufficient to 
prevent exposure to airborne asbestos so far as is reasonably practicable in accordance with Regulation 
11 of CAR2012. However, the asbestos fibres detected at the site are at a very low concentration and 
within a soil matrix. As such, if the soils are kept damp and appropriate site hygiene measures are in place, 
this should assist in minimising the risk of the release of airborne fibres.   

7.9 Findings of the generic contamination risk assessments 

The potential sources, pathways and receptors identified in the desk study (Section 2) have been 
investigated (Sections 5 and 7) and assessed (Sections 7.2 to 7.6). A Source-Pathway-Receptor linkage 
assessment has been undertaken and is presented in Appendix H (Table H.2). 

A summary of the Source-Pathway-Receptor (SPR) contaminant linkages for which the risks may be 
unacceptable and require mitigation (those that are moderate or higher) are discussed in Table 7.7. 

Table 7.7 assumes the following SPR linkages which have been discounted (subject to agreement) at the 
risk evaluation stage are confirmed by the regulators and the warranty provider as not requiring further 
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consideration (mitigation). If these assumptions are not agreed during regulatory discussions, the 
conclusions as noted in Table 7.7 will need to be updated: 

» Aluminium present within the groundwater in the Chester Formation is considered to of marginal 
exceedance and does not pose a risk to controlled waters; and 

» Ammonium and mercury within the groundwater in the Chester Formation are considered to be pre-
existing concentrations from wider anthropogenic sources.   

Table 7.7: Residual risks following risk evaluation 

Contaminant Linkage Comments 

P
o

llu
ta

nt
 

Li
n

ka
g

e
 

Sources Pathways Receptors  General Mitigation 

PL 1.  Pervasive 
PAHs and 
asbestos loose 
fibres in the 
Made Ground. 

Ingestion, 
inhalation or 
direct contact. 

Human health. Significant 
exceedance of 
the GAC for PAHs. 

Mitigation required in 
the form of a simple 
cover system. 

PL 2.  Elevated 
Naphthalene 
within the  
Made Ground. 

Direct contact 
Water supply 
pipes. 

The Made 
Ground contains 
Naphthalene  
above the PE 
threshold.  

Installation of 
“Protectaline” (or 
similar) pipework if 
placed in Made 
Ground.  

PL 3.  Locally 
elevated Zinc 
within the 
Glacial Till. Root uptake Plant Life 

Elevated 
concentration of 
zinc within the 
Glacial Till. 

Additional testing of 
the Glacial Till which 
will be used within 
soft landscaping 
areas.  

 

PL 4.  Methane and 
carbon dioxide 
via migration 
through the 
Chester 
Formation 

Migration via 
pile length 
and through 
gaps in 
constructions 

Human health 
via asphyxiation 
and buildings via 
explosion.   

Characteristic 
Situation 2 
conditions 
required if the 
proposed 
building will be 
piled. 

 

Mitigation required by 
the construction of a 
subfloor void and 
installation of suitable 
gas resistant 
membrane. 

To be installed by 
trained installer. 

To be validated and 
verified. 

 

7.10 Climate Change 

In considering the potential impact of climate change, the following factors have been considered: 

» The design life of the proposed development is 50 years. 

» The location and elevation of the site in relation to the sea is 44m AOD. 

» The site is predicted to remain above the projected flood level increase for sea level rise and coastal 
flood threats during the life time of the project. 

» The current depth to groundwater is 0.60m for the perched groundwater and 4.30m for the deeper 
groundwater within the Chester Formation. 

» The superficial deposits and underlying geology at the site are likely to be physically adversely 
affected by desiccation and subsidence. 

» The UK Climate Predictions published by the Met Office indicate that over the lifetime of the 
proposed development average: 

» Precipitation is forecast to increase by 10%; 

» Temperature is forecast to increase by 3 to 4°C.; and 

» Groundwater recharge is forecast to increase in winter months by 1.63mm/day. 

For further details on the considerations made, refer to Table I.1 in Appendix I. 

7.11 Mitigation Measures 

The outline remediation strategy presented below is provided for guidance only, and does not represent 
a ‘Remediation Options Appraisal’, or a ‘Remediation Strategy’, prepared in accordance with LCRM (2023). 

As shown in Table 7.7, Hydrock consider the following mitigation is required to ensure the site is suitable 
for use for the proposed end use. The mitigation measures include: 

» The installation of a simple cover system in soft landscaping to align with Manchester City Council 
Planning Guidance documentation (extract in Figure 7.1 and should include 450mm in Zone 1 areas 
(grass seeding) and in Zone 2 (shrub planting) 600mm, comprising a visible geomembrane marker 
layer, subsoil beneath a topsoil thickness of between 150mm and 300mm (PL1).  

 
Figure 7.1: Rooting depth requirements from Manchester City Council Planning Guidance (2021) 

» Installation of Barrier pipework for pipes installed within Made Ground (PL2). 

» Suitable quantities testing of topsoil and subsoil for soils placed in landscaped areas (PL3); 

» Installation of ground gas mitigation measures to comply with CS2 conditions if the building is piled 
(as described in Section 7.11.1) (PL4). 

The methodology for the remediation should be set out in a Remediation Strategy (which will include the 
‘Implementation Plan’, the ‘Verification Plan’ and the ‘Long Term Monitoring and Maintenance Plan’), 
which will need to be submitted to the warranty provider and the regulatory authorities for approval.  

In addition, the production of a Materials Management Plan and its approval by a Qualified Person will be 
required to allow reuse of suitable material at the site in accordance with waste regulations. 

Verification reports by a competent independent geo-environmental specialist will be required following 
completion of any remedial works (including cover system installation and ground gas membrane 
installation). 

7.11.1 Gas Protection Measures 

Mitigation of the risk from ground gases needs to be undertaken in accordance with BRE 414, CIRIA 665, 
BS 8485:2015 +A1:2019, and CIRIA C735. In accordance with BS 8485:2015 +A1:2019, the design of gas 
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protection measures needs to be undertaken in accordance with the Characteristic Situation and the 
building type: 

» The site is provisionally classified as Characteristic Situation 2 should a piled solution be adopted. 

» The proposed food preparation building is classified as Type C buildings. 

As such, the food preparation requires 3 points of protection. This is illustrated in Table 7.8.   

Table 7.8: Gas protection score by CS and type of building (after BS 8485:2015 +A1:2019) 

Characteristic 
Situation 

Minimum gas protection score (points) 

High risk Medium risk Low risk 

Type A building Type B building Type C building Type D building 

2 3.5 3.5 2.5 1.5 

A) Residential buildings should not be built on CS4 or higher sites unless the type of construction or site 
circumstances allow additional levels of protection to be incorporated, e.g. high-performance ventilation or 
pathway intervention measures, and an associated sustainable system of management of maintenance of the gas 
control system, e.g. in institutional and/or fully serviced contractual situations. 

B) The gas hazard is too high for this empirical method to be used to define the gas protection measures. 

 

The final design of ground gas protection measures is subject to a detailed design in accordance with 
section 7.4 and 8.3 of BS 8485:2015 + A1:2019 and is to be specified by the designer (in accordance with 
CIRIA 665 and BS 8485:2015 +A1:2019). The protection will need to be achieved by a combination of two 
or more of the following three types of protection measures: 

» the structural barrier of the floor slab, 

» ventilation measures; and 

» gas resistant membrane. 

Where design elements are required to meet certain standards to qualify for the protection points (e.g. 
cast in situ monolithic reinforced floor slab), it is up to the designer to ensure the minimum requirements 
of the standards are met. 

Where used, gas resistant membranes should be: 

» sufficiently impervious to methane and carbon dioxide; 

» capable, after installation, of providing a complete barrier to the entry of the relevant gas; 

» sufficiently durable to remain serviceable for the anticipated life of the building and duration of gas 
emissions; 

» sufficiently strong to withstand in service stresses (e.g. due to ground settlement if placed below a 
floor slab); 

» sufficiently strong to withstand the installation process and following construction activities until 
covered (e.g. penetration from steel fibres in fibre reinforced concrete, penetration of reinforcement 
ties, tearing due to working above it, and dropping tools); and 

» chemically resistant to degradation by other contaminants that might be present. 

As preliminary guidance, Hydrock would suggest the following: 

For CS2 - Type C] - 2.5 points: 

» Beam and block or pre-cast concrete floor slab (0 points);  

» passive sub floor ventilation e.g. void (good performance 1.5 points); and 

» 2000g gas resistant membrane (2.0 points). 

Other variations are possible. It is up to the designer to design and specify ground gas protection 
measures. 

Where a gas resistant membrane is required as part of the design, all joints and penetrations are to be 
sealed and the installation is to be verified in accordance with CIRIA C735 (Mallet et al 2014) or it will 
score zero points and will not be deemed to afford any protection. This verification will involve verification 
by the Contractor and independent verification on a selected number of plots by Hydrock or alternative 
qualified independent third-party. 

Whilst tape can be utilised to seal the seams Hydrock would recommend the membranes are sealed 
using welded seams and the use of specialist seals around penetrations (top hats etc.). The installer is to 
present an installation methodology and a QA/QC plan for installation to Hydrock for comment, with 
particular attention given to sealing the membrane. 

In order to achieve the points specified for ventilation, the architect is to design passive ventilation to 
meet at least ‘good performance’, as described in Annex B of BS 8485:2015 +A1:2019. 
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8. Waste and material management 

8.1 Introduction 

The Waste Framework Directive (WFD) (2009/98/EC) defines waste as ‘any substance which the holder 
discards or intends to discard.’ In a geo-environmental context, the waste is most often ‘soil’ and the two 
main scenarios are offsite disposal of the material as a waste and/or reuse of the material on site. For cost 
and sustainability reasons, reuse is preferred to off-site disposal. 

Section 8.2 below describes the key issues relating to off-site disposal to landfill and Section 0 considers 
requirements relating to reuse of soils and materials management. 

8.2 Waste Disposal  

8.2.1 Principals 

Based on the WFD, any material excavated on site may be classified as waste and it is the responsibility 
of the producer of a material to determine whether or not it is waste. Where off-site disposal is 
undertaken, the following guidance applies.   

Classification is a staged process:   

» A hazardous waste is defined under the WFD as one which possesses one or more of fifteen defined 
hazardous properties.  If a waste is not defined as hazardous, then it is non-hazardous. 

» Where the materials are soil, it is then be assigned using the ‘List of Waste Codes’, which classifies the 
material as either: 

» hazardous (17-05-03), which is defined as “soil and stones containing hazardous substances”; or 

» non-hazardous (17-05-04), which is defined as “soil and stones other than those mentioned in 17-
05-03”. 

» Hydrock utilise the proprietary assessment tool, HazWasteOnline™ to undertake this assessment. 

» Waste Acceptance Criteria (WAC) testing is then undertaken (if required), and are only applicable 
following classification of the waste, and only where the waste is destined for disposal to landfill.  The 
WAC are both qualitative and quantitative. The WAC and the associated laboratory analyses (leaching 
tests) are not suitable for use in the determination of whether a waste is hazardous or non-hazardous. 

It should be noted that some non-hazardous wastes may be suitable for disposal at an inert landfill as 
non-hazardous waste, subject to meeting the appropriate waste acceptance criteria.   

It should be noted that classification must be undertaken on the waste produced, by the waste producer. 
Necessary sampling frequency to adequately characterise a soil population is defined within WM3.   

Topsoil and Peat 

Topsoil and peat are biodegradable, therefore if they are surplus to requirements and cannot be re-used 
in accordance with a Materials Management Plan, they cannot be classified as inert.  As such, topsoil and 
peat need to be classified by a staged assessment and sampling process and would either be classified 
as hazardous or non-hazardous, depending upon the results of the assessment. 

Greenfield sites 

Waste from completely greenfield sites may be accepted at a landfill as inert waste if it meets the 
requirements of paragraph 10 (wastes acceptable without testing at landfills for inert waste) of the 
Landfill (England and Wales) (Amendment) Regulations (2005) (‘the Regulations’) can be met. Paragraph 
10 of the Regulations states, “soils may be able to be classified as inert waste without testing, if: 

» they are single stream waste of a single waste type;  

» there is no suspicion of contamination and they do not contain other material or substances such as 
metals, asbestos, plastics, chemicals, etc…..” 

As such, where the site is greenfield and the waste producer is confident about the quality of a soil (i.e. 
naturally occurring and uncontaminated), further sampling and laboratory testing is not necessary for the 
Basic Characterisation and this can be undertaken on qualitative Waste Acceptance Criteria testing. 

In this instance the waste producer can characterise the waste based on visual assessment and written 
description of the waste in addition to supporting evidence such as a desk study assessment of the 
greenfield status. However, it should be noted this characterisation is subject to agreement by the landfill 
operator who may require testing to be undertaken to confirm classification. 

Contaminated or potentially contaminated sites 

If the site is brownfield, contaminated or potentially contaminated, the waste must undergo an initial 
waste classification exercise using background information on the source and origin of the waste and 
assessment of chemical test data in accordance with Environment Agency Technical Guidance WM3. 

If following the initial waste classification exercise, the soils are acceptable for disposal to a non-
hazardous landfill, further qualitative Waste Acceptance Criteria (WAC) testing is not required.   

However, if soils are potentially able to be disposed to an inert landfill as non-hazardous waste, or require 
testing to determine if they can be disposed of to a stable non-reactive hazardous or hazardous class of 
landfill, the next stage of assessment is to undertake qualitative WAC testing. This will determine the 
Basic Characterisation and the landfill category at which the soils can be accepted. 

Hazardous material must be subjected to WAC testing to determine whether it requires treatment before 
it can be accepted at the hazardous landfill, while non-hazardous material can be tested to determine 
whether it may be suitable for placement in an inert landfill.  .   

8.2.2 HazWasteOnline™ assessment  

As the site is brownfield, in order to inform the preliminary waste characterisation process, Hydrock has 
undertaken an exercise using the proprietary web-based tool HazWasteOnline™. The output of the 
HazWasteOnline™ assessment is provided in Appendix Fand a summary of the preliminary waste 
classification is provided below in Section 8.2.4. 

8.2.3 WAC testing 

The site is brownfield. However, WAC testing has not been undertaken to date but may be requested by 
the landfill for excavated soils that are to be disposed of, to assist with waste disposal options prior to 
disposal. A summary of the preliminary waste disposal options is provided below in Section 8.2.4. 

8.2.4 Preliminary waste disposal options 

The site is brownfield and based on the site history, and the HazWasteOnline™ assessment, if suitable 
segregation of different types of waste is put in place, for soils to be disposed of, it is considered that: 

» The ‘General’ Made Ground is likely to be classified as non-hazardous waste. 

» The Glacial Till is likely to be classified as non-hazardous waste. 

» Made Ground in WS09 underneath the proposed landscaping area between 1.00m and 1.10m bgl is 
locally classified as hazardous ( under HP7 carcinogenic and HP11 mutagenic) due to the 
concentrations of petroleum hydrocarbon bandings.  

» Any soils containing > 0.1% asbestos or visible asbestos containing materials would be considered as 
hazardous. 
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8.2.5 General Waste Comments 

It should be noted that: 

» Any soils containing > 0.1% asbestos or visible asbestos containing materials would be considered as 
hazardous. 

» It is the waste producer’s responsibility to segregate the waste at source and waste producers must 
not mix waste materials/streams or dilute hazardous components, for example by mixing with less or 
non-hazardous waste on site to meet WAC limit values.  

» The above preliminary assessment has been made on the basis of the soils tested as part of the 
ground investigation, using the HazWasteOnline™ assessment. However, the formal classification of 
waste can only be undertaken on the material to be disposed of, and by the waste producer and the 
receiving landfill as license conditions vary from landfill to landfill.   

» Basic Characterisation should be undertaken in accordance with Environment Agency guidance by 
the waste producer.  Hydrock can assist if required and this report will assist the characterisation.  
However, Basic Characterisation does not form part of the current commission and would require 
further assessment and testing on the wastes actually to be disposed. 

» Once the waste producer has undertaken an initial Basic Characterisation on each waste stream, they 
can manage the soils as part of the on-site processing programme (for example, stockpiling, 
treatment, screening and separation). The waste producer and landfill operator will then need to 
agree the suite of compliance testing for regularly generated waste to demonstrate compliance with 
the initial Basic Characterisation prior to disposal. 

» At the time of disposal, additional testing on the excavated soils to be disposed of, will likely be 
necessary.  

» Non-hazardous and hazardous soils require pre-treatment (separation, sorting and screening) prior to 
disposal.  

» The costs for disposal of non-hazardous and hazardous soils are significant compared to disposal of 
inert material.  

» In addition to disposal costs, landfill tax will be applicable.  Non-hazardous and hazardous waste will 
generally be subject to the Standard Rate Landfill Tax. Inert or inactive waste will generally be subject 
to the Lower Rate Landfill Tax. The landfill tax value changes each April and can be found at 
https://www.gov.uk/government/publications/rates-and-allowances-landfill-tax/landfill-tax-rates-
from-1-april-2013.  

» Before a waste producer can move waste to a landfill site for disposal, they need to check the landfill 
site has the appropriate permit and must have completed the following7:  

» Duty of care transfer note / Hazardous Waste consignment note, including comment as to if pre-
treatment has been undertaken; and 

» Basic Characterisation of the waste, to include: description of the waste; waste code (using list of 
wastes); composition of the waste (by testing, if necessary) and; WAC testing (if required).  

 

8.3 Materials Management 

8.3.1 Introduction 

Soils that are to remain on site, should be managed and reused in accordance with a Materials 
Management Plan (MMP), prepared in accordance with 'The Definition of Waste: Development Industry 

 
7 ENVIRONMENT AGENCY. November 2010.  Guidance on waste acceptance procedures and criteria.  Waste acceptance at landfills. The 
Environment Agency. 

Code of Practice', Version 2 (CL:AIRE), known as the DoWCoP. Where all aspects of the DoWCoP are 
followed the soils are considered not to be waste, because they were never discarded in the first place.   

Version 2 of the DoWCoP clearly sets out the principles and an outline of the requirements of a MMP. The 
following compliance criteria must be seen to apply to the MMP for the site: 

• Factor 1: Protection of human health and protection of the environment. 

• Factor 2: Suitability for use, without further treatment.   

• Factor 3: Certainty of Use.  

• Factor 4: Fixed Quantity of Material.  

The reuse of soils at sites should be considered during the planning and development design process so 
that compliance with issues such as fixed quantity and certainty of use clearly relate to agreed site 
levels. Suitability of Use is normally evident from the remediation strategy or the design statement, which 
form an integral part of a MMP. However, some soils may need to be tested post-excavation to prove 
they are suitable for use.  

Once the MMP is finalised, it must be declared by a Qualified Person (QP). The Declaration is an on-line 
submission as part of which the QP is required to confirm that the declaration is being made before the 
relevant works have commenced (i.e. it is not a retrospective application). 

Once all material movements have been completed in accordance with the MMP a verification report 
must be produced, kept for 2 years and provided to the EA on request. 

It should be noted that failure to comply with the requirements of the DoWCoP when re-using materials 
has potentially significant consequences for the waste holder. The risk is that the reused materials are still 
regarded as a waste that has been illegally deposited. From 1 April 2018, the scope of Landfill Tax has 
been extended to sites operating without the appropriate environmental disposal permit, and operators 
of illegal waste sites will now be liable for Landfill Tax. Further information is available at: 
https://www.gov.uk/government/publications/landfill-tax-disposals-not-made-at-landfill-sites/landfill-
tax-disposals-not-made-at-landfill-sites. 

If soils are excavated and reused on sites (or moved to another site) without a MMP, exemption, or 
appropriate Permit in place, anyone who knowingly facilitates the disposal may be ‘jointly and severally 
liable’ to any assessment of tax, fines or prosecution.  

8.3.2 Materials management scenarios 

The materials management scenarios present on site are discussed below.  

It should be noted that more than one scenario may apply, dependent upon where the soils are proposed 
for reuse. 

8.3.2.1 Clean, naturally occurring materials – reused on the site of origin 

Where soils are naturally occurring, uncontaminated and are reused on the site they are excavated (i.e. 
greenfield site with documented site history, with no Made Ground), they will fall outside the Waste 
Framework Directive (WFD) (i.e. they will not be a waste when reused on the site of origin).   

 

https://www.gov.uk/government/publications/rates-and-allowances-landfill-tax/landfill-tax-rates-from-1-april-2013
https://www.gov.uk/government/publications/rates-and-allowances-landfill-tax/landfill-tax-rates-from-1-april-2013
https://www.gov.uk/government/publications/landfill-tax-disposals-not-made-at-landfill-sites/landfill-tax-disposals-not-made-at-landfill-sites
https://www.gov.uk/government/publications/landfill-tax-disposals-not-made-at-landfill-sites/landfill-tax-disposals-not-made-at-landfill-sites


 

University of Manchester: The Relocation of The Limes, Fallowfield Campus | University of Manchester | Ground Investigation Report | LIMES-HYD-XX-XX-RP-G-2001 | 5 August 2024  28 

However, there needs to be certainty of that reuse, and evidence is necessary to support this strategy, for 
example through information provided during the planning process. The onus is on the developer to 
demonstrate that the materials are not a waste and will never become a waste. As such, a Materials Re-
use Strategy is recommended to show certainty. Alternatively, if the volume of material is under 1,000 
tonnes, then a U1 waste exemption may be applied for from the Environment Agency. 

It may be noted that some ‘clean naturally occurring materials’ may still fail the ‘suitable for use’ test, for 
example, soils with a naturally high organic content may not be suitable for use because of their 
propensity to produce ground gases such as methane.  Rules regarding other more unusual 
circumstances such as where natural soils contain an unacceptably high mineral content are described in 
the DoWCoP. 

8.3.2.2 Clean, naturally occurring materials – transferred to other sites 

Where soils are naturally occurring, uncontaminated and are transferred to other sites (i.e. direct transfer), 
they will not become waste as long as the transfer is undertaken in accordance with the DoWCoP.  A 
MMP must be prepared for the receiving site and the materials movement must be noted in the MMP of 
the Donor site.  This movement must have been declared to CL:AIRE prior to the works commencing. 

8.3.2.3 Made Ground and other contaminated soils 

On sites where Made Ground or contaminated soils are present, any soils excavated will be a waste as 
soon as they are excavated (even if they are clean, naturally occurring materials), unless they are subject 
to reuse in accordance with the DoWCoP.  As such, for any brownfield site or a site where Made Ground is 
present and soils are being moved and reused, the materials could be deemed a waste, subject to either: 
a Materials Management Plan (MMP), to prevent the material being classified as a waste following reuse; 
or an exemption (for limited volumes); or an environmental permit, dependant on its status.  

Other commonly occurring circumstances are:  

If Made Ground is being moved between sites, it must be ensured that appropriate permits are in place to 
ensure the soils are not classified as a waste.  Made Ground cannot be moved between sites under 
DoWCoP alone and would require relevant permits as part of the MMP documentation for the Hub site 
the material is being treated at. 

8.3.2.4 Made Ground and other contaminated soils 

All recycled materials (6F2 etc.) must be produced under the 2013 WRAP ‘Quality Protocol: Aggregates 
from inert waste’, whether on site or off-site. If they are not, they will be deemed a waste and can only be 
used on site under a permit.  More information can be found at 
https://www.gov.uk/government/publications/quality-protocol-production-of-aggregates-frm-inert-
waste.  

8.3.2.5 Geotechnical improvement requirements 

Construction activities carried out on uncontaminated soils solely for the purpose of improving 
geotechnical properties e.g. lime / cement modification, are not generally regarded as waste treatment 
operations and do not require a permit.    

However, should processing be needed (such as screening, treatment or improvement), that would 
constitute a waste activity and require a mobile treatment permit. This may be as simple as removing 
oversize material with an excavator bucket, to using a riddle bucket to remove hardcore to full 
mechanical screening. 

  

https://www.gov.uk/government/publications/quality-protocol-production-of-aggregates-frm-inert-waste
https://www.gov.uk/government/publications/quality-protocol-production-of-aggregates-frm-inert-waste
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9. Uncertainties and limitation 

9.1 General Comments 

Hydrock Consultants Limited (Hydrock) has prepared this report in accordance with the instructions of 
University of Manchester (the Client), by e-mail dated 13th February 2024 under the terms of appointment 
for Hydrock, for the sole and specific use of the Client and parties commissioned by them to undertake 
work where reliance is placed on this report.  Any third parties who use the information contained herein 
do so at their own risk.  Hydrock shall not be responsible for any use of the report or its contents for any 
purpose other than that for which it was prepared or for use of the report by any parties not defined in 
Hydrock’s appointment.  

This report details the findings of work carried out in April 2024. The report has been prepared by 
Hydrock on the basis of available information obtained during the study period. Although every 
reasonable effort has been made to gather all relevant information, not all potential environmental 
constraints or liabilities associated with the site may have been revealed. 

Hydrock has used reasonable skill, care and diligence in the design of the investigation of the site and in 
its interpretation of the information obtained. The inherent variation of ground conditions allows only 
definition of the actual conditions at the locations and depths of trial pits and boreholes at the time of the 
investigation. At intermediate locations, conditions can only be inferred.  

Groundwater data are only representative of the dates on which they were obtained and both levels and 
quality may vary. Unless otherwise stated, the recommendations in this report assume that ground levels 
will remain as existing. If there is to be any re-profiling (e.g. to create development platforms or for flood 
alleviation) then the recommendations may not apply. 

The work has been carried out in general accordance with recognised best practice. Unless otherwise 
stated, no assessment has been made for the presence of radioactive substances or unexploded 
ordnance. Where the phrase ‘suitable for use’ is used in this report, it is in keeping with the terminology 
used in planning control and does not imply any specific warranty or guarantee offered by Hydrock. 

The chemical analyses reported were scheduled for the purposes of risk assessment with respect to 
human health, plant life and controlled waters as discussed in the report. Whilst the results may be useful 
in applying the Hazardous Waste Assessment Methodology given in Environment Agency Technical 
Guidance WM3, they are not primarily intended for that purpose and additional analysis will be required 
at the time of disposal to fully classify waste.  Discussion and comment with regards to waste 
classification are preliminary and do not form the requirements of ‘Basic Characterisation’ as required. 

Unless otherwise stated, at the time of this investigation the future routes of water supply pipes had not 
been established. This investigation and sampling strategy may not be fully compliant with UKWIR 
recommendations. Consequently, a targeted investigation and specific sampling and chemical testing 
may be required at a later date once the routes of the supply pipes are known. In addition, it is 
recommended that the relevant water supply company be contacted at an early stage to confirm its 
requirements for assessment, which may not necessarily be the same as those recommended by UKWIR. 

Whilst the preliminary risk assessment process has identified potential risks to construction workers, 
consideration of occupational health and safety issues is beyond the scope of this report. 

Please note that notwithstanding any site observations concerning the presence or otherwise of 
archaeological sites, asbestos-containing materials or invasive weeds, this report does not constitute a 
formal survey of these potential constraints and specialist advice should be sought.  

Any site boundary line depicted on plans does not imply legal ownership of land. 

10. Recommendations for further work 

Following the ground investigation works undertaken to date, the following further works will be required: 

» should pad foundations from a cost perspective be the preferred foundation option then additional 
ground investigation to complete a desiccation assessment would be required; 

» discussion and agreement with utility providers regarding the materials suitable for pipework; 

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

» discussions with piling Contractors regarding conclusions of this report and design of the piles; 

» provision of geotechnical design for the Category 2 (if piles are the preferred foundation option.); 

» production of a Remediation Strategy and Verification Plan (and agreement with the regulatory 
bodies and the warranty provider); 

» production of a Materials Management Plan relating to reuse of Glacial Till in cover systems if 
applicable, import of Topsoil (if manufactured and less then 1000t the EAs regulatory position 
statement is that the soils will not class as waste and enforcement would not be undertaken) ; 

» remediation and mitigation work; and 

» verification of the remediation works. 
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Local conditions

P
eak

Stead
y

P
eak

Stead
y

P
eak

Stead
y

P
eak

Stead
y

CO (PPM)
H2S 

(PPM) 

2.4 2.7 54.0 10.0 21.3 0.043 0.168

0.1 0.1 2.0 0.1 10.8 0.000 0.000

0.0648 0.24

09/04/24 AM BH01 S 1.00 - 5.00 4.30 1016 R 0.09 0.1 0.1 NR 0.2 0.1 4 2 5.7 4.8 13.2 13.8 <1 <1 0.000 0.005

09/04/24 AM BH02 S 1.00 - 5.00 4.54 1016 R 0.07 0.1 0.1 NR 0.5 0.4 10 8 4.8 4.8 15.3 15.3 <1 <1 0.000 0.005

09/04/24 AM WS04 S 1.00 - 4.50 4.50 D 1021 R 0.04 0.1 0.1 NR 0.1 0.1 2 2 1.5 0.1 18.5 21.3 <1 <1 0.000 0.000

09/04/24
AM

WS05 S 1.00 - 3.70 0.60 1021 R 0.08 0.1 0.1
NR

0.1 0.1 2 2 0.5 0.4 20.1 20.2 235 <1 0.000 0.000
CO rising to 235ppm over 2 mins. Response Zone Flooded.

09/04/24
AM

WS08 S 1.00 - 4.00 1.00 1021 R 0.09 0.1 0.1
NR

0.3 0.2 6 4 9.1 9.1 15.0 15.9 168 <1 0.000 0.009
CO rising to 168ppm over 3 mins. Response Zone Flooded.

18/04/24 PM BH01 S 1.00 - 5.00 4.48 1017 F -0.05 2.4 2.4 NR 2.8 1.8 56 36 7.1 6.6 12.4 12.5 <1 <1 0.043 0.158

18/04/24 PM BH02 S 1.00 - 5.00 4.60 1017 F -0.02 2.4 2.4 NR 1.2 1.2 24 24 7.0 7.0 12.3 12.4 <1 <1 0.029 0.168 Peak gas flow -2.8l/hr.

18/04/24 PM WS04 S 1.00 - 4.50 4.47 D 1017 F -0.02 1.2 1.2 NR 0.6 0.6 12 12 1.8 1.8 17.3 17.3 <1 <1 0.007 0.022
Peak gas flow -2.9l/hr. Peak CO at 26ppm, falling to <1 over 2 

mins. 

18/04/24 PM WS05 S 1.00 - 3.70 0.77 1017 F -0.05 0.1 0.1 NR 2.8 2.7 56 54 0.4 0.4 20.8 20.8 17 <1 0.003 0.000 Response Zone Flooded.

18/04/24 PM WS08 S 1.00 - 4.00 0.96 1017 F 0.00 0.1 0.1 NR 0.2 0.2 4 4 1.4 1.4 19.9 19.9 2 <1 0.000 0.001 Peak gas flow 4.0l/hr. Response Zone Flooded.

29/04/24 AM BH01 S 1.00 - 5.00 4.50 1004 S -0.23 0.1 0.1 NR 0.9 0.9 18 18 7.4 6.7 21.0 13.6 <1 <1 0.001 0.007

29/04/24 AM BH02 S 1.00 - 5.00 4.63 1004 S 0.02 0.1 0.1 NR 2.0 2.0 40 40 9.0 9.0 13.8 10.8 <1 <1 0.002 0.009

29/04/24 AM WS04 S 1.00 - 4.50 - - - - - - - - - - - - - - - - - - - - Unable to monitor due to parked car

29/04/24 AM WS05 S 1.00 - 3.70 - - - - - - - - - - - - - - - - - - - - Unable to monitor due to parked car

29/04/24 AM WS08 S 1.00 - 4.00 1.10 1017 S 0.07 0.1 0.1 NR 1.8 1.6 36 32 10.0 10.0 16.8 15.2 19 <1 0.002 0.010 Response  Zone Flooded.
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e

Other Gases

Gas concentrationsPressure and flow

CH4

(%LEL)

CO2
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 p
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 (h

P
a)

R
e

lative B
H

 p
re

ssu
re

 (h
P

a)

Client:

O2

(%v/v)

Summary statistics for this monitoring period.

Max. individual values:

Min. individual values:

Notes on condition of borehole and surrounding ground
G

as Scre
en

in
g V

alu
e (C

O
2 ) (l/h

r)

Worst-case GSVs based on max. individual flow and max. individual conc. over the duration of this table: 

G
as flo

w
* (ab

so
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e) (l/h

r)

G
as Scre

en
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g V
alu

e (C
H

4 ) (l/h
r)
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O

C
 (as p
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m

 u
sin

g P
ID

)

CH4 

(%v/v)

Monitoring round Borehole details

D
 d

en
o

tes d
ry h

o
le

D
ate

Notes on site conditions:

Y

Y

Y

See Notes. 

The Limes Relocation

33445

University of Manchester

GA5000Gas analyser:

Service in date:

Calibration check OK:

Name of person monitoring:

Site:

Equipment check OK:

Job number:

R
e

sp
o

n
se

 zo
n

e d
ep

th
 (m

)

D
ep

th
 to

 w
ater o
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ep

th
 o

f h
o

le if 

d
ry (m

)

B
o

re
h

o
le

Sin
gle o

r d
u

al gas tap

AE

29/04/2024 DS

Notes: LEL = lower explosive limit = 5%v/v.  * where the flow is less than the limit of detection of the instrument, the detection limit is reported (Highlighted in blue). GSVs are rounded to 3 places.

Weather Conditions

Broken clouds and rain, wind speed 16-20mph and air temperature 7-8°C. 

Light rain and cloudy, wind soeed 13-14mph and air temperature 9°C. 

Sunny with scattered showers, wind speed 9-12mph and air temperature 11-13°C. 

Date Operator

09/04/2024 DS

18/04/2024

C-33445 Gas Monitoring Report (Ver 04 AJS_NO HEADSPACE CALC), Data 1 of 1 13/05/2024, 12:36
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GAC Derivation 
Background 

Initially, the Hydrock GAC were derived following the publishing of soil guideline values (SGV), toxicological (TOX) 
reports and associated publications by the Environment Agency (EA) in 2009 referenced under Science Report 
SC050021 (EA, 2009a, b, c, d). The Hydrock GAC have then been periodically updated following publication of 
new information on toxicological, physico-chemical, land use or receptor parameters, namely: 

» LQM/CIEH, 2009. LQM/CIEH Generic Assessment Criteria for Human Health Risk Assessment, second 
edition. Nathanial, C. P., McCaffrey, C., Ashmore, M., Cheng, Y., Gillet, A. G., Ogden, R. C. and Scott, D. 

» CL:AIRE, 2010. ‘The EIC/AGS/CL:AIRE Soil Generic Assessment Criteria for Human Health Risk Assessment’. 
Environmental Industries Commission, The Association of Geotechnical and Geoenvironmental Specialists and 
Contaminated Land: Applications in Real Environment. 

» CL:AIRE, 2014. ‘Development of Category 4 Screening Levels for Assessment of Land Affected by 
Contamination’, Revision 2, DEFRA research project SP1010. Contaminated Land: Applications in Real 
Environment. 

» LQM/CIEH, 2015. ‘The LQM/CIEH S4ULs for Human Health Risk Assessment’. Nathanial, C. P., McCaffrey, C., 
Gillet, A. G., Ogden, R. C. and Nathanial, J. F. 

» CL:AIRE, 2021-2024. ‘C4SL Phase 2 Technical Reports’. Contaminated Land: Applications in Real Environment. 

» CL:AIRE, 2022. C4SL Phase 2 Technical Report for 1,2-dichloroethane. Contaminated Land: Applications in 
Real Environment. 

» CL:AIRE, 2024. C4SL Phase 2 Technical Reports for cis-1,2-dichloroethene, trans-1,2-dichloroethene and 
naphthalene. Contaminated Land: Applications in Real Environment. 

Land use scenarios 

Hydrock has derived generic assessment criteria (GAC) for human health based on the six exposure scenarios 
defined in CL:AIRE (2014) using generic default assumptions from published guidance. GAC for each exposure 
scenario have been derived for three soil organic matter (SOM) contents, 1%, 2.5% and 6%.  

All GAC have been rounded to two significant figures. 

Exposure parameters 

The exposure parameters used for the Hydrock GAC are the default parameters stated in SR3, unless updated in 
CL:AIRE (2014) where the CL:AIRE (2014) values have been adopted. 

Approach to consumption rates 

Hydrock have adopted the 90th percentile consumption rates from Table 3.4 of CL:AIRE (2014) for all produce 
types. This is noted to be more conservative than the “top two” approach taken in the derivation of C4SLs. 

Approach to plant uptake for GAC omitted in CL:AIRE (2010) 

Plant uptake factors were not identified in CL:AIRE (2010) for antimony, barium and molybdenum.  Hydrock has 
sourced the required parameter values from ORNL (1984) in order to derive GAC that are inclusive of the 
homegrown produce exposure pathway. 

Chemical and toxicity parameters 

The chemical and toxicity parameters have been adopted based on the following documents: 

» IRIS, 2016. ‘Toxicological Review of Trimethylbenzenes’. Integrated Risk Information System, National Centre 
for Environmental Assessment, office of Research and Development, U.S. Environmental Protection Agency. 

» LQM/CIEH, 2015. 

» ORNL, 1984. ‘ORNL-5786. A Review and Analysis of Parameters for Assessing Transport of Environmentally 
released Radionuclides through Agriculture’. Oak Ridge National Laboratory. 

» CL:AIRE, 2010. 

» RIVM, 2001. RIVM Report 711701 025 ‘HCV Re-evaluation of human-toxicological maximum-permissible risk 
levels’. National Institute of Public Health and the Environment. 

» LQM/CIEH, 2009. 

» EA, 2009a. 

Approach to Cyanide GAC 

The Hydrock GAC for free cyanide have been derived based on ingestion of a bolus of contaminated soil. The 
GAC are derived for acute exposure of a child (0-6 years old) for all land uses except commercial, where the GAC 
are derived for acute exposure of an adult (16-65 years old). For the purpose of GQRA, the child value may be 
adopted for all land use scenarios. 

For complex cyanide, the GAC have been derived based on chronic exposure, using the default exposure 
scenarios but excluding the consumption of homegrown produce, soil attached to homegrown produce, indoor 
vapour and outdoor vapour pathways. The chronic health criteria value (HCV) for complex cyanide is based on 
the EA (2009a) HCV for free cyanide and the ratio of toxicity between free and complex cyanide proposed by 
RIVM (2001). 

Approach to Phenol GAC 

In accordance with the EA Science Report SC050021 / Phenol SGV, a GACing/inh has been derived for ingested 
and inhaled phenol using the CLEA model, with a GACderm derived for dermal contact using Equation 5.7 within 
SR3. The lower of the GACing/inh and GACderm has been adopted as the final GAC. 

Approach to PCB GAC 

GAC for assessing the non-dioxin-like risk from PCBs have been based on the “Dutch 7”. As the TDI used by the 
authors of the Dutch guidance is for the sum of the 7 individual congeners, the TDI has been divided by 7 to 
create a TDI for each congener. The non-dioxin-like risk from PCBs is therefore assessed using a Hazard Index 
approach as for total petroleum hydrocarbons (TPH). 

Sub-surface soil to indoor air correction factors 

Reflecting the approach taken by the Environment Agency in the development of revised SGV in 2009 for BTEX, 
a sub-surface soil to indoor air correction factor of 10 has been applied for petroleum hydrocarbons in order to 
account for over-prediction of vapour intrusion into building using the Johnson and Ettinger approach. 

The correction factor of 10 has been applied to the following petroleum hydrocarbons (it makes negligible 
difference to less volatile TPH and PAH compounds): 

» TPHCWG fractions, namely aliphatic EC>5-44 and aromatic EC>6-44; 

» PAHs (acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene), benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenz(a,h,)anthracene, 
fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene, naphthalene, phenanthrene, pyrene); 

» BTEX; 

» Isopropylbenzene; 

» Propylbenzene; 

» 1,2,4- and 1,3,5-trimethylbenzene; and 

» Styrene. 
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Approach to saturation limits 

The CLEA model includes a traffic light colour system to highlight when saturated soil conditions have potentially 
been exceeded for the vapour pathways during calculation of assessment criteria. The colours represent: 

» Green: the assessment criteria do not exceed the saturated soil concentration. 

» Amber: the assessment criteria exceed the saturated soil concentration but the contribution of the indoor and 
outdoor vapour pathway to total exposure is less than 10% and will not significantly affect the assessment 
criteria. 

» Red: the assessment criteria exceed the saturated soil concentration and the contribution of the indoor and 
outdoor vapour pathway to total exposure is greater than 10% and will significantly affect the assessment 
criteria. 

Hydrock have not applied any further calculations or assessment in relation to saturation limits during GAC 
derivation, with the CLEA-modelled GAC being presented as the GAC. Consideration of saturation limits is 
undertaken during the data assessment stage. 

References 

CL:AIRE, 2010. ‘The EIC/AGS/CL:AIRE Soil Generic Assessment Criteria for Human Health Risk Assessment’. 
Environmental Industries Commission, The Association of Geotechnical and Geoenvironmental Specialists and 
Contaminated Land: Applications in Real Environment. 

CL:AIRE, 2014. ‘Development of Category 4 Screening Levels for Assessment of Land Affected by Contamination’, 
Revision 2, DEFRA research project SP1010. Contaminated Land: Applications in Real Environment 

CL:AIRE, 2021-2024. C4SL Phase 2 Technical Reports for tetrachloroethene, trichloroethene and vinyl chloride. 
Contaminated Land: Applications in Real Environment. 

CL:AIRE, 2022. C4SL Phase 2 Technical Report for 1,2-dichloroethane. Contaminated Land: Applications in Real 
Environment. 

CL:AIRE, 2024. C4SL Phase 2 Technical Reports for cis-1,2-dichloroethene, trans-1,2-dichloroethene and 
naphthalene. Contaminated Land: Applications in Real Environment. 

EA, 2009a. ‘Science Reports SC050021 – SGV and TOX reports for: benzene, toluene, ethylbenzene, xylene, 
arsenic, nickel, mercury, selenium, cadmium, inorganic cyanide, phenol, dioxins, furans and dioxin-like PCBs’; 
‘Supplementary information for the derivation of SGV for: benzene, toluene, ethylbenzene, xylene, arsenic, nickel, 
mercury, selenium, cadmium, inorganic cyanide, phenol, dioxins, furans and dioxin-like PCBs’, and ‘Contaminants 
in soil: updated collation of toxicological data and intake values for humans: benzene, toluene, ethylbenzene, 
xylene, arsenic, nickel, mercury, selenium, cadmium, inorganic cyanide, phenol, dioxins, furans and dioxin-like 
PCBs’. Environment Agency. 

EA, 2009b. ‘Science Report – SC050021/SR2. Human health toxicological assessment of contaminants in soil’. 
Environment Agency. 

EA, 2009c. ‘Science Report – SC050021/SR3. Updated technical background to the CLEA model’. Environment 
Agency. 

EA, 2009d. ‘Science Report – SC050021/SR4. CLEA Software (version 1.05) Handbook’. Environment Agency. 

IRIS, 2016. ‘Toxicological Review of Trimethylbenzenes’. Integrated Risk Information System, National Centre for 
Environmental Assessment, office of Research and Development, U.S. Environmental Protection Agency. 

LQM/CIEH, 2009. LQM/CIEH Generic Assessment Criteria for Human Health Risk Assessment, second edition. 
Nathanial, C. P., McCaffrey, C., Ashmore, M., Cheng, Y., Gillet, A. G., Ogden, R. C. and Scott, D. 

LQM/CIEH, 2015. ‘The LQM/CIEH S4ULs for Human Health Risk Assessment’. Nathanial, C. P., McCaffrey, C., 
Gillet, A. G., Ogden, R. C. and Nathanial, J. F. 

ORNL, 1984. ‘ORNL-5786. A Review and Analysis of Parameters for Assessing Transport of Environmentally 
released Radionuclides through Agriculture’. Oak Ridge National Laboratory. 

RIVM, 2001. RIVM Report 711701 025 ‘HCV Re-evaluation of human-toxicological maximum-permissible risk 
levels’. National Institute of Public Health and the Environment. 

  



 

University of Manchester: The Relocation of The Limes, Fallowfield Campus | University of Manchester | Ground Investigation Report | LIMES-HYD-XX-XX-RP-G-2001 | 5 August 2024  

Human Health GQRA 
  



Assessment of Chemicals of Potential Concern to Human Health

Risk parameter: BH02 @ 0.4 WS08 @ 0.3 WS09 @ 1 WS01 @ 0.4 WS03 @ 0.4 WS05 @ 0.4 WS07 @ 0.4 WS09 @ 1.2 WS02 @ 0.9

Client: University of Manchester Data Filters

Site: The Limes, Manchester Zone All

Job no.: 33445 Strata All

Lab. report no(s).: Depth Min (m bgl) 0.3

Depth Max (m bgl) 1.2 Date 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24

Zone

Dataset mean SOM% 3.34 Location BH02 WS08 WS09 WS01 WS03 WS05 WS07 WS09 WS02

All values in mg/kg unless otherwise stated Scenario SOM% 1 Depth (m bgl) 0.4 0.3 1 0.4 0.4 0.4 0.4 1.2 0.9

CAS No / P 

Code
Chemical of Potential Concern Units LoD

No. 

Samples

Min. 

Value

Max. 

Value
Mean Median

Standard 

Deviation

No. 

Samples 

>= GAC & > 

LoD

Soil 

Saturation 

Limit @1% 

SOM

GAC GAC Source Strata MG MG MG MG MG MG GT GT GT

- Asbestos

P1885 Asbestos Quant. (Stage 2) % 0.001 1 0.001 0.001 0.001 0.001 No. > LOD: 0 - - - <0.001

P1880
Asbestos Containing Material Types 

Detected (ACM)
text 1 - - - - - - - - Loose Fibres

- Hydrock Default Suite -  FOC / SOM / pH -

P1085 FOC  (dimensionless) [] 0.001 8 0.013 0.026 0.019 0.019 0.01 - - - 0.023 0.026 0.025 0.023 0.015 0.013 0.015 0.015

- SOM (calculated) % 0.1724 8 2.24 4.48 3.34 3.28 0.92 - - - 3.9652 4.4824 4.31 3.9652 2.586 2.2412 2.586 2.586

P1334 pH (su) pH Units 0.1 8 7.20 10.10 8.21 7.90 1.12 - - - 8.1 8 9.8 10.1 7.4 7.3 7.2 7.8

- Hydrock Default Suite - Metals & PAH

7440-38-2 Arsenic mg/kg 1 8 8.30 46.00 24.54 24.50 13.94 0 NR 79 C4SL - CL:AIRE 2014 29 31 39 20 13 8.3 10 46

7440-41-7 Beryllium mg/kg 0.06 8 0.84 2.60 1.41 1.10 0.67 2 NR 2.2 Hydrock Derived 1.6 2.2 2.6 1.1 0.97 0.84 1.1 0.84

7440-42-8 Boron mg/kg 0.2 8 0.30 2.00 1.00 0.85 0.52 0 NR 21000 Hydrock Derived 1.4 0.8 0.9 1.2 0.7 0.7 2 0.3

7440-43-9 Cadmium mg/kg 0.2 8 0.20 0.20 0.20 0.20 0.00 0 NR 220 C4SL - CL:AIRE 2014 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

16065-83-1 Chromium (III) mg/kg 1 8 18.00 26.00 21.38 21.00 2.77 0 NR 1500 Hydrock Derived 19 21 26 18 23 19 24 21

18540-29-9 Chromium (VI) mg/kg 1.8 8 1.80 1.80 1.80 1.80 0.00 0 NR 23 C4SL - CL:AIRE 2014 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

7440-47-3 Chromium (Total) mg/kg 1 8 18.00 26.00 21.38 21.00 2.77 - 19 21 26 18 23 19 24 21

7440-50-8 Copper mg/kg 1 8 15.00 160.00 56.88 43.00 48.14 0 NR 12000 Hydrock Derived 64 85 160 54 24 15 21 32

7439-92-1 Lead mg/kg 1 8 19.00 250.00 99.88 94.00 71.37 0 NR 630 C4SL - CL:AIRE 2014 91 98 250 140 64 19 40 97

7439-97-6 Mercury, inorganic mg/kg 0.3 8 0.30 0.50 0.35 0.30 0.08 0 NR 120 Hydrock Derived <0.3 0.4 0.5 0.4 0.3 <0.3 <0.3 <0.3

7440-02-0 Nickel mg/kg 1 8 19.00 43.00 26.88 23.50 9.61 0 NR 230 Hydrock Derived 28 40 43 25 19 19 22 19

7782-49-2 Selenium mg/kg 1 8 1.00 1.00 1.00 1.00 0.00 0 NR 1100 Hydrock Derived <1 <1 <1 <1 <1 <1 <1 <1

7440-62-2 Vanadium mg/kg 1 8 23.00 62.00 36.25 30.00 13.67 0 NR 2000 Hydrock Derived 39 51 62 30 30 23 30 25

7440-66-6 Zinc mg/kg 1 8 43.00 700.00 170.88 110.00 219.54 0 NR 81000 Hydrock Derived 110 110 190 120 48 43 46 700

P1095 Cyanide (free) mg/kg 1 8 1.00 1.00 1.00 1.00 0.00 0 NR 24 Acute Risk - SoBRA 2020 <1 <1 <1 <1 <1 <1 <1 <1

P1186 Total Phenols (Monohydric) mg/kg 1 8 1.00 1.00 1.00 1.00 0.00 0 24237 440 Hydrock Derived <1 <1 <1 <1 <1 <1 <1 <1

83-32-9 Acenaphthene mg/kg 0.05 8 0.06 41.00 6.97 1.90 13.96 0 57 15000 Hydrock Derived 2.3 2.7 7.5 41 0.31 0.06 1.5 0.42

208-96-8 Acenaphthylene mg/kg 0.05 8 0.05 1.90 0.38 0.14 0.63 0 86 15000 Hydrock Derived 0.23 0.51 1.9 <0.05 <0.05 <0.05 0.23 <0.05

120-12-7 Anthracene mg/kg 0.05 8 0.10 54.00 10.38 3.15 18.47 0 1.17 74000 Hydrock Derived 4 4.8 17 54 0.36 0.1 2.3 0.46

56-55-3 Benz(a)anthracene mg/kg 0.05 8 0.33 83.00 19.12 10.15 27.86 2 1.71 29 Hydrock Derived 16 17 30 83 1.1 0.33 4.3 1.2

50-32-8 Benzo(a)pyrene mg/kg 0.05 8 0.29 73.00 17.72 10.55 24.49 4 0.91 10 C4SL - CL:AIRE 2014 17 17 28 73 1.2 0.29 4.1 1.2

205-99-2 Benzo(b)fluoranthene mg/kg 0.05 8 0.35 93.00 21.28 10.65 31.36 4 1.22 7.2 Hydrock Derived 18 17 35 93 1.3 0.35 4.3 1.3

191-24-2 Benzo(ghi)perylene mg/kg 0.05 8 0.16 38.00 9.01 4.75 12.82 0 0.02 640 Hydrock Derived 7.7 8.2 15 38 0.57 0.16 1.8 0.63

207-08-9 Benzo(k)fluoranthene mg/kg 0.05 8 0.12 32.00 7.95 4.70 10.80 0 0.69 190 Hydrock Derived 8 7.9 13 32 0.46 0.12 1.5 0.61

218-01-9 Chrysene mg/kg 0.05 8 0.30 79.00 18.28 9.60 26.49 1 0.44 57 Hydrock Derived 15 16 29 79 1.3 0.3 4.2 1.4

53-70-3 Dibenz(ah)anthracene mg/kg 0.05 8 0.05 9.20 2.14 1.10 3.09 4 0.004 0.57 Hydrock Derived 1.8 1.8 3.5 9.2 0.14 <0.05 0.4 0.25

206-44-0 Fluoranthene mg/kg 0.05 8 0.59 210.00 45.34 20.05 70.99 0 19 3100 Hydrock Derived 31 33 74 210 2.3 0.59 9.1 2.7

86-73-7 Fluorene mg/kg 0.05 8 0.08 34.00 6.10 2.05 11.51 0 31 9900 Hydrock Derived 1.9 2.9 7.2 34 0.23 0.08 2.2 0.3

193-39-5 Indeno(123cd)pyrene mg/kg 0.05 8 0.13 35.00 8.21 4.25 11.85 0 0.06 82 Hydrock Derived 7 7 14 35 0.49 0.13 1.5 0.54

91-20-3 Naphthalene mg/kg 0.05 8 0.05 19.00 2.94 0.75 6.52 0 76 3900 Hydrock Derived 0.68 0.82 1.8 19 0.11 <0.05 0.94 0.12

85-01-8 Phenanthrene mg/kg 0.05 8 0.41 200.00 37.91 12.65 67.72 0 36 3100 Hydrock Derived 16 21 53 200 1.7 0.41 9.3 1.9

129-00-0 Pyrene mg/kg 0.05 8 0.61 180.00 40.24 19.65 60.59 0 2.2 7400 Hydrock Derived 30 32 65 180 2.4 0.61 9.3 2.6

P1310 PAH 16 Total mg/kg 0.8 8 3.53 1180.00 253.88 117.50 396.97 - 178 189 394 1180 13.9 3.53 57 15.6

Default - Human Health - POSresi (1%SOM)

24-013057-2

1 of 2 22/05/2024,  09:40



Assessment of Chemicals of Potential Concern to Human Health

Risk parameter: BH02 @ 0.4 WS08 @ 0.3 WS09 @ 1 WS01 @ 0.4 WS03 @ 0.4 WS05 @ 0.4 WS07 @ 0.4 WS09 @ 1.2 WS02 @ 0.9

Client: University of Manchester Data Filters

Site: The Limes, Manchester Zone All

Job no.: 33445 Strata All

Lab. report no(s).: Depth Min (m bgl) 0.3

Depth Max (m bgl) 1.2 Date 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24

Zone

Dataset mean SOM% 3.34 Location BH02 WS08 WS09 WS01 WS03 WS05 WS07 WS09 WS02

All values in mg/kg unless otherwise stated Scenario SOM% 1 Depth (m bgl) 0.4 0.3 1 0.4 0.4 0.4 0.4 1.2 0.9

CAS No / P 

Code
Chemical of Potential Concern Units LoD

No. 

Samples

Min. 

Value

Max. 

Value
Mean Median

Standard 

Deviation

No. 

Samples 

>= GAC & > 

LoD

Soil 

Saturation 

Limit @1% 

SOM

GAC GAC Source Strata MG MG MG MG MG MG GT GT GT

Default - Human Health - POSresi (1%SOM)

24-013057-2

- TPH fractions

P1407 TPH ali EC05-EC06 mg/kg 0.002 2 0.02 0.02 0.02 0.02 0.000 0 304 570000 Hydrock Derived <0.02  <0.02

P1408 TPH ali >EC06-EC08 mg/kg 0.002 2 0.02 0.02 0.02 0.02 0.000 0 144 600000 Hydrock Derived <0.02  <0.02

P1409 TPH ali >EC08-EC10 mg/kg 0.05 2 0.05 0.05 0.05 0.05 0.000 0 78 13000 Hydrock Derived <0.05  <0.05

P1410 TPH ali >EC10-EC12 mg/kg 1 2 1.00 4.10 2.55 2.55 2.19 0 48 13000 Hydrock Derived 4.1  <1

P1411 TPH ali >EC12-EC16 mg/kg 2 2 2.00 19.00 10.50 10.50 12.02 0 24 13000 Hydrock Derived 19  <2

P1412 TPH ali >EC16-EC21 mg/kg 8 2 8.00 21.00 14.50 14.50 9.19 - 21  <8

P1413 TPH ali >EC21-EC35 mg/kg 8 2 8.00 25.00 16.50 16.50 12.02 - 25  <8

P1938 TPH ali >EC16-EC35 mg/kg 10 2 10.00 46.00 28.00 28.00 25.46 0 8 250000 Hydrock Derived 46  <10

P1415 TPH ali >EC35-EC44 mg/kg 8.4 2 8.40 8.40 8.40 8.40 0.00 0 8 250000 Hydrock Derived <8.4  <8.4

P1418 TPH ali >EC5-EC35 mg/kg 10 2 10.00 69.00 39.50 39.50 41.72 - 69  <10

P1420 TPH ali >EC5-EC44 mg/kg 10 2 10.00 69.00 39.50 39.50 41.72 - 69  <10

P1441 TPH aro EC05-EC07 mg/kg 0.001 2 0.01 0.01 0.01 0.01 0.00 0 1218 56000 Hydrock Derived <0.01  <0.01

P1355 TPH aro >EC07-EC08 mg/kg 0.001 2 0.01 0.01 0.01 0.01 0.00 0 869 56000 Hydrock Derived <0.01  <0.01

P1356 TPH aro >EC08-EC10 mg/kg 0.05 2 0.05 0.05 0.05 0.05 0.00 0 613 5000 Hydrock Derived <0.05  <0.05

P1357 TPH aro >EC10-EC12 mg/kg 1 2 1.00 20.00 10.50 10.50 13.44 0 364 5000 Hydrock Derived 20  <1

P1358 TPH aro >EC12-EC16 mg/kg 2 2 7.50 270.00 138.75 138.75 185.62 0 169 5000 Hydrock Derived 270  7.5

P1359 TPH aro >EC16-EC21 mg/kg 10 2 36.00 2100.00 1068.00 1068.00 1459.47 0 54 3800 Hydrock Derived 2100  36

P1360 TPH aro >EC21-EC35 mg/kg 10 2 44.00 3400.00 1722.00 1722.00 2373.05 0 5 3800 Hydrock Derived 3400  44

P1362 TPH aro >EC35-EC44 mg/kg 8.4 2 30.00 200.00 115.00 115.00 120.21 0 5 3800 Hydrock Derived 200  30

P1365 TPH aro >EC5-EC35 mg/kg 10 2 88.00 5800.00 2944.00 2944.00 4038.99 - 5800  88

P1941 TPH aro >EC5-EC44 mg/kg 10 2 120.00 6000.00 3060.00 3060.00 4157.79 - 6000  120

- VOCs - BTEX & MTBE

71-43-2 Benzene mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 1218 140 C4SL - CL:AIRE 2014 <0.005 <0.005

108-88-3 Toluene mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 869 56000 Hydrock Derived <0.005 <0.005

100-41-4 Ethylbenzene mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 518 24000 Hydrock Derived <0.005 <0.005

95-47-6 Xylene, o- mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 478 41000 Hydrock Derived <0.005 <0.005

1330-20-7 Xylene, p- (or combined m & p) mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 576 41000 Hydrock Derived <0.005 <0.005

1634-04-4 MTBE mg/kg 1 2 0.01 0.01 0.01 0.01 0.00 0 20358 75000 Hydrock Derived <0.005 <0.005

HAZARD QUOTIENTS FOR EACH FRACTION

Aliphatics >EC5-EC6 3.50877E-08 3.50877E-08

Aliphatics >EC6-EC8 3.33333E-08 3.33333E-08

Aliphatics >EC8-EC10 3.84615E-06 3.84615E-06

Aliphatics >EC10-EC12 0.000315385 7.69231E-05

Aliphatics >EC12-EC16 0.001461538 0.000153846

Aliphatics >EC16-EC35 0.000184 0.00004

Aliphatics >EC35-EC44 0.0000336 0.0000336

Aromatics EC5-EC7 1.78571E-07 1.78571E-07

Aromatics >EC7-EC8 1.78571E-07 1.78571E-07

Aromatics >EC8-EC10 0.00001 0.00001

Aromatics >EC10-EC12 0.004 0.0002

Aromatics >EC12-EC16 0.054 0.0015

Aromatics >EC16-EC21 0.552631579 0.009473684

Aromatics >EC21-EC35 0.894736842 0.011578947

Aromatics >EC35-EC44 0.052631579 0.007894737

Hazard Index for ali>C8-C16 0.001780769 0.000234615

Hazard Index for aro>C8-C16 0.05801 0.00171

Hazard Index for aro>C16-C35 1.447368421 0.021052632

Legend: MG Made Ground <0.02

GT Glacial Till

0.02

*<10

Y

Template Version: -

1.09: 11/03/24 + represents a data point that is not included in the current filter settings

Text result

Value excluded from statistical analysis

Represents a determinand that was not tested.

Value greater than, or equal to, the generic assessment criterion (GAC).

Value below the laboratory reporting limit and are considered as being at the detection 

limit for the purposes of statistical analysis, as a conservative estimate.

Considered additive

Considered additive

Considered additive

Hazard Index table - HI or HQ greater than 1 highlighted with orange shading.

TPH Additivity Check

2 of 2 22/05/2024,  09:40
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Phytotoxic GQRA 
  



Assessment of Chemicals of Potential Concern to Plant Life

Risk parameter: BH02 @ 0.4 WS08 @ 0.3 WS09 @ 1 WS01 @ 0.4WS03 @ 0.4WS05 @ 0.4WS07 @ 0.4WS09 @ 1.2WS02 @ 0.9  @ 

Client: University of Manchester Data Filters

Site: The Limes, Manchester Zone All

Job no.: 33445 Strata All

Lab. report no(s).: Depth Min (m bgl) 0.3

Depth Max (m bgl) 1.2 Date 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24 02/04/24

Zone

Dataset mean pH 8.21 Location BH02 WS08 WS09 WS01 WS03 WS05 WS07 WS09 WS02

All values in mg/kg unless otherwise stated Scenario pH >7 Depth (m bgl) 0.4 0.3 1 0.4 0.4 0.4 0.4 1.2 0.9

CAS No / P 

Code
Chemical of Potential Concern Units LoD

No. 

Samples

Min. 

Value
Max. Value Mean Median

Standard 

Deviation

No. Samples 

>= GAC & > LoD
GAC GAC Source Strata MG MG MG MG MG MG GT GT GT

- Hydrock Default Suite -  FOC / SOM / pH

P1334 pH (su) pH Units 0.1 8 7.20 10.10 8.21 7.90 1.12 - - 8.1 8 9.8 10.1 7.4 7.3 7.2 7.8

- Hydrock Default Suite - Metals & PAH

7440-38-2 Arsenic mg/kg 1 8 8.30 46.00 24.54 24.50 13.94 0 250 MAFF 1998 29 31 39 20 13 8.3 10 46

7440-42-8 Boron mg/kg 0.2 8 0.30 2.00 1.00 0.85 0.52 0 5 Nable, et al. 1997 1.4 0.8 0.9 1.2 0.7 0.7 2 0.3

16065-83-1 Chromium (III) mg/kg 1 8 18.00 26.00 21.38 21.00 2.77 0 400 MAFF 1998 (Cr(T)) 19 21 26 18 23 19 24 21

18540-29-9 Chromium (VI) mg/kg 1.8 8 1.80 1.80 1.80 1.80 0.00 0 25 ICRCL 70/90 1990 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

7440-50-8 Copper mg/kg 1 8 15.00 160.00 56.88 43.00 48.14 0 200 BS3882 2015 64 85 160 54 24 15 21 32

7440-02-0 Nickel mg/kg 1 8 19.00 43.00 26.88 23.50 9.61 0 110 BS3882 2015 28 40 43 25 19 19 22 19

7440-66-6 Zinc mg/kg 1 8 43.00 700.00 170.88 110.00 219.54 1 300 BS3882 2015 110 110 190 120 48 43 46 700

Legend: MG Made Ground <0.02

GT Glacial Till

0.02

64.00

*<10

Y

Template Version: -

1.09: 11/03/24 + represents a data point that is not included in the current filter settings

Value below the laboratory reporting limit and are considered as being at the 

detection limit for the purposes of statistical analysis, as a conservative 

estimate.
Value greater than, or equal to, the generic assessment criterion (GAC).

Value exceed saturation limit and substance is liquid or solid at ambient 

temperature
Value excluded from statistical analysis

Text result

Represents a determinand that was not tested.

Phytotoxic pH >7

24-013057-2

1 of 1 13/05/2024,  16:14
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Controlled waters GQRA 

  



Remedial Targets Methodology Data Table

Hydrock Scenario: Scenario A - DWS
RTM Level: RTM Level 2 - Groundwater Beneath Source Assessment - groundwater samples

Water body receptor(s): Groundwater and surface water 123* Exceeds solubility value
Secondary receptor(s): Human health (abstraction) <1 Grey text and "<" sign if value <= LoD

Data set: Groundwater 999 Red text if value > DWS
Client: University of Manchester

Site: The Limes Relocation
Job no: 33445 Surface Water Representative Hardness as mg/l CaCO/ 10

Test Certificates(s): 24-015315
Dataset ALL ZONES Strata / Zone Glacial Till

Date sampled: 18/04/2024

CAS / AGS 

Number

Chemical of Potential Concern 

(µg/l)

WFD 

Designation

Hazardous 

Substance 

Status 

Solubility 

Limit (µg/l)

No. of 

samples

Limit of 

Detection
DWS WS08

7440-22-4 Silver (Ag) (dissolved) 1 0.05 n/a <0.05
7429-90-5 Aluminium (Al) (dissolved) 1 0.001 200 220
7440-38-2 Arsenic (As) (dissolved) SP H 1 0.15 10 1.3
7440-42-8 Boron (B) (dissolved) NP 1 10 1000 86
7440-39-3 Barium (Ba) (dissolved) 1 0.06 1300 71
7440-43-9 Cadmium (Cd) (dissolved)  PH NP 1 0.02 5 <0.02
7440-48-4 Cobalt (Co) (dissolved) NP 1 0.2 n/a 1.7
18540-29-9 Chromium (VI) (Cr) (dissolved) SP H 1 5 n/a <5
16065-83-1 Chromium (III) (Cr) (dissolved) SP 1 5 n/a <5

7440-47-3
Chromium (Cr) (total) 
(dissolved) 1 0.2 50 5

7440-50-8 Copper (Cu) (dissolved) SP NP 1 0.5 2000 <0.5
7439-89-6 Iron (Fe) (dissolved) SP 1 4 200 79
7439-97-6 Mercury (Hg) (dissolved) PH H 1 0.005 1 5.6
P1286 Manganese (Mn) (dissolved) SP 1 0.05 50 1700
7440-23-5 Sodium (Na) (dissolved) 1 10 200000 33000
7440-02-0 Nickel (Ni) (dissolved) P NP 1 0.5 20 5.6
7439-92-1 Lead (Pb) (dissolved) P H 1 0.2 10 <0.2
7440-36-0 Antimony (Sb) (dissolved) NP 1 0.4 5 1.9
7782-49-2 Selenium (Se) (dissolved) NP 1 0.6 10 3.5
7440-31-5 Tin (Sn) (dissolved) 1 0.2 n/a <0.2
7440-62-2 Vanadium (V) (dissolved) 1 0.2 n/a 0.4
7440-66-6 Zinc (Zn) (dissolved) SP NP 1 0.5 n/a 2.2

P1095
Cyanide (free) (hydrogen 
cyanide) SP NP 1 1 n/a <1

57-12-5 Cyanide (total) 1 1 50 <1
P1140 Ammonium (NH0,) NP 1 15 500 2600
P1238 Ammnoniacal Nitrogen (as N) NP 1 15 n/a 2000

P1720
Ammonia (unionised) (NH/ as N) 
{free ammonia} SP NP 1 15 n/a 2400

15541-45-4 Bromate (BrO/) 1 2 10 <2
16887-00-6 Chloride (Cl-) 1 150 250000 45000
16984-48-8 Fluoride (F-) 1 50 1500 100
P1348 Nitrate (NO/-) 1 50 50000 100
P1349 Nitrite (NO.-) 1 5 500 28
14808-79-8 Sulfate (SO0²-) 1 45 250000 69900
P1134 pH (min.) (su) 1 0 6.5 6.8
P1134 pH (max.) (su) 1 0 9.5 6.8
P1287 Electrical conductivity (µS/cm) 1 10 2500 920
120-12-7 Anthracene PH H 56 1 0.01 n/a <0.01
50-32-8 Benzo(a)pyrene PH H 3.8 1 0.01 0.01 <0.01
206-44-0 Fluoranthene P H 230 1 0.01 n/a <0.01
91-20-3 Naphthalene P NP 19000 1 0.01 n/a <0.01

GRP01

PAHs = sum of 
benzo(b)fluoranthene, 
benzo(k)fluoranthene, 
benzo(ghi)perylene, indeno(1,2,3-
cd)pyrene P H 1 0.04 0.1 <0.04

P1877 Phenol SP NP 84100000 1 1 n/a <1
P1407 Ali EC5-EC6 35900 1 1 15000 <1
P1408 Ali >EC6-EC8 5370 1 1 15000 <1
P1409 Ali >EC8-EC10 427 1 1 300 <1
P1410 Ali >EC10-EC12 33.9 1 10 300 <10
P1411 Ali >EC12-EC16 0.759 1 10 300 <10
P1938 Ali >EC16-EC35 0.00254 1 10 n/a <10
P1415 Ali >EC35-EC44 0.00254 1 10 n/a <10
P1441 Aro EC5-EC7 1780000 1 1 1 <1
P1355 Aro >EC7-EC8 590000 1 1 700 <1
P1356 Aro >EC8-EC10 64600 1 1 300 <1
P1357 Aro >EC10-EC12 24500 1 10 90 <10
P1358 Aro > EC12-EC16 5750 1 10 90 <10
P1359 Aro >EC16-EC21 653 1 10 90 <10
P1360 Aro >EC21-EC35 6.61 1 10 90 <10
P1362 Aro >EC35-EC44 6.61 1 10 n/a <10
71-43-2 Benzene P H 1780000 1 3 1 <3
108-88-3 Toluene SP H 590000 1 3 700 <3
100-41-4 Ethylbenzene H 180000 1 3 300 <3
95-47-6 o-Xylene H 173000 1 3 500 <3
P1374 m,p-Xylene H 200000 1 3 500 <3

1634-04-04
Methyl tertiary butyl ether 
(MTBE) NP 48000000 1 3 15 <3

PNEC calculated (inland 
EQS)

33445 RTM L1+L2 (Ver 33)2,  Data Table 1 of 1 23/05/2024, 13:55



Summary of Remedial Targets Methodology Screening

Hydrock Scenario: 2013/39/EU Annex I

RTM Level: RTM Level 2 - Groundwater Beneath Source Assessment - groundwater samples P = priority substance

Water body receptor(s): Groundwater and surface water PH = priority hazardous substances. 

Secondary receptor(s): Human health (abstraction) WFD Designation (2015 Directions)

Data set: Groundwater OP = Other substance identical to previous legislation

Client: University of 

Manchester SP = Specific Pollutant

Site: The Limes 

Relocation JAGDAG Hazardous Substances Determination (UK)

Job no: 33445 H Hazardous substance

Test Certificates(s): 24-015315 NP Non-hazardous pollutant

Dataset ALL ZONES 1 0 (blank) Not included in assessment

Value Being 

Compared to 

Target =
Notes

No. of 

Samples

No. of 

Samples > 

LoD

Limit of 

Detection

Minimum 

Value

Maximum 

Value

95-%ile 

Value

Maximum 

Value DWS DWS DWS

7440-22-4 Silver (Ag) (dissolved) 1 0 0.05 <0.05 <0.05 <0.05 <0.05 n/a

7429-90-5 Aluminium (Al) (dissolved) 1 1 0.001 220 220 220 220 200 1 1

7440-38-2 Arsenic (As) (dissolved) SP H 1 1 0.15 1.3 1.3 1.3 1.3 10 0 0

7440-42-8 Boron (B) (dissolved) NP 1 1 10 86 86 86 86 1000 0 0

7440-39-3 Barium (Ba) (dissolved) 1 1 0.06 71 71 71 71 1300 0 0

7440-43-9 Cadmium (Cd) (dissolved)  PH NP 1 0 0.02 <0.02 <0.02 <0.02 <0.02 5 0 0

7440-48-4 Cobalt (Co) (dissolved) NP 1 1 0.2 1.7 1.7 1.7 1.7 n/a

18540-29-9 Chromium (VI) (Cr) (dissolved) SP H 1 0 5 <5 <5 <5 <5 n/a

16065-83-1 Chromium (III) (Cr) (dissolved) SP 1 0 5 <5 <5 <5 <5 n/a

7440-47-3 Chromium (Cr) (total) (dissolved)
1 1 0.2 5 5 5 5 50 0 0

7440-50-8 Copper (Cu) (dissolved) SP NP 1 0 0.5 <0.5 <0.5 <0.5 <0.5 2000 0 0

7439-89-6 Iron (Fe) (dissolved) SP 1 1 4 79 79 79 79 200 0 0

7439-97-6 Mercury (Hg) (dissolved) PH H 1 1 0.005 5.6 5.6 5.6 5.6 1 1 1

P1286 Manganese (Mn) (dissolved) SP 1 1 0.05 1700 1700 1700 1700 50 1 1

7440-23-5 Sodium (Na) (dissolved) 1 1 10 33000 33000 33000 33000 200000 0 0

7440-02-0 Nickel (Ni) (dissolved) P NP 1 1 0.5 5.6 5.6 5.6 5.6 20 0 0

7439-92-1 Lead (Pb) (dissolved) P H 1 0 0.2 <0.2 <0.2 <0.2 <0.2 10 0 0

7440-36-0 Antimony (Sb) (dissolved) NP 1 1 0.4 1.9 1.9 1.9 1.9 5 0 0

7782-49-2 Selenium (Se) (dissolved) NP 1 1 0.6 3.5 3.5 3.5 3.5 10 0 0

7440-31-5 Tin (Sn) (dissolved) 1 0 0.2 <0.2 <0.2 <0.2 <0.2 n/a

7440-62-2 Vanadium (V) (dissolved) 1 1 0.2 0.4 0.4 0.4 0.4 n/a

7440-66-6 Zinc (Zn) (dissolved) SP NP 1 1 0.5 2.2 2.2 2.2 2.2 n/a

P1095 Cyanide (free) (hydrogen cyanide) SP NP
1 0 1 <1 <1 <1 <1 n/a

57-12-5 Cyanide (total) 1 0 1 <1 <1 <1 <1 50 0 0

P1140 Ammonium (NH0,) NP 1 1 15 2600 2600 2600 2600 500 1 1

P1238 Ammnoniacal Nitrogen (as N) NP 1 1 15 2000 2000 2000 2000 n/a

P1720 Ammonia (unionised) (NH/ as N) 

{free ammonia}

SP NP
1 1 15 2400 2400 2400 2400 n/a

15541-45-4 Bromate (BrO/) 1 0 2 <2 <2 <2 <2 10 0 0

16887-00-6 Chloride (Cl-) 1 1 150 45000 45000 45000 45000 250000 0 0

16984-48-8 Fluoride (F-) 1 1 50 100 100 100 100 1500 0 0

P1348 Nitrate (NO/-) 1 1 50 100 100 100 100 50000 0 0

P1349 Nitrite (NO.-) 1 1 5 28 28 28 28 500 0 0

14808-79-8 Sulfate (SO0²-) 1 1 45 69900 69900 69900 69900 250000 0 0

P1134 pH (min.) (su) 1 1 0 6.8 6.8 6.8 6.8 6.5 0 0

P1134 pH (max.) (su) 1 1 0 6.8 6.8 6.8 6.8 9.5 0 0

P1287 Electrical conductivity (µS/cm) 1 1 10 920 920 920 920 2500 0 0

120-12-7 Anthracene PH H 1 0 0.01 <0.01 <0.01 <0.01 <0.01 n/a

50-32-8 Benzo(a)pyrene PH H

1 0 0.01 <0.01 <0.01 <0.01 <0.01 0.01 0 0

206-44-0 Fluoranthene P H 1 0 0.01 <0.01 <0.01 <0.01 <0.01 n/a

91-20-3 Naphthalene P NP 1 0 0.01 <0.01 <0.01 <0.01 <0.01 n/a

GRP01 PAHs = sum of 
benzo(b)fluoranthene, 
benzo(k)fluoranthene, 

benzo(ghi)perylene, indeno(1,2,3-
cd)pyrene 

P H

1 0 0.04 <0.04 <0.04 <0.04 <0.04 0.1 0 0

P1877 Phenol SP NP 1 0 1 <1 <1 <1 <1 n/a

P1407 Ali EC5-EC6 1 0 1 <1 <1 <1 <1 15000 0 0

P1408 Ali >EC6-EC8 1 0 1 <1 <1 <1 <1 15000 0 0

P1409 Ali >EC8-EC10 1 0 1 <1 <1 <1 <1 300 0 0

P1410 Ali >EC10-EC12 1 0 10 <10 <10 <10 <10 300 0 0

P1411 Ali >EC12-EC16 1 0 10 <10 <10 <10 <10 300 0 0

P1938 Ali >EC16-EC35 1 0 10 <10 <10 <10 <10 n/a

P1415 Ali >EC35-EC44 1 0 10 <10 <10 <10 <10 n/a

P1441 Aro EC5-EC7 1 0 1 <1 <1 <1 <1 1 0 0

P1355 Aro >EC7-EC8 1 0 1 <1 <1 <1 <1 700 0 0

P1356 Aro >EC8-EC10 1 0 1 <1 <1 <1 <1 300 0 0

P1357 Aro >EC10-EC12 1 0 10 <10 <10 <10 <10 90 0 0

P1358 Aro > EC12-EC16 1 0 10 <10 <10 <10 <10 90 0 0

P1359 Aro >EC16-EC21 1 0 10 <10 <10 <10 <10 90 0 0

P1360 Aro >EC21-EC35

1 0 10 <10 <10 <10 <10 90 0 0

P1362 Aro >EC35-EC44 1 0 10 <10 <10 <10 <10 n/a

71-43-2 Benzene P H 1 0 3 <3 <3 <3 <3 1 1 0

108-88-3 Toluene SP H 1 0 3 <3 <3 <3 <3 700 0 0

100-41-4 Ethylbenzene H 1 0 3 <3 <3 <3 <3 300 0 0

95-47-6 o-Xylene H 1 0 3 <3 <3 <3 <3 500 0 0 DWS for total xylene

P1374 m,p-Xylene H 1 0 3 <3 <3 <3 <3 500 0 0 DWS for total xylene

1634-04-04 Methyl tertiary butyl ether (MTBE) NP
1 0 3 <3 <3 <3 <3 15 0 0 Non health based value - WHO odour threshold

No. Samples above 

LoD Exceeding 

Water Quality WFD 

Designation

Hazardous 

Substance 

Status 

Scenario A - DWS

CAS / AGS 

Number

No. Samples 

Exceeding Water 

Quality Target

Summary of Sample Data
Water Quality 

Target

(Exceeded if Red 
Chemicals of Potential 

Concern
(concentrations in µg/l)

PNEC calculated 

(inland EQS)

33445 RTM L1+L2 (Ver 33)2,  Summary 1 of 1 14/05/2024, 09:26
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Appendix F  Waste Assessment 
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HazWasteOnline™ assessment 
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Appendix G  Geotechnical Risk Register 
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Geotechnical hazard identification – desk study stage 

Potential geotechnical hazards have been assessed in accordance with the general requirements of ICE/DETR 
Document ‘Managing Geotechnical Risk’ and the HE documents HD 41/15 and CD 622. The following pages set 
out the identified geotechnical risks and hazards which are associated with the proposed development and 
establish the approach which is to be taken to manage the risks including the geotechnical input and analysis.    

Table G.1 is a preliminary assessment of possible geotechnical hazards at the site at Desk Study stage. This 
information is used to assist with ground investigation design.   

Table G.1: Possible geotechnical hazards 

Hazard Comment Hazard status based on desk study 

Could be 
present and / or 
affect site 

(i.e. Plausible) 

Unlikely to be 
present and/or 
affect site 

Uncontrolled Made Ground (variable strength 
and compressibility). 

Deeper Made Ground may be 
associated with the former 
structures. 

✔ - 

Soft / loose compressible ground (low strength 
and high settlement potential). 

The Made Ground may be 
soft in consistency or loose in 
density. 

✔ - 

Shrink swell of the clay fraction of soils under the 
influence of vegetation. 

Glacial Till underlies the site 
and mature trees are present 
on site boundaries.  

✔ - 

Variable lateral and vertical changes in ground 
conditions. 

The Made Ground may vary 
laterally and vertically. 

✔ - 

High sulphates present in the soils. The Made Ground may 
contain elevated sulphates. 

✔ - 

Adverse chemical ground conditions, (e.g. 
expansive slag). 

Unlikely to pose a risk.  - ✔ 

Obstructions. May be present associated 
with former structures. 

✔ - 

Existing below ground structures to remain (on or 
off-site tunnels, foundations, basements, and 
adjacent sub-structures). 

Unlikely to pose a risk.  - ✔ 

Shallow groundwater. Perched groundwater may 
be present on top of the 
Glacial Till or within granular 
layers.  

✔ - 

Changing groundwater conditions. Seasonal Variations may 
affect the groundwater 
depth.  

✔ - 

Risk from erosion. Unlikely to pose a risk.  - ✔ 

Risk from flooding. Unlikely to pose a risk.  - ✔ 

Loose Made Ground, leading to difficulty with 
excavation and collapse of side walls. 

If granular the shallow Made 
Ground may be loose in 
density.  

✔ - 

Slope stability issues – general slopes.  Unlikely to pose a risk.  - ✔ 

Slope stability issues – retaining walls. Unlikely to pose a risk.  - ✔ 

Hazard Comment Hazard status based on desk study 

Could be 
present and / or 
affect site 

(i.e. Plausible) 

Unlikely to be 
present and/or 
affect site 

Earthworks – settlement (due to placement of fill 
on soft / loose ground). 

Unlikely to pose a risk. If 
earthworks are required 
reassessment will be 
required and the suitability of 
soils onsite for reuse as fill 
will require assessment.   

- ✔ 

Earthworks – poor bearing capacity of new fill. - ✔ 

Earthworks – unsuitability of site won material to 
be reused as fill. 

- ✔ 

Solution features in Chalk. Unlikely to pose a risk.  - ✔ 

Cavities in the Superficial Deposits due to 
solution features. 

Unlikely to pose a risk.  - ✔ 

Dissolution (associated with “wet rock head”). Unlikely to pose a risk.  - ✔ 

Brine extraction. Unlikely to pose a risk.  - ✔ 

Mining. Unlikely to pose a risk.  - ✔ 

Cambered ground with gulls possibly present. Unlikely to pose a risk.  - ✔ 

Relict Slip Surfaces. Unlikely to pose a risk.  - ✔ 

Solifluction. Unlikely to pose a risk.  - ✔ 

Problematic soils (silts and rewetting etc.). Unlikely to pose a risk.  - ✔ 
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Geotechnical Hazard Identification – Following Ground Investigation 

The preliminary Geotechnical Risk Register following Ground Investigation is set out in Table G.3.   

The probability and impact of a hazard have been judged on a qualitative scale as set out in Table G.2. The 
degree of risk (R) is determined by combining tan assessment of the probability (P) of the hazard occurring with 
an assessment of the impact (I) of the hazard and associated mitigation it will require if it occurs (R = P x I).   

Table G.2: Qualitative assessment of hazards and risks 

P = Probability  I = Impact  R = Risk Rating (P x I) 

1 Very unlikely (VU)  1 Very Low  1 – 4 None / negligible 

2 Unlikely (U)  2 Low  5 – 9 Minor 

3 Plausible (P)  3 Medium  10 – 14 Moderate 

4 Likely (Lk)  4 High  15 – 19 Substantial 

5 Very Likely (VLk)  5 Very High  20 - 25 Severe 

Table G.3: Geotechnical Risk Register 

Hazard Comment Who is at Risk Consequence Risk Before 
Mitigation 

Actions Required 

P I R 

Uncontrolled 
Made Ground 
(variable 
strength and 
compressibility). 

Made 
Ground 
underneath 
the 
proposed 
building 
extends to 
1.00m bgl 
and up to 
1.55m in 
WS01 within 
a proposed 
landscaped 
area and 
may 
encroach 
into an 
external 
area.    

Proposed 
Building. 

Bearing 
capacity failure, 
settlement 
(total and 
differential). 

3 4 12 Design foundations to found below 
Made Ground. 

Floor slab 
failure. 

3 4 12 Design floor slabs as suspended. 

Roads and 
Pavements. 

Settlement 
(total and 
differential) of 
roads and 
pavements. 

3 2 6 Design roads and pavements using 
suitable geotechnical parameters and 
increase the sub-base and use geo-
grids as appropriate. 

Services. Settlement 
(differential), 
causing 
damage to 
services. 

2 2 4 Settlements are not anticipated to be 
significant with regard to services. No 
additional design requirements 
envisaged.   

Soft 
Landscaping 

Settlement 
(differential), in 
gardens. 

2 2 4 It is unlikely that settlements will be 
significant with regard to soft 
landscaping.   

Construction 
staff, vehicles 
and plant 
operators. 

Trafficking of 
the site in 
temporary 
conditions. 

Overturning of 
plant during 
construction. 

3 3 9 Where soft spots encountered, over-
excavation and replacement with 
suitable fill. 

Outline design of working platform to 
include geo-grid.  

Site inspection and watching brief by 
Contractor to review working platform 
frequently and regularly. 

 

 

 

 

Hazard Comment Who is at Risk Consequence Risk Before 
Mitigation 

Actions Required 

P I R 

Soft / loose 
ground  

(low strength 
and high 
settlement 
potential). 

 

The shallow 
Glacial Till is 
soft to firm. 
Becoming 
stiff with 
depth. 

Proposed 
Building 

Foundation 
bearing 
capacity failure, 
settlement 
(total and 
differential). 

3 4 12 Design foundations to found below any 
soft clays.  

Floor slab 
failure. 

3 4 12 Design floor slab as suspended. 

Roads and 
Pavements. 

Settlement 
(total and 
differential), of 
roads and 
pavements. 

 3  Design roads and pavements using 
suitable geotechnical parameters and 
increase the sub-base and use geo-
grids as appropriate. 

If anticipated settlements are 
significant, and cannot be mitigated by 
design, over-excavate and replace soft 
soils. 

Services. Settlement 
(differential), 
causing 
damage to 
services. 

2 2 4 Settlements are not anticipated to be 
significant with regard to services. No 
additional design requirements 
envisaged.   

Gardens. Settlement 
(differential), in 
gardens. 

2 2 4 It is unlikely that settlements will be 
significant with regard to soft 
landscaping.   

Construction 
staff, vehicles 
and plant 
operators. 

Trafficking of 
the site in 
temporary 
conditions. 

Overturning of 
plant during 
construction. 

3 3 9 Where soft spots encountered, over-
excavate and replace with suitable fill. 

Design working platform to suit the 
ground conditions. 

Outline design of working platform to 
include geo-grid if necessary.  

Site inspection and watching brief by 
Contractor to review working platform 
frequently and regularly. 

Shrinkage / 
swelling of the 
clay fraction of 
soils under the 
influence of 
vegetation. 

The clays of 
the medium 
volume 
change 
potential. 

Foundations.  Shrinkage or 
heave of soils 
and associated 
damage to 
foundations. 

3 4 12 Complete desiccation assessment if 
pad foundations are considered 
suitable. Utilise void formers to protect 
pad foundations or the top of piles from 
heave.  

Floor slabs. Floor slab 
failure. 

3 4 12 Design floor slab as suspended with a 
void, unless the warranty provider is 
satisfied the soil is not desiccated, or 
slabs are constructed when soils are 
not seasonally desiccated (i.e. during 
winter and spring). 
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Hazard Comment Who is at Risk Consequence Risk Before 
Mitigation 

Actions Required 

P I R 

Shallow 
groundwater. 

Post 
investigation 
monitoring 
found a 
perched 
water table 
at circa 
0.60m bgl. 

Construction 
staff, vehicles 
and plant 
operators. 

Difficulty with 
excavation. 

4 2 8 Contractor to appoint competent 
Temporary Works Designer to design 
temporary works, in accordance with 
BS 5975:2008+A1:2011. 

Temporary Works Designer to consider 
in their analysis the impact of, and 
requirements for, de-watering of 
excavations.  

Temporary Works Designer to consider 
in their analysis the impact of a variable 
water table. 

Any water that collects at the base of 
excavations to be removed as soon as 
practicable. 

Loose Made 
Ground, leading 
to difficulty with 
excavation and 
collapse of side 
walls. 

The ground 
investigation 
has 
indicated 
that there is 
a potential 
for loose 
soils and 
Made 
Ground to 
be present 
at the site. 

Construction 
staff, vehicles 
and plant 
operators. 

Ground failure, 
instability of 
plant and 
machinery. 

3 4 12 As instability has been noted in all pits 
from surface, foundation options 
should be reviewed to ensure minimal 
excavation (e.g. piles). 

Contractor to appoint competent 
Temporary Works Designer to design 
temporary works, in accordance with 
BS 5975:2008+A1:2011. 

Temporary Works Design to include 
recommendations for inspection of 
excavations. No person entry to 
unsupported excavations. 

 

Risk of collapse 
of excavation. 

3 3 9 

 

Unforeseen 
ground 
conditions - risk 
associated with 
limited data. 

Ground 
investigation 
has been 
undertaken.  
However, 
additional 
information 
will be 
obtained 
during 
construction
.  Ground 
conditions 
are only 
defined at 
exploratory 
hole 
locations. 

All aspects of the development 3 4 12 Designers to be contacted if conditions 
encountered are different to those 
identified during investigation. 

Regular inspections of excavations and 
earthworks for evidence of stability.  

Adequate investigation required to 
characterise the site and understand 
the potential risks. 

Whilst the probability and impact of the hazard occurring can be reduced to a minimum by geotechnical design, 
the impact cannot be reduced below very low.  The risk register will need to be up-dated, as necessary, to reflect 
design, additional information, data and experience as it is gained through the construction process.   

Impacts of the design with regard to health and Safety considerations will need to be included by the designer at 
design stage. 
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Appendix H  Plausible Source-Pathway-
Receptor Contaminant Linkages 
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Summary of potential contaminant linkages 

Table H.2 lists the plausible contaminant linkages which have been identified.  These are considered as 
potentially unacceptable risks in line with guidelines published in LCRM (2023) and additional risk assessment is 
required.  

Source – Pathway – Receptor Linkages have been assessed in general accordance with guidance in CIRIA Report 
C552 (Rudland et al 2001) but modified to add a ‘no linkage’ category and to remove low/moderate risk (See 
Table H.1). 

It should be noted that whilst the risk assessment process undertaken in this report may identify potential risks to 
site demolition and redevelopment workers, consideration of occupational health and safety issues is beyond the 
scope of this report and need to be considered separately in the Construction Phase Health and Safety Plan. 

Table H.1: Consequence versus probability assessment. 

 Consequence 

P
ro

b
ab

ili
ty

 

 Severe Medium Mild Minor 

High Likelihood Very high risk High risk Moderate risk Low risk 

Likely High risk Moderate risk Low risk Very low risk 

Low Likelihood Moderate risk Low risk Low risk Very low risk 

Unlikely Low risk Very low risk Very low risk Very low risk 

No Linkage No risk 
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Table H.2: Exposure model – final source-pathway-receptor contaminant linkages 

Sources Possible 
Pathways 

Receptors Probability Consequence Risk Level Comments 

Pervasive PAHs 
and asbestos 
loose fibres in 
the Made 
Ground. 

Ingestion, 
inhalation or 
direct contact. 

Human Health. Likely  Medium Moderate Pervasive PAHs and 
asbestos loose fibres 
are present within the 
shallow Made Ground 
(asbestos fibres only 
recorded in one out 
of the 8 samples 
tested). Mitigation 
required in the form 
of a simple cover 
system with a high 
visibility marker layer 
at the base. 

Elevated 
Naphthalene 
concentrations 
within the  
Made Ground. 

Direct Contact  Water Pipes Likely  Medium Moderate The Made Ground 
contains 
concentrations of 
Naphthalene which 
exceed the PE 
threshold if water 
pipes are proposed in 
the Made Ground and 
not the Glacial Till 
they will have to be 
barrier pipes subject 
to liaison with Untied 
Utilities. If installed in 
the Glacial Till 
standard PE pipes will 
be suitable.  

Locally 
elevated zinc 
within the 
Glacial Till. 

Root uptake by 
plant  

Plant Uptake   Unlikely Mild Low Completed chemical 
analysis on subsoil 
(Glacial Till) to 
confirm it is chemical 
suitable for reuse 
within cover system 
and will not pose a 
risk to plant life. The 
elevated zinc found is 
likely to be a local 
hotspot.  

Methane and 
carbon dioxide 
via migration 
through the 
weathered 
Chester 
Formation 

Migration, build 
up and explosion. 

Human Health -
Site Users  

Likely  Severe Moderate Should a piled 
solution be adopted 
there is a requirement 
to install 
Characteristic 
Situation 2 Ground 
Gas Protection 
Measures.  

Human Health - 
Neighbours 

Low 
Likelihood 

Medium  Low 

Buildings on site  Likely  Severe Moderate 
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Appendix I  Climate Change Considerations 
for CSM 
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Table I.1 summarises the considerations that have been made in relation the possible implications of predicted 
climate change.  These considerations have been made with reference to prevailing guidance on climate change 
and land contamination (SoBRA (2022), CL:AIRE (2022), Environment Agency (2010)), and climate change 
information published by the Met Office and the Environment Agency.  

Table I.1: Possible CSM considerations related to climate change. 

Climate change 
type 

Potential climate 
change induced effect 

Possible considerations on CSM 

Increase in 
frequency and 
severity of extreme 
rainfall events 

Temporary increasing in 
groundwater levels 

Given the development proposal will include predominately 
hardstanding, extreme rainfall is unlikely to have a considerable impact 
on the shallow perched groundwater which is likely 
local/discontinuous. The petroleum hydrocarbons present within the 
Made Ground locally are considered to be of low aqueous solubility. 
Therefore, groundwater increase is unlikely to impact their mobility. The 
hardstanding will reduce/limit infiltration limiting the mobilisation of 
leachable PAHs from the Made Ground.  

Increased surface run-off Site is covered in concrete hardstanding with associated surface water 
drainage.  Surface water run-off will impact drainage network (in terms 
of volume of water) but is not expected to impact underlying ground 
conditions.   

Land-based erosion The site is not in close proximity to a surface water course.   

River flooding The site lies within a Flood Zone 1 and considering its distance to the 
nearest water course the sites flood risk classification is unlikely to alter 
during the lifetime of the building.  

Increase in 
frequency and 
severity of extreme 
cold and hot 
weather events 

Soil freezing Could cause failure of surface water drainage network (requiring repair) 
due to freeze/thaw action but not evident that this would cause a 
significant change to identified contaminant linkages.  

Soil 
desiccation/shrinkage 

The presence of hardstanding across the majority of the site will offer 
protection to the shallow Glacial Till from the impacts of drier air 
temperatures. 

Land fires Not relevant to current nature and location of site. 

Temporary drop in water 
(GW and/or SW) levels 
due to increased water 
abstraction demand 

Underlying shallow aquifer does not have any licenced abstractions 
registered within 1km of the site.  Impact of a drop in water levels in the 
Chester Formation is not expected to adversely affect identified 
contaminant linkages. 

Temporary drop in water 
levels (GW and/or SW) 
due to lower rainfall. 

The petroleum hydrocarbons present within the Made Ground are 
heavy end with minimal potential for volatilization. 

Long-term sea 
level rise 

Coastal erosion The site is not in close proximity to the coast.  

Saline intrusion and 
marine inundation 

The site is not in close proximity to the coast and unlikely to be 
impacted by saline intrusions,  

Long-term increase 
in rainfall  

Increase in groundwater 
levels 

The site is located within a river catchment that eFLAG predicts will see 
an increase of 1.63mm per day in groundwater recharge in winter 
months.  No predicted changes in water levels are expected within the 
Chester Formation and the hardstanding will protect the perched 
groundwater from significant rises.  

Long-term 
decrease in rainfall 

Decrease in groundwater 
levels 

Underlying shallow aquifer does not have any licenced abstractions 
registered within 1km of the site.  Impact of a drop in water levels in the 
Chester Formation is not expected to adversely affect identified 
contaminant linkages. 

 

Climate change 
type 

Potential climate 
change induced effect 

Possible considerations on CSM 

Long-term change 
in seasonal 
temperatures 

Change in soil 
temperature 

Worst-case (RCP8.5) prediction for average summer temperatures in 
2060-2080 in this area is 3-4 degrees Celsius.  Soil temperature at 
depth below the site (considering the surface cover of buildings and 
concrete hardstanding) is not expected to rise by this amount and may 
see a much smaller rise in average temperature as a result of seasonal 
variation in temperature.  A small increase in average soil temperature is 
not expected to have a significant effect on contaminant fate and 
transport. 
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Appendix J  Preliminary UXO Risk Assessment 
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Assessment Objective 

This preliminary unexploded ordnance (UXO) risk assessment is a qualitative screening exercise to assess the likely 
potential of encountering UXO at the The Limes, Owen Park site. The assessment involves the consideration of the 
basic factors that affect the potential for UXO to be present at a site as outlined in Stage One of the UXO risk 
management process. 

 

 

Background 

This assessment uses the sources of information available in-house to 1st Line Defence Ltd to enable the placement 
of a development site in context with events that may have led to the presence of German air-delivered or Allied 
military UXO. The report will identify any immediate necessity for risk mitigation or additional research in the form of 
a Detailed UXO Risk Assessment. It makes use of 1st Line Defence’s extensive historical archives, library and unique 
geo-databases, as well as internet resources, and is researched and compiled by UXO specialists and graduate 
researchers.  

The assessment directly follows CIRIA C681 guidelines “Unexploded Ordnance, a Guide for the Construction Industry”. 
The document will therefore assess the following factors: 

• Basic Site Data 

• Previous Military Use 

• Indicators of potential aerial delivered UXO threat 

• Consideration of any Mitigating Factors  

• Extent of Proposed Intrusive Works 

• Any requirement for Further Work 

It should be noted that the vast majority of construction sites in the UK will have a low or negligible risk of encountering 
UXO and should be able to be screened out at this preliminary stage. The report is meant as a common sense ‘first 
step’ in the UXO risk management process. The content of the report and conclusions drawn are based on basic, 
preliminary research using the information available to 1st Line Defence at the time this report was produced. It should 
be noted that the only way to entirely negate risk from UXO to a project would be to support the works proposed 
with appropriate UXO risk mitigation measures. It is rarely possible to state that there is absolutely ‘no’ risk from UXO 
to a project. 
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Risk Assessment Considerations 

Site location and 
description/current use 

 

The site is located in Manchester, within the county of Greater Manchester. It is 
bordered to the north by residential properties and open ground, to the east by 
further residential properties, to the south by Richmond Park and to the west by 
Whitworth Lane. 

The site is currently occupied by hardstanding ground, in the form of a carpark. 

The site is approximately centred on the OS grid reference: SJ 85894 94335.  

 

Are there any indicators of 
current/historical military activity 
on/close to the site? 

 

No information could be found in-house to indicate that the site location has any 
former or current association with any military features. No features such as WWII 
defensive positions, encampments or firing ranges are recorded to have been 
located at the site. In addition, no information of ordnance being stored, 
produced, or disposed of within the proposed site boundary could be found.  

The closest Heavy Anti-Aircraft (HAA) battery was positioned approximately 
280m south-east of the site in the vicinity of the Armitage Sports Centre. The exact 
location of this is unknown at this preliminary stage, but it is not thought likely to 
have directly affected the site.  

 

What was the pre- and post-
WWII history of the site? 

 

The site was partially occupied by the Fallowfield Stadium, which was in use from 
1892 to 1994. 1 

Pre-war OS mapping dated 1934 shows the site to be occupied by a Tennis 
Ground in the northern section of the site, Stands and part of an Athletic Ground 
in the south of the site and the remainder of the site was occupied by open ground 
associated with the aforementioned. The site was bordered to the north by open 
ground, to the east by open ground and a building, to the south by an Athletic 
Ground and to the west by a roadway. 

Post-war OS mapping dated 1956 – 1964 shows the site composition to have 
changed slightly, with the Tennis Ground having been removed from the site’s 
northern section. The site’s direct surroundings have remained unchanged from 
pre-war mapping. 

 

Was the area subject to 
bombing during WWII? 

 

During WWII the site was situated within the County Borough of Manchester, 
which sustained an overall low density of bombing, with an average of 27.1 items 
recorded per 1,000 acres according to official Home Office bombing statistics. 
This amounted to 712 high explosive (HE) bombs, 18 parachute mines, seven oil 
bombs and one V-1 flying bomb; totalling 738 incidents over an area of 27,255 
acres. 

Local bomb plot and damage mapping does not record any bomb strikes or 
damage on or directly bordering the site area. The closest bomb strike recorded is 
a land mine recorded approximately 150m north of the site, on the northern side 
of Old Hall Lane. 

 

Is there any evidence of bomb 
damage on/close to the site? 

 

It has not been possible at this preliminary stage to determine the extent of 
damage, if any, may have occurred on site. The closest area of damage noted on 
damage mapping is the destruction of four houses on the southern side of Old 
Hall Lane, at least 100m north of the site, which appears to be associated with the 
previously mentioned land mine.  

 

                                                                            
1 https://rusholmearchive.org/fallowfield-stadium-1892-1994 



Preliminary Unexploded Ordnance Risk Assessment 
The Limes, Owen Park 

Hydrock Consultants Limited 
 
 

Report Reference: PA19649-00 3 © 1st Line Defence® 

To what degree would the site 
have been subject to access? 

 

Given that the site was occupied by a tennis grounds and athletics stadium during 
the war the site is considered to have experienced regular access and monitor 
throughout the war. Higher levels of access increases the likelihood that evidence 
of UXO would have been noticed and reported. 

  

To what degree has the site 
been developed post-WWII? 

 

The site has undergone significant post-war redevelopment since 1964, with the 
stadium and stands on site being removed and the entire site concreted over for 
use as a carpark at some point between 1964 and 2000. 

 

What is the nature and extent 
of the intrusive works proposed? 

 

The extent of proposed works was not known at the time of writing this report. 

 

Summary and Conclusions 

During WWII the site was situated within the County Borough of Manchester, which sustained an overall low density 
of bombing, with an average of 27.1 items recorded per 1,000 acres according to official Home Office bombing 
statistics.  

Local bomb plot and damage mapping does not record any bomb strikes or damage on or directly bordering the site 
area. Given the low density of bombing across the district, with no positive evidence found to suggest any 
bombing/damage occurred within the site, the risk of encountering UXO is not considered significantly elevated above 
the ‘background’ level of risk for the region. 

 

Recommendations 

Given the findings of this preliminary report, the risk from UXO on site is not considered to be significantly elevated 
above the ‘background level’ for the region. It is therefore recommended that no further research be taken at this 
site. Whilst it would be possible to conduct a Detailed UXO Risk Assessment to analyse further archival resources, it is 
not thought likely that the acquisition of such records would significantly alter the findings of this report. 

If the client has any anecdotal or empirical evidence of UXO risk on site, please contact 1st Line Defence. 

 

 
It should be noted that although the risk from unexploded ordnance on this site has been assessed as low/minimal, this does not mean 
there is ‘no’ risk of encountering UXO. This preliminary report has been undertaken with due diligence, and all reasonable care has 
been taken to access and analyse relevant historical information. By necessity, when dealing with historical evidence, and when making 
assessments of UXO risk, various assumptions have to be made which we have discussed and justified within this report. Our reports 
take a common-sense and practical approach to the assessment of UXO risk, and we strive to be reasonable and pragmatic in our 
conclusions. As referenced, it would be possible to undertake further research into this site, but based on the evidence to hand, this is 
not deemed strictly necessary, and no reasonably justifiable requirement for proactive on-site mitigation has been identified.  
 
It should however be stressed that if any suspect items are encountered during the proposed works, 1st Line Defence should be 
contacted for advice/assistance, and to re-assess the risk as necessary. Furthermore, we would recommend that ground personnel are 
always made aware of the potential for encountering UXO, what to look out for and what to do in the unlikely event that a suspect 
item is encountered, and that a UXO Risk Management Plan is put together for the proposed works. We would be happy to provide 
a template and guidance for this – contact us on 01992 245020. Should the scope of works change or additional works be proposed, 
1st Line Defence should be contacted to re-evaluate the risk. 
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This report has been prepared by 1st Line Defence Limited with all reasonable care and skill. The report contains historical data and information from 
third party sources. 1st Line Defence Limited has sought to verify the accuracy and comprehensiveness of this information where possible but cannot 
be held accountable for any inherent errors. Furthermore, whilst every reasonable effort has been made to locate and access all relevant historical 
information, 1st Line Defence cannot be held responsible for any changes to risk level or mitigation recommendations resulting from documentation or 
other information which may come to light at a later date. 
 
This report was written by, is owned by and is copyrighted to 1st Line Defence Limited. It contains important 1st Line Defence information which is 
disclosed only for the purposes of the client’s evaluation and assessment of the project to which the report is about. The contents of this report shall 
not, in whole or in part be used for any other purpose apart from the assessment and evaluation of the project; be relied upon in any way by the person 
other than the client, be disclosed to any affiliate of the client’s company who is not required to know such information, nor to any third party person, 
organisation or government, be copied or stored in any retrieval system, be reproduced or transmitted in any form by photocopying or any optical, 
electronic, mechanical or other means, without prior written consent of the Managing Director, 1st Line Defence Limited, Unit 3, Maple Park, Essex 
Road, Hoddesdon EN11 0EX. Accordingly, no responsibility or liability is accepted by 1st Line Defence towards any other person in respect of the use 
of this report or reliance on the information contained within it, except as may be designated by law for any matter outside the scope of this report. 

  



Preliminary Unexploded Ordnance Risk Assessment 
The Limes, Owen Park 

Hydrock Consultants Limited 
 
 

Report Reference: PA19649-00 5 © 1st Line Defence® 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1st Line Defence 
  
Unit 3, Maple Park 
Essex Road, Hoddesdon 
Hertfordshire EN11 0EX 
  
Call +44 (0) 1992 245 020 
Email info@1stlinedefence.co.uk 
Web www.1stlinedefence.co.uk 
  
  
  
Front cover image credit: London County Council Bomb Damage Mapping (London Metropolitan Archives) 


	Insert from: "LIMES-HYD-XX-XX-RP-G-2001-S2-P03_Apps.pdf"
	Insert from: "LIMES-HYD-XX-XX-D-G-00005.pdf"
	Sheets and Views
	LIMES-HYD-XX-XX-D-G-00005-A3-L


	Insert from: "LIMES-HYD-XX-XX-D-G-00004.pdf"
	Sheets and Views
	LIMES-HYD-XX-XX-D-G-00004-A3-L


	Insert from: "LIMES-BUT-MS-00-DR-A-04101-Proposed Site Plan (Complete).pdf"
	Sheets
	04101 - Proposed Site Plan (Complete)


	Insert from: "LIMES-HYD-XX-XX-D-G-00003.pdf"
	Sheets and Views
	LIMES-HYD-XX-XX-D-G-00003-A3-L




