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The information and/or advice contained in this Phase 1: Desk Top Study Report and Coal Mining Risk Assessment is based 
solely on, and is limited to, the boundaries of the site, the immediate area around the site, and the historical use(s) unless 
otherwise stated.  This ‘Report’ has been prepared to collate information relating to the physical, environmental and industrial 
setting of the site, and to highlight, where possible, the likely problems that might be encountered when considering the future 
development of this site for the proposed end use. All comments, opinions, diagrams, cross sections and/or sketches 
contained within the report, and/or any configuration of the findings is conjectural and given for guidance only and 
confirmation of the anticipated ground conditions should be considered before development proceeds.  Agreement for the 
use or copying of this report by any Third Party must be obtained in writing from Arc Environmental Limited (ARC).  If a 
change in the proposed land use is envisaged, then a reassessment of the site should be carried out. 
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1.0 Introduction                                                                                           December 2019 
 
Arc Environmental Limited (ARC) were instructed by GHD on behalf of Fairbriar Hatbox Limited / 
Scarborough Development Group to undertake a Phase 1: Desk Top Study and Coal Mining Risk Assessment 
Report for land located east of Munday Street in Manchester where proposals have been made for a multi-
storey building with residential end use. 
 
The primary objectives of this report are to assess the geological, geotechnical and potential ground 
contamination conditions on and beneath the surface of this site. A Preliminary Conceptual Site Model (CSM) 
has been developed to define the scope and extent of any further investigation works deemed necessary, prior 
to commencing with any future redevelopment works. A site walkover (reconnaissance) survey was completed 
as part of this report with site photographs included within Appendix I, and all relevant observations noted in 
Section 2.1 below. 
 
2.0 Physical Setting 
 
2.1 Site Details / Reconnaissance (Walkover) Survey:- 
 
Table 2.1 

Site Name & Address:  Bowlers Yard, Munday Street, Manchester, M4 7BB. 
National Grid Reference:  385610, 398330 (representative of the central part of the site).  
Description of Location:  The site is located to the east of Munday Street approximately 1.55km east of Manchester 

City Centre.  
Site Boundaries:  N = The East Manchester Metrolink, W = Munday Street, S =Pollard Street and E =

Parking space / hardstanding surface. 
Site Shape & 

Development Details:  
The site is generally triangular in shape, occupying a total area of c.0.09 Hectares (Ha). The

proposed plan shows the construction of a multi-storey apartment block. 
General Topography:  The site is relatively level.  

Site surfacing: The site surface is mixed tarmac and limestone gravel with occasional grass cover. 
Above Ground Structures: In accordance with the reconnaissance (walkover) survey the site is currently unoccupied. 
Sub-surface Structures & 

Services: 
QS Zero Dig Underground Utility Survey was obtained, a copy of which is attached in 

Appendix II, shows an assumed water pipe on the south-western portion of the site and an 
unknown metallic utility on the north-central portion of the site. In addition to this, some 

anomalies were detected across the site which could be indicative of possible utilities. 
Therefore, services are anticipated below the site.�

Additional Comments:  From the reconnaissance (walkover) survey, the site is currently fenced off and the access 
can be obtained off Munday Street via a locked gate. Some demolition rubble (i.e. bricks, 

wood, broken glass, etc.) was noted on site as well as an area of tarmac surfacing along the 
northern site boundary. 

Summary of Site History: The historical Ordnance Survey (OS) maps show the site has undergone several 
development phases. From as early as c.1848 the majority of the site is recorded to be 

occupied by terraced houses and some further residential development was recorded dated 
c.1891. These buildings were demolished by c.1908 and subsequently followed by new 
development phase including terraced houses with car parking / open space area in the 
central portion of the site. These buildings were demolished by c.1978 and the site was 

recorded as unoccupied land. The site has been recorded unchanged until 2019 (present day). 
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3.0 Environmental Setting 
 
The geological and mining assessment for this site has been based on geological plans published by the British 
Geological Survey (BGS) and previous on site investigation works by Arc Environmental. The following 
documents have been reviewed as part of this study:  
 

�� BGS Sheet 85, Manchester, Solid & Drift Editions, 1:50,000 & 1:63 360 scale, 2010 & 1970. 
�� BGS Digital Mapping (Geoindex Onshore).  
�� ArcGIS Mapping. 
�� BGS Geology of Britain Viewer. 
�� Coal Authority Online Interactive Map Viewer. 
�� Phase 2: Ground Investigation Report by ARC Environmental, ref.: 13-898, Proposed Development, 

Milliners Wharf, Munday Street, Manchester M4 7BB, March 2014 
 
3.1 Site Geology:- 
 
3.1.1 Made Ground:- 
 
In accordance with published British Geological Survey (BGS) maps the site does not contain any made 
ground deposits. 
 
However, Ordnance Survey (OS) historical plans show several phases of development on the site associated 
with former terraced houses on site before c.1848 subsequently demolished, followed by new development 
phase including new residential properties / terraced houses which were also subsequently demolished. 
Therefore, made ground deposits are anticipated across the site. 
 
In addition to the above, the previous intrusive site investigation recorded made ground to depth of at least 
c.2.40m below ground level (bgl). 
�
Considering the information above, significant thicknesses of made ground deposits are anticipated across the 
site. 
�
3.1.2 Superficial Deposits:- 
 
Based on published BGS maps, the site is shown to be underlain by significant thicknesses of Glacial Till 
deposits.  
 
The previous site investigations encountered sandy gravelly clay to a depth of at least c.3.90m. Furthermore, 
RBH1 located c.40m north to the site recorded Glacial Till deposits comprising firm sandy gravelly clay 
underlain by sand and gravel to a depth of at least c.20m bgl. 
 
3.1.3 Solid Geology:- 
 

According to published BGS maps the site is underlain by the Collyhurst Sandstone Formation of Permian 
age. These deposits comprise mainly sandstone. 
 
RBH1 recorded sandstone with some mudstone bands from a depth of c.20m bgl. 
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3.0 Environmental Setting (Cont’d) 
 
3.2 Coal Mining Risk Assessment & Mineral Extraction:- 
 
3.2.1 Coal Mining Risk Assessment:- 
 
In accordance with published BGS maps the site is underlain by the Collyhurst Sandstone Formation of 
Permian age. 
 
The Coal Authority Interactive Map viewer records the site to lie within a Coal Mining Reporting Area and 
out-with defined Development High Risk Area or Surface Mining (Past and Current) area. There are no mine 
entries recorded within c.100m of the site boundary. 
 
According to The Coal Authority Coal Mining Report the shallowest recorded worked coal seam below the 
site is named the Bradford Four Feet which lies at a depth of c.374m bgl with an extraction thickness of 
c.0.12m which is deemed not to pose a risk of future surface instability associated with the past coal mining 
activities. 
 
Published BGS maps show the Openshaw (OP) Coal to subcrop c.1km north-east to the site dipping south-
west below the site. From the generalised vertical section this coal seam is anticipated to be impersistent and 
lie at significant depth below the site deemed not to pose a risk of future surface instability. 
 
In addition to the above, the previous intrusive site investigation did not record any coal seam to a maximum 
depth of c.25m bgl in RBH1 located c.40m north to the site. 
 
When considering the information above, the site is deemed not to be at risk of future surface instability issues 
arising from the past shallow coal mining activities and as a result, no further assessment or intrusive 
investigation works are required with regards to historical coal mining activities. 
 
3.2.2 Surface Mineral Extraction:- 
 
In accordance with OS maps dating from as early as c.1848 there have not been any open or infilled extraction 
features (clay pits, sandstone quarries or the like) on site or within an influencing distance from the site 
boundaries). 
 
3.3 Site Hydrogeology:- 
 
Table 3.1   

STRATA Aquifer / Soil Leachability 
EA Classification 

Comments 

Groundwater 
Vulnerability:  

Soils of high leaching 
potential (U). 

Soil information for restored mineral workings and urban areas is 
based on fewer observations than elsewhere. A worst case 

vulnerability classification (H) assumed, until proved otherwise.  
Drift Geology: Secondary Undifferentiated. This has been assigned in cases where it has not been possible to 

attribute either category A or B to a rock type.  In most cases, this 
means that the layer in question has previously been designated as 

both minor and non-aquifer in different locations due to the variable 
characteristics of the rock type. 

Solid Geology: Principal Aquifer. These are layers of rock or drift deposits that have high intergranular 
and/or fracture permeability - meaning they usually provide a high 
level of water storage. They may support water supply and/or river 
base flow on a strategic scale.  In most cases, principal aquifers are 

aquifers previously designated as major aquifer. 
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3.0 Environmental Setting (Cont’d) 
 
3.3 Site Hydrogeology (Cont’d):- 
 

�� The site is not recorded as being within a Source Protection Zone (SPZ), and there are no SPZ’s 
within c.1km of the site boundary. 

�� There are no Water Abstractions recorded on site or within c.500m of the site boundary.  
�

3.4 Site Hydrology:- 
 
Table 3.2 

SURFACE WATER 
FEATURE 

Location Comments 

 GQA Classified River One recorded within 
c.250m. 

Ashton Canal located c.40m north-west with designated GQA 
River Quality Grade C. 

Unclassified 
Watercourse(s), Canals, 
Ponds, Lakes & Other 

Bodies of Water. 

None recorded within 
c.250m. 

~ 

SURFACE WATER 
FEATURE 

Location Comments 

Flooding from 
 

Rivers or Sea 

None recorded on the 
site. The site lies within a 
Zone I Flood area (very 

low risk). 

Although the site does not fall within the designated Flood 
Zone II & III, it is recommended that further consultation 
with the LA and EA should be made with respect to the 

potential for flood events in this area and to establish local 
knowledge of periodic flooding, standing water or poor 

drainage problems. 

Surface Water Flooding – 
Pluvial 

 (Envirocheck & 
Reconnaissance survey)�

 

~ The Envirocheck report records the whole of the site to lie 
out-with any areas at risk from surface water flooding. 
Appropriate surface water management will need to be 

adopted to deal with the future management of positively 
drained surface water. 

 
At the time of the reconnaissance survey (walkover), there was 

no evidence of surface flooding. 
Groundwater Flooding at 

Surface (BGS): 
~ The site is shown to lie out-with areas where there is potential 

for groundwater flooding to occur. 
RAINFALL  Measurements (mm) Comments 

Annual 867.1 Based on ‘station average’ records from Woodford, dated 
from 1981-2010. Precipitation, Min (Feb) 51.5 

Precipitation, Max (Dec)  98.8 
 
3.5 Radon Assessment:- 
 
The site is recorded to lie within a lower probability radon area, with less than 1% of homes are estimated to 
be at or above the action level, in accordance with the BGS, National Geoscience Information Service, and 
their assessment suggests that no radon protective measures are necessary in the construction of new dwellings 
or extensions.  
 
This corresponds with the BRE Digest, BR211 (2015) Radon: Guidance on Protective Measures for New 
Buildings, where the site is situated within a clear grid square (1km), where no radon protective measures are 
recommended.  
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3.0 Environmental Setting (Cont’d) 
 

3.6 Site Ecology:- 
 
At this stage, and from the site reconnaissance (walkover) survey undertaken, it is not felt that the site is 
affected by the presence of invasive weed species (i.e. Japanese Knotweed). However, a detailed Japanese 
Knotweed survey has not been carried out.  
 
A detailed assessment and site awareness during future investigation works and during the construction phase 
for any potential invasive weed species would be considered prudent. 
 
Table 3.3 

FEATURES Location Comments 
Local Nature Reserves None recorded within c.250m. ~ 

Areas of Adopted Green 
Belt 

None recorded within c.250m. ~ 

Special Protection Areas None recorded within c.250m. ~ 
Nitrate Vulnerable Zone None recorded within c.250m. ~ 

Other None recorded within c.250m. ~ 
�

3.7 Estimated Soil Chemistry:- 
�

Data provided by the BGS in relation to estimated soil chemistry for a number of key metals and metalloid 
elements are summarised in Table 3.4 below. Note; the references to the anticipated background 
concentrations of contaminants, sourced from the BGS, should not be relied upon.  They are not site-specific 
and do not represent the condition of the ground at the proposed development site.  
 
Table 3.4 

 

4.0 Industrial Setting 
 
4.1 Site History:- 
 
Copies of old survey plans covering the site area & adjacent land are included in Appendix V and a summary 
of the site history based on these plans is provided in Table 4.1 below and on the following page.  
 
Table 4.1 

Significant features / potential contamination sources highlighted in bold. 

Element Location Estimated Soil Concentrations (mg/kg) 
Arsenic On site 25-35 

Cadmium  On site <1.8 
Chromium (total) On site 60-90  

Lead On site 100-200 
Nickel On site 30-45 

Date  Site Adjacent Areas 
c.1848 – c.1890. The majority of the site is 

shown to be occupied by 
terraced houses. 

An existing Munday Street and Pollard Street are recorded to the west 
and to the south, respectively. North-eastern area between c.50m and 
c.250m is recorded to be occupied by several industrial units including 

Pollard Street Iron Works recorded to the immediate east, Piercy 
Street Sizing Works, Piercy Street Foundry (iron), Wellington Mills 

(cotton), Phoenix Mills (cotton), Rhodes Mill (cotton), Cotton 
Mill, Hope Mills (cotton), Beswick Street Mill and Hope Mills Gas 
Works. Further two cotton mills (Ancoat’s Mill and Ancoat’s Bank 

Mill) were recorded c.200m south west to the site. Soho Chemical 
Works, Soho Iron Works and Lowe Street Mill (cotton) were 

recorded c.80m south-west and west to the site. Manchester Flint 
Glass Works were recorded c.210m north west to the site. 
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4.0 Industrial Setting (Cont’d) 
 
4.1 Site History (Cont’d):- 
 

Table 4.1 (Cont’d) 

Significant features / potential contamination sources highlighted in bold. 

Date  Site Adjacent Areas 
c.1891 – c.1907. Further terraced houses with 

associated infrastructure are 
recorded on the southern portion of 

the site. 

A fire station and further residential dwellings are recorded c.20m 
to the west. A tramway is recorded on the Pollard Street. 

Ancoats Hospital is recorded c.100m north-west. The previously 
recorded Hope Mills (cotton) is now recorded as Ancoats 
Works (engineering), Victoria Mills (cotton) are recorded 

c.80m north. Previoulsy recorded Ancoat’s Mill c.200m west is 
now shown as disused and previously recorded Soho Chemical 
Works c.80m south-west are now recorded as Vulcan Works 

(iron). Previously recorded Piercy Street Sizing Works c.100m 
north-west are now recorded as Machine Works. A Wire 

Works were recorded c.250 north-west to the site. A hospital was 
recorded c.125m north-west to the site. A brewery is recorded 

c.50m south-east. 
c.1908 – c.1947. The site has undergone phases of 

demolition and construction and is 
shown to be a part of Granville 

Place. The site is occupied along the 
southern and western boundary by 

terraced houses, the remaining 
portion of the site is part of the 

open space / car parking / back 
gardens. 

The previously recorded Cotton Mill at Ruthers Street c.80m 
north-east is recorded as disused. Previoulsy recorded Cotton 

Mills and Vulcan Works (iron) c.80m south-west is now 
converted to a complex of Vulcan Works (iron) which later in 
this period changed its use to textile machinery Vulcan Works. 
A further Chain and Toy Balloon Works are recorded c.230m 

west and a Glass Works are recorded c.100m south.  

c.1948 – c.1950. The site is shown to remain 
unchanged. 

Land reshaping / landscaping was recorded to the immediate
north of site. A tank is recorded c.30m north-east to the site. A 
Chair Frame Factory is recorded c.20m west to the site. The 

previously recorded Machine Works c.100m north-west are now 
recorded as Mill Street Works (textile engineering). 
Residential area c.100m east to the site undergone some 

demolition and construction phases. Previously recorded works 
c.120m north are now recorded as Oil and Tallow Works. A 

tank is recorded c.20m north-east to the site and the previously 
recorded brewery is no longer recorded. 

c.1951 – c.1977. The site is shown to remain 
unchanged. 

Previously recorded Chain Works c.230m north-west are now 
recorded as Engineering Works, York Mill (cotton waste and 

bags etc.) and Laundry are recorded c.220mnorth-west.  
c.1978 – c.1999. The site has undergone demolition 

phase and is shown as unoccupied 
space.  

The previously recorded York Mill (cotton waste and bags 
etc.), Engineering Works and Laundry c.230m north-west are 

no longer present. Previously recorded Chemical Works and 
Engineering Works c.240m north-west are no longer present. 
Cotton Mills and Chair Frame Factory previously recorded 

c.20m to c.50m west are now no longer present and Glass 
Works previously recorded c.100m south are no longer present 
too. Victoria Mills previously recorded c.30m to c.80m north-

east to north are now converted into Victoria Industrial Estate 
which undergone some building reshaping / demolition towards 

the end of this period. 
c.2000 – c.2006. The site is shown to remain 

unoccupied.  
A large portion of the Victoria Industrial Estate was 

demolished. The warehouses recorded c.200m south-west 
undergone phases of demolition and new development. The 
previously recorded hospital c.125m north-west is no longer 

present. The previously recorded tank c.20m north-east is no 
longer present. 
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4.0 Industrial Setting (Cont’d) 
 

4.1 Site History (Cont’d):- 
 

In accordance with published OS maps the site remains unchanged from c.2006 until c.2019 (present day). 
The East Manchester Metrolink rail is now recorded to the immediate north of the site boundary with 
associated metro station located c.80m west to the site. A new residential area is recorded c.20m north to the 
site comprising two multi-storey buildings and Milliners Wharf residential apartments. 
 
From the reconnaissance (walkover) survey, the site is currently fenced off and the access can be obtained off 
Munday Street via a locked gate. Some demolition rubble (i.e. bricks, wood, broken glass, etc.) was noted on 
site as well as an area of tarmac surfacing along the northern site boundary. 
 

4.2 Landfill & Waste:- 
 
The information relating to Landfill and Waste has been obtained from the Envirocheck report (attached in 
Appendix V);  
 

�� There are no active BGS Recorded Landfill Sites, Historical Landfill Sites, Registered Landfill Sites or 
Local Authority Recorded Landfill Sites located within c.250m of the site boundary. 

�� There are no Licensed Waste Management Facilities recorded within c.250m of the site boundary. 
�� There are three Potentially Infilled Lands (water related) recorded within c.250m of the site boundary 

with the date of mapping c.1923 and c.1956. The infillings are not considered to represent a potential 
ground gas / hazardous gas generation due to the age of infilling. 

�� Made ground deposits were recorded to a depth of c.2.40m comprising firm brown sandy gravelly clay 
with fragments of brick, sandstone and limestone. Made ground also comprised of some ‘ashy’ soils 
and concrete rubble. 

�

Considering the information reviewed and from the previous site investigation carried out by Arc 
Environmental, it is deemed that the site is not at risk of generating hazardous ground gases, therefore no gas 
monitoring wells are required for this site. 
 

4.3 Statutory Requirements / Authorisations 
 

Table 4.2 
TYPE Location Comments 

Local Authority 
Pollution Prevention 

and Controls 

None recorded within 
c.250m.  

~ 

Registered Radioactive 
Substances 

None recorded within 
c.250m. 

~ 

Prosecutions Relating to 
Authorised Processes 

None recorded within 
c.250m. 

~ 

Enforcement and 
Prohibition Notices 

None recorded within 
c.250m. 

~ 

Planning Hazardous 
Substances Consents / 

Enforcements 

None recorded within 
c.250m. 

~ 

COMAH/NIHHS Sites None recorded within 
c.250m. 

~ 

Contemporary Trade 
Entries 

Seventeen recorded within 
c.250m. 

Three entries are recorded as active and the remining fourteen 
as inactive. The closest active entry is recorded c.185m north 

(soft furnishing – manufacturers). None of the recorded 
entries are considered to be attributable to this site.  

Fuel Station Entries None recorded within 
c.250m. 

~ 
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4.0 Industrial Setting (Cont’d) 
�
4.4 Pollution Incidents and Discharge Consents 
�
Table 4.3 

TYPE Location Comments 
  Discharge Consents One recorded within 

c.250m. 
Discharge of Other Matter-Surface Water with receiving water 
Manchester & Ashton Canal. Authorisation for the discharge 

was revoked 01/07/1991.  
Water Industry Act 

Referrals 
None recorded within 

c.250m. 
~ 

Prosecutions Relating to 
Controlled Waters 

None recorded within 
c.250m. 

~ 

Pollution Incidents to 
Controlled Waters 

Four recorded within 
c.250m. 

The nearest pollution incident was recorded c.70m north to the 
site and was classified as Category 3 – Minor Incident to 

freshwater stream/river. The catchment area is Ashton Canal 
and the pollutant is unknown. The incident is dated 

24/05/1996. 
Substantiated Pollution 

Incident Register 
None recorded within 

c.250m. 
~ 

 
5.0 Conceptual Site Model (CSM) 
 
The Conceptual Site Model (CSM) is one of the primary planning tools that can be used to support the 
decision-making process of managing contaminated land and groundwater on any given site and allows a 
better understanding of what needs to be done to achieve risk management, and from this appropriate 
remediation techniques, if required for those risk management goals can be chosen.  
 
This can be done by undertaking a source-pathway-receptor analysis of the site. The anticipated sources, pathways and 
receptors for this site are summarised in Table 5.1 below.  
 
Table 5.1 

 Sources (S) 

 

 Pathways (P)

 

Receptors (R)
S1 
 

Made ground deposits 
recorded to depth of at least 

c.2.40m associated with 
historical activity on site.  

P1 Ingestion & Dermal Contact. R1 Human health  
(Future end users and 
construction workers). 

P2 Air – inhalation of vapours 
(indoor & outdoors) and 

contact with dust. 
P3 Consumption of home-grown 

produce and attached soil. 
R2 Groundwater within the 

Secondary Undifferentiated 
Aquifer within the drift 

deposits, Principal Aquifer 
within solid geology and the 
Ashton Canal c.40m north-

west. 

P4 Migration through existing 
services. 

P5 Direct contact with building 
materials. 

R3 Adjacent sites. 
P6 Surface run off and leachate 

migration. 
R4 Building materials &protection 

of water pipes.* 
R5 Flora and fauna.* 

 

* = Not included in the Human Health & Controlled Waters Risk Assessment 
 
A graphical representation of the CSM has been produced for this site and can be seen attached in Appendix 
VI, which also sets out the critical pollutant linkages of concern for this particular site, with regard to 
contamination as above.  
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5.0 Conceptual Site Model (CSM) (Cont’d) 
 
5.1 Geotechnical Considerations:- 
 
The following potential geotechnical issues and hazards have been identified for this site, and these issues 
should be considered before future development of the site is to take place;   
 

�� Actual thickness, origin, variability and condition of the made ground present below the site. 
�� Geotechnical parameters of drift deposits below the site. 
�� Stability of excavations. 
�� Control of surface drainage. 
�� The presence of buried services. 
�� Possibly buried foundation remains and / or cellar rooms. 

 
To determine the geotechnical considerations above with more certainty, it is recommended that a programme 
of intrusive geotechnical investigation works is undertaken on this site with associated geotechnical testing, to 
aid in assessing the extent of any potential issues prior to commencing with any development in the future. 
Following this work detailed foundation proposals for the proposed development can then be prepared. 
 

 The information reviewed indicates that the site can be considered as being located within a 
LOW to MODERATE geotechnical risk setting. 

 
5.2 Sources of Contamination and Probable Contaminants:- 
�

The historical Ordnance Survey maps, the Landmark Envirocheck Report and other environmental 
information show several development and demolition phases on site since c.1848. The development phases 
include residential properties dated as early as c.1848. Such buildings used to have basements / cellars, remains 
of which could potentially be present within the made ground deposits. In addition to this, if the remains of 
the former buildings are present within the made ground on the site then potential asbestos containing 
materials may be encountered during the future site works which may pose a risk to human health (i.e. 
workers). 
 
However, according to the findings from Phase 2: Ground Investigation Report, ref.:13-898, from the results 
of the contamination screening including generic contaminants (inorganic metalloids), speciated PAH’s, 
TPH’s, BTEX (organic contaminants) and asbestos screening the Level 1 Risk Assessments was carried out 
which concluded that the made ground materials present on this site do not represent a significant risk to the 
end users. 
 
Note, that the above conclusion was made based on the contamination results being assessed against a CLEA 
Risk Assessment Model for Human Health for Commercial end use category. Considering the proposed 
development has been classified as Residential end use, a re-assessment of the obtained results, dated March 
2014, will need to be carried out as part of the Phase 2 Ground Investigation Report using CLEA Risk 
Assessment Model for Human Health for Residential without home-grown produce end use category. 
 
Soils – Human Health; 
 
Considering the information reviewed, it is felt that no further contamination testing is needed in relation to 
human health.  
 

The information reviewed indicates that the site can be considered as being located within a 
NEGLIGIBLE ground contamination risk setting for Human Health.  
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5.0 Conceptual Site Model (CSM) (Cont’d) 
 
5.2 Sources of Contamination and Probable Contaminants (Cont’d):- 
 
Groundwater / Leachate – Controlled Waters; 
 
The following issues have been taken into consideration when assessing the risks towards groundwater / 
controlled waters; 
 

�� The site is not recorded as being within a Source Protection Zone (SPZ), and there are no SPZ’s 
within c.1km of the site boundary. 

�� There are no Water Abstractions recorded on site or within c.500m of the site boundary.  
�� Groundwater beneath the site has been classified as Secondary Undifferentiated Aquifer within drift 

geology and Principal Aquifer within solid geology. 
 

The information reviewed indicates that the site can be considered as being located within a 
LOW ground contamination risk setting for Controlled Waters. 

 
6.0   Recommendations for Ground Investigation Works 
 
The conclusions contained within this report have been based on a review of geological plans, historical plans 
and available environmental data relating to the site and nearby adjacent land and forms the basis of a 
preliminary risk assessment.  The primary benefits of undertaking this report are as follows; 
 

(i)� Identify the geotechnical and / or geo-environmental characteristics of the ground in sufficient detail 
to enable economic design of the proposed development, construction or remedial works. 

(ii)� Minimise the risk of unforeseen ground conditions which might cause increased costs and / or 
programme (construction) delays at a later date. 

 
Therefore, it is recommended that a phased programme of Ground Investigation (intrusive investigation) 
works are completed for this site to provide an assessment of the geotechnical and contamination 
characteristics of the site. These intrusive investigation works should be completed prior to commencing with 
any future development works and should include for the following or a similar scope of investigation works; 
 

�� Completion of series of deep boreholes (to a depth of c.25m depth) to aid foundation design. 
�� Appropriate geotechnical laboratory testing. 
�� Re-assessment of contamination test results based on a residential end-use.  
�� Completion of interpretative Ground Investigation Report.   

 
The samples of soil collected should be forwarded to UKAS and MCERTS accredited laboratory to undertake 
the recommended testing. 
 

END OF REPORT�
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APPENDIX I 

Location Plan 
 

Aerial Photograph 
 

Existing Site Layout Plan 
 

Proposed Development Layout Plan 
 

Site Observations – Site Photographic Record Sheet  
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APPENDIX II 

QS Zero Dig Underground Utility Survey 
Plan  
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Section 1 – Mining activity and geology

Past underground mining

Colliery Seam Mineral Coal
Authority
reference

Depth (m) Direction
to working

Dipping rate
of seam
worked
(degrees)

Dipped
direction
of seam
worked

Extraction
thickness
(cm)

Year last
mined

unnamed BRADFORD
FOUR FEET

Coal 35D3 321 South 12.0 South-West 120 1900

unnamed BRADFORD
FOUR FEET

Coal 35CT 374 Beneath
Property

18.4 South-West 120 1900

unnamed PARKER Coal 35BO 708 North-East 18.0 South-West 80 1935

unnamed PARKER Coal 35BV 732 East 18.4 South-West 80 1935

unnamed ROGER Coal 35B1 983 East 17.5 South-West 180 1958

unnamed CROMBOUK
E

Coal 359E 1063 East 16.5 South-West 120 1932

unnamed CROMBOUK
E

Coal 359K 1064 East 13.3 South-West 120 1947

unnamed ROGER Coal 35B0 1088 East 19.0 South-West 180 1961

unnamed ROGER Coal 35B3 1093 East 15.9 South-West 180 1958

Probable unrecorded shallow workings
None.

Spine roadways at shallow depth
No spine roadway recorded at shallow depth.

Mine entries
None recorded within 100 metres of the enquiry boundary.

Abandoned mine plan catalogue numbers
The following abandoned mine plan catalogue numbers intersect with some, or all, of the enquiry
boundary:

11471 NW643 NW645

NW1167 2655 NW644

Please contact us on 0345 762 6848 to determine the exact abandoned mine plans you require
based on your needs.
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Outcrops
No outcrops recorded.

Geological faults, fissures and breaklines
No faults, fissures or breaklines recorded.

Opencast mines
None recorded within 500 metres of the enquiry boundary.

Coal Authority managed tips
None recorded within 500 metres of the enquiry boundary.
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Section 2 – Investigative or remedial activity

Please refer to the 'Summary of findings' map (on separate sheet) for details of any activity within
the area of the site boundary.

Site investigations
None recorded within 50 metres of the enquiry boundary.

Remediated sites
None recorded within 50 metres of the enquiry boundary.

Coal mining subsidence
The Coal Authority has not received a damage notice or claim for the subject property, or any
property within 50 metres of the enquiry boundary, since 31 October 1994.

There is no current Stop Notice delaying the start of remedial works or repairs to the property.

The Coal Authority is not aware of any request having been made to carry out preventive works
before coal is worked under section 33 of the Coal Mining Subsidence Act 1991.

Mine gas
None recorded within 500 metres of the enquiry boundary.

Mine water treatment schemes
None recorded within 500 metres of the enquiry boundary.
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Section 3 – Licensing and future mining activity

Future underground mining
None recorded.

Coal mining licensing
None recorded within 200 metres of the enquiry boundary.

Court orders
None recorded.

Section 46 notices
No notices have been given, under section 46 of the Coal Mining Subsidence Act 1991, stating that
the land is at risk of subsidence.

The property is in an area where a notice to withdraw support was given in 1955.

The property is not in an area where a notice has been given under section 41 of the Coal Industry
Act 1994, cancelling the entitlement to withdraw support.

Withdrawal of support notices

The property is not in an area where a relevant notice has been published under the Coal Industry
Act 1975/Coal Industry Act 1994.

Payments to owners of former copyhold land
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Section 4 – Further information

The following potential risks have been identified and as part of your risk assessment should be
investigated further.

Development advice
The site is within an area of historical coal mining activity. Should you require advice and/or
support on understanding the mining legacy, its risks to your development or what next steps you
need to take, please contact us.

For further information on specific site or ground investigations in relation to any issues
raised in Section 4, please call us on 0345 762 6848 or email us at
groundstability@coal.gov.uk.
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Section 5 – Data definitions

The datasets used in this report have limitations and assumptions within their results. For more
guidance on the data and the results specific to the enquiry boundary, please call us on 0345 762
6848 or email us at groundstability@coal.gov.uk.

Past underground coal mining
Details of all recorded underground mining relative to the enquiry boundary. Only past
underground workings where the enquiry boundary is within 0.7 times the depth of the workings
(zone of likely physical influence) allowing for seam inclination, will be included.

Probable unrecorded shallow workings
Areas where the Coal Authority believes there to be unrecorded coal workings that exist at or close
to the surface (less than 30 metres deep).

Spine roadways at shallow depth
Connecting roadways either, working to working, or, surface to working, both in-seam and cross
measures that exist at or close to the surface (less than 30 metres deep), either within or within 10
metres of the enquiry boundary.

Mine entries
Details of any shaft or adit either within, or within 100 metres of the enquiry boundary including
approximate location, brief treatment details where known, the mineral worked from the mine
entry and conveyance details where the mine entry has previously been sold by the Authority or its
predecessors British Coal or the National Coal Board.

Abandoned mine plan catalogue numbers
Plan numbers extracted from the abandoned mines catalogue containing details of coal and other
mineral abandonment plans deposited via the Mines Inspectorate in accordance with the Coal
Mines Regulation Act and Metalliferous Mines Regulation Act 1872. A maximum of 9 plan extents
that intersect with the enquiry boundary will be included. This does not infer that the workings
and/or mine entries shown on the abandonment plan will be relevant to the site/property
boundary.

Outcrops
Details of seam outcrops will be included where the enquiry boundary intersects with a conjectured
or actual seam outcrop location (derived by either the British Geological Survey or the Coal
Authority) or intersects with a defined 50 metres buffer on the coal (dip) side of the outcrop. An
indication of whether the Coal Authority believes the seam to be of sufficient thickness and/or
quality to have been worked will also be included.

Geological faults, fissures and breaklines
Geological disturbances or fractures in the bedrock. Surface fault lines (British Geological Survey
derived data) and fissures and breaklines (Coal Authority derived data) intersecting with the
enquiry boundary will be included. In some circumstances faults, fissures or breaklines have been
known to contribute to surface subsidence damage as a consequence of underground coal mining.
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Opencast mines
Opencast coal sites from which coal has been removed in the past by opencast (surface) methods
and where the enquiry boundary is within 500 metres of either the licence area, site boundary,
excavation area (high wall) or coaling area.

Coal Authority managed tips
Locations of disused colliery tip sites owned and managed by the Coal Authority, located within 500
metres of the enquiry boundary.

Site investigations
Details of site investigations within 50 metres of the enquiry boundary where the Coal Authority
has received information relating to coal mining risk investigation and/or remediation by third
parties.

Remediated sites
Sites where the Coal Authority has undertaken remedial works either within or within 50 metres of
the enquiry boundary following report of a hazard relating to coal mining under the Coal
Authority’s Emergency Surface Hazard Call Out procedures.

Coal mining subsidence
Details of alleged coal mining subsidence claims made since 31 October 1994 either within or
within 50 metres of the enquiry boundary. Where the claim relates to the enquiry boundary
confirmation of whether the claim was accepted, rejected or whether liability is still being
determined will be given. Where the claim has been discharged, whether this was by repair,
payment of compensation or a combination of both, the value of the claim, where known, will also
be given.

Details of any current ‘Stop Notice’ deferring remedial works or repairs affecting the property/site,
and if so the date of the notice.

Details of any request made to execute preventative works before coal is worked under section 33
of the Coal Mining Subsidence Act 1991. If yes, whether any person withheld consent or failed to
comply with any request to execute preventative works.

Mine gas
Reports of alleged mine gas emissions received by the Coal Authority, either within or within 500
metres of the enquiry boundary that subsequently required investigation and action by the Coal
Authority to mitigate the effects of the mine gas emission.
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Mine water treatment schemes
Locations where the Coal Authority has constructed or operates assets that remove pollutants
from mine water prior to the treated mine water being discharged into the receiving water body.

These schemes are part of the UK’s strategy to meet the requirements of the Water Framework
Directive. Schemes fall into 2 basic categories: Remedial – mitigating the impact of existing pollution
or Preventative – preventing a future pollution incident.

Mine water treatment schemes generally consist of one or more primary settlement lagoons and
one or more reed beds for secondary treatment. A small number are more specialised process
treatment plants.

Future underground mining
Details of all planned underground mining relative to the enquiry boundary. Only those future
workings where the enquiry boundary is within 0.7 times the depth of the workings (zone of likely
physical influence) allowing for seam inclination will be included.

Coal mining licensing
Details of all licenses issued by the Coal Authority either within or within 200 metres of the enquiry
boundary in relation to the under taking of surface coal mining, underground coal mining or
underground coal gasification.

Court orders
Orders in respect of the working of coal under the Mines (Working Facilities and Support) Acts of
1923 and 1966 or any statutory modification or amendment thereof.

Section 46 notices
Notice of proposals relating to underground coal mining operations that have been given under
section 46 of the Coal Mining Subsidence Act 1991.

Withdrawal of support notices
Published notices of entitlement to withdraw support and the date of the notice. Details of any
revocation notice withdrawing the entitlement to withdraw support given under Section 41 of the
Coal Industry Act 1994.

Payment to owners of former copyhold land
Relevant notices which may affect the property and any subsequent notice of retained interests in
coal and coal mines, acceptance or rejection notices and whether any compensation has been paid
to a claimant.
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been prepared in order to collate information relating to the physical, environmental and industrial setting of the site, and to 
highlight, where possible, the likely problems that might be encountered when considering the future development of this site 
for the proposed end use.  All comments, opinions, diagrams, cross sections and/or sketches contained within the report, 
and/or any configuration of the findings is conjectural and given for guidance only and confirmation of the anticipated 
ground conditions should be considered before development proceeds.  Agreement for the use or copying of this report by 
any Third Party must be obtained in writing from Arc Environmental Limited (ARC).  If a change in the proposed land use is 
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1.0 Introduction                       March 2014 
 
As requested by BSCP Ltd on behalf of Victoria Mills Development Ltd and in conjunction with the Phase 1: 
Desk Top Study Report, completed for this site by Betts Associates Geo Environmental. (ref 12CHE061/DS, 
October 2012), Phase 2: Ground Investigation works have been carried out for a proposed development at 
Milliners Wharf on Munday Street in Manchester. 
 
The recent construction of the East Manchester Metrolink has split the site into two separate sites, with two 8 
/ 9 storey residential apartment blocks proposed on the northern site and a single storey commercial building 
proposed on the southern site. For the purposes of this report the two portions of the site have been called 
Site A and Site B as detailed below (and on the attached plan in Appendix I); 
 

� Site A - Larger northern site where two 8 / 9 storey residential apartment blocks are proposed 
(Buildings A & B) 

� Site B – Smaller southern site where a single storey commercial building is proposed (Building C) 
 
This Phase 2 intrusive investigation has been designed to provide an up to date and robust assessment of the 
ground contamination issues across both sites, for potential risks to Human Health and Controlled Waters, in 
addition to the potential geotechnical issues associated with the proposed development works, as highlighted 
from the results of the desk top study data. 
 
The intrusive investigation works undertaken by Arc Environmental Limited comprised 7 no. windowless 
sampling boreholes (BH’s 1 - 7) incorporating 3 no. combined gas and water monitoring wells, 12 no. 
mechanically excavated trial pits (TP’s 1 – 12), 7 no. cable percussive boreholes (SA1, 2, 2A, 2B, 3, 3A & 4) 
and 3 no. rotary boreholes (RBH’s 1 – 3). All of the investigation locations can be seen on the Trial Pit and 
Borehole Location Plan attached in Appendix II and this plan should be used for orientating purposes only, as 
the positions shown are approximate and the plan is not to a standard scale. 
 
A summary of the investigation positions relevant to each site is given below; 
 

� Site A – WS’s 1 - 3 & 5 - 7, TP’s 4 - 12, SA’s 1 - 4 and RBH’s 1 - 3. 
� Site B – WS 4 & TP’s 1 - 3. 

 
2.0 Site Details 
 
Table 2.1 

 Site Name & Address: Milliners Wharf, Manchester. 
National Grid Reference:  385628, 398375 – representative for the central part of the site.
Description of Location:  The site is located to the east of Manchester City Centre, adjacent to Pollard Street and in 

between Carruthers Street and Munday Street.  
General Site Boundaries:  N = Existing Milliners Wharf comprising residential flats, W = Munday Street, S = 

Pollard Street & E = Caruthers Street. The East Manchester Metrolink splits the site in 
two running roughly east / west.  

Site Setting: The site is in a generally urban setting to the east of Manchester City Centre.
Adjacent Site Uses:  Residential and Commercial. 

Ground Levels & General 
Topography:  

The sites are generally level. 

Site Surface(s): The sites comprise unsurfaced and rough site surfacing with areas of concrete and tarmac 
hardstanding. 

Above Ground Structures: There are currently no above ground structures on either site.
Sub-surface Structures: Buried cellar and basement features are present across both sites. Current and relic 

services are present below the proposed development also. 
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3.0 Scope of Works 
 
The information contained in this report is limited to the boundary of Sites A & B as indicated on the Existing 
Site Layout Plan shown in Appendix I, in addition to those areas accessible during the ground investigation. 
The investigation positions have been located across both Sites A & B and when considering the full scope of 
the development any features and / or issues not specifically mentioned in this report cannot be assumed to 
have been covered.  
 
Table 3.1 

Client: The Scarborough Group.
Project type: It is proposed to construct two residential apartment blocks on Site A and an industrial 

unit on Site B.
Site Location plan: See Appendix I.

Layout plan (existing): See Appendix I.
Layout plan (proposed): See Appendix I.
Intrusive Investigation 

Works: 
7 no. windowless sampling boreholes (BH’s 1 - 7). 

3 no. combined ground gas and water monitoring installations (BH’s 1, 3 & 7). 
12 no. mechanically excavated trial pits (TP’s 1 - 12). 

7 no. cable percussive boreholes (SA 1, 2, 2A, 2B, 3, 3B & 4). 
3 no. rotary boreholes (RBH’s 1 - 3) 

Laboratory Testing: Geotechnical and Ground Contamination. 
CLEA Classification: Site A is being assessed as CLEA standard end use Residential. 

Site A is being assessed as CLEA standard end use Commercial.  
Reporting: Factual & Interpretative.

 
4.0 Ground Conditions 
 
For an accurate description of the ground conditions encountered at each investigation position, reference 
should be made to the borehole and trial pit record sheets attached in Appendix II. It should be noted that 
there is always the possibility of variation in the ground conditions around and between the investigation 
locations.  
 
4.1 Soil Profile:-   
 
4.1.1 Site A:- 
 
A summary of the soil profile on Site A can be seen in Table 4.1 below and continued on the following page. 
 
Table 4.1 – Site A                    BGL = Below ground level. 

Type of Strata Depths Recorded (BGL) Description & General Comments 

MADE GROUND 

(Variable) 
From Ground Level to 
c.0.70m and c.3.70m 

Tarmac, concrete, dolomitic limestone hardcore, sandy gravel, soft 
and firm sandy gravelly clay, clayey silty gravelly sand, loose sandy 

gravel, soft silty clay, firm sandy clay, clayey sandy gravel and clayey 
gravelly sand was encountered across Site A. Gravel was fine to 

coarse with many cobbles comprising brick, limestone, coal, 
concrete, ash, sandstone. Some glass, pottery, plastic, clothes, rag, 
metal and rope also noted. Relic brick walls were encountered in 

several positions across Site A with relic concrete sub floors 
encountered in TP7 at c.3.20m, TP10 at 1.20m, SA2 at 0.70m, 

SA2A at 1.90m and SA3 at 1.90m.  
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4.0 Ground Conditions (Cont’d) 
 
4.1 Soil Profile (Cont’d):-   
 
4.1.1 Site A (Cont’d):- 
 
Table 4.1 – Site A (Cont’d)                   BGL = Below ground level. 

Type of Strata Depths Recorded (BGL) Description & General Comments 

DRIFT GEOLOGY: 

(Glacial Till) 

From c.0.70m and 
c.3.70m to c18.10m and 

c.20.20m 

Soft to and stiff (low to high strength) sandy gravelly CLAY, slightly 
laminated CLAY, silty CLAY was encountered below the made 

ground materials underlain by very dense SAND and GRAVEL and 
gravelly SAND from a depth of between c.13.50m and c.16.00m. 

Gravel is fine to coarse of sandstone and some coal. Cobbles noted. 
Some fine sand and gravel horizons were noted throughout the clay 

deposits. 
SOLID GEOLOGY: 

(Collyhurst Sandstone 
Formation / 

Halesowen Formation) 

From c.18.10m and 
c.20.20m to c.>25.20m 

SANDSTONE with some mudstone bands and MUDSTONE with 
some sandstone bands were encountered below Site A. 

 
As anticipated from historic land uses highlighted in the Phase 1: Desk Top Study Report, made ground was 
encountered up to a depth of c.3.70m across Site A. There were no visual or olfactory evidence of significant 
or ‘gross’ contamination (fuel, oils or asbestos) noted on or below the site during the ground investigation 
works. However, ash was noted within the made ground deposits across Site A.  
 
4.1.2 Site B:- 
 
A summary of the soil profile on Site B can be seen in Table 4.2 below. 
 
Table 4.2 – Site B                    BGL = Below ground level. 

Type of Strata Depths Recorded (BGL) Description & General Comments 

MADE GROUND 

(Variable) 
From Ground Level to 
c.1.30m and c.>2.40m 

Dolomitic limestone hardcore, concrete and soft and firm sandy 
gravelly clay was encountered across Site B. Gravel was fine to 
coarse with cobbles comprising brick, ash, pottery, concrete, 

sandstone and limestone. Some plastic also noted. Relic brick walls 
were encountered in TP1 with a relic concrete sub floor 

encountered in TP1 at c.2.40m. A c.300mm diameter pot lined ‘well’ 
feature was encountered in the side of the base wall of TP1 

extending to c.4.20m and noted as dry. 

DRIFT GEOLOGY: 

(Glacial Till) 
From c.1.30m and 

c.1.70m to c.>3.90m 
Firm and stiff (high strength) sandy gravelly CLAY. Gravel is fine to 

coarse of sandstone mudstone and some coal. Cobbles noted. 

SOLID GEOLOGY: 

(Collyhurst Sandstone 
Formation / 

Halesowen Formation) 

Not encountered during 
these intrusive works 

below Site B 

From deep boreholes undertaken on Site A, sandstone / mudstone 
is anticipated to lie at a depth in excess of c.20.00m below the site. 

 
As anticipated from historic land uses highlighted in the Phase 1: Desk Top Study Report, made ground was 
encountered up to a depth in excess of c.2.40m across Site B. There were no visual or olfactory evidence of 
significant or ‘gross’ contamination (fuel, oils or asbestos) noted on or below the site during the ground 
investigation works. However, ash was noted within the made ground deposits across Site B.  
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4.0 Ground Conditions (Cont’d) 
 
4.2 Groundwater:-  
 
During the investigation works, slight water ingresses were noted across both Sites with standing water 
recorded within TP10 at a depth of c.1.00. This water is likely to be trapped surface water within the made 
ground deposits rather than part of a shallow continuous groundwater table below the site. However, given 
the water ingresses noted below both Sites, groundwater should be taken into account when considering the 
construction process for the proposed development.   
 
As such it would be prudent to allow for the introduction of temporary groundwater control techniques (i.e. 
sump pumping), in order to take care of any ingresses of groundwater, during the construction period, 
especially during the wetter periods of the year.   
 
In order to carry out a programme of ground gas and water monitoring, combined monitoring wells were 
installed at the locations of BH’s 1, 3 & 7, the results of which are discussed further in Section 5.2. 
 
5.0 Insitu Testing & Sampling 
 
5.1 Insitu Standard Penetration Tests:- 
 
Insitu standard penetration tests (SPT’s) were carried out on the made ground, drift and solid deposits 
encountered within the boreholes on Site A, in order to determine their relative strength using a normal split 
spoon sampler or a standard 60° cone penetrometer. The results are shown as blows on the graphic borehole 
record sheets, adjacent to the appropriate sample level and are also summarised in Table 5.1 below. 
 
Table 5.1 

Strata Range of ‘N’ Values Result Details

MADE GROUND: 1 - 8 Very loose and loose deposits.

DRIFT GEOLOGY: 

(Glacial Till) 
8 - 50 Blows Firm and stiff / very dense deposits

SOLID GEOLOGY: 
 (Collyhurst Sandstone 

Formation / Halesowen 
Formation) 

50 Blows Weak deposits 

 
SPT ‘N’ values of between 1 and 8 was recorded within the made ground deposits encountered across Site A, 
indicating very loose and loose deposits whilst SPT ‘N’ values ranging from 8 to 50 were recorded within the 
natural glacial till deposits, indicating firm and stiff / very dense deposits. 50 blows for limited penetration 
were recorded within the initial solid geology comprising sandstone indicating weak deposits. 
 
5.2 Insitu Gas & Water Monitoring:- 
 
Ground gas & water monitoring standpipes were installed within BH’s 1, 3 & 7, primarily to check for the 
possible presence of hazardous ground gases, and to monitor any shallow water levels. A standard 50mm 
diameter HDPE standpipe, with gravel and geo-wrap surround, bentonite seal, gas valve cap and security 
cover, was installed within each borehole, and ground gas and water levels were allowed to reach equilibrium, 
prior to the first monitoring visit.  
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5.0 Insitu Testing & Sampling (Cont’d) 
 
5.2 Insitu Gas & Water Monitoring (Cont’d):- 
 
Monitoring was undertaken using a Gas Data GFM 430 / 435 series soil gas analyser, with integral flow meter, 
and a Geotechnical Instruments electronic dipmeter.   
 
Based on the Phase 1: Desk Top Study Report and findings of the intrusive investigation works, in accordance 
with CIRIA Report C665, November 2007, Report Edition No. 04, March 2007 and BS8485:2007: Code of 
practice for the characterization and remediation from ground gas affected developments, it is felt that an 
adequate risk assessment can be undertaken based on the following limiting factors: 
 

� The development has been considered as moderate sensitivity i.e. Flats type development (Tables 
5.5a & 5.5b – Typical/Idealised frequency and period of monitoring, after Wilson et al, 2005). 

� The risk associated with the generation potential of a source is considered as low (assessment based on 
the results of the Phase 1: Desk Top Study report combined with findings of intrusive works). 

� Monitoring over a minimum of three months with six recorded readings (Tables 5.5a & 5.5b – 
Typical /idealised frequency and period of monitoring after Wilson et al, 2005). 

� Negligible flow rates are recorded during the monitoring period (Table 8.5 – Modified Wilson & 
Card classification).   

 
A summary of the results for the visits undertaken to date, compared with the ‘inert’ background gas levels is 
presented in Table 5.2 below, whilst copies of the monitoring certificate is attached in Appendix III. A further 
4 no. monitoring visits have been scheduled and the results along with the final recommendations will be 
issued as an addendum report. 
 
Table 5.2    

Position Date 
Atmospheric 

Pressure (mbar) 
Water

(m bgl) 
CH4 

(%v/v)
LEL

(%v/v)
CO2 

(%v/v) 
O2 

(%v/v) 
Flow Rate

(l/hr) 
Background  ~ ~ 0 0 0 21.0 <0.1

BH1  998  1.03 0.0 0.0 0.1 20.0 <0.1
BH3 17/02/14 997 Falling 3.50 0.0 0.0 0.1 19.8 <0.1
BH7  997  0.31 0.0 0.0 0.0 19.0 <0.1
BH1  987  1.13 0.0 0.0 0.1 20.0 <0.1
BH3 25/02/14 986 Falling 3.45 0.0 0.0 0.0 20.1 <0.1
BH7  987  0.48 0.0 0.0 0.1 20.2 <0.1

4 no. outstanding visits to be completed – results to follow as Addendum Letter Report.
Elevated levels shown Bold. 
 
As can be seen from the results undertaken, no levels of Methane (CH4) or have been recorded during the 
monitoring period completed to date. However, detectible concentrations of Carbon Dioxide (CO2) have been 
recorded (to date), up to a maximum recorded level of 0.1% v/v, with associated depleted oxygen (O2) 
concentrations (minimum 19.0% v/v). A negligible flow rate of <0.1l/hr has been recorded during the 
monitoring period undertaken to date. The two visits to date were noted at low and falling atmospheric 
pressures. 
 
Based on the results undertaken to date, in accordance with CIRIA Report C665, a preliminary risk assessment 
has been completed for this site, by converting the results in Table 5.2 above to a gas screening value (GSV), 
calculated by multiplying the typical maximum gas concentrations with the recorded maximum positive flow 
rates (after Wilson & Card).   
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5.0 Insitu Testing (Cont’d) 
 
5.2 Insitu Gas & Water Monitoring (Cont’d):- 
 
Using the maximum values recorded, as no increased levels of Methane have been recorded to date, the gas 
screening value (GSV) for Carbon Dioxide only has been calculated, the results of which are shown below: 
 

Carbon Dioxide GSV = 0.001 (0.1%) x 0.1 = 0.0001 l/hr 
 
When considering the gas screening value (GSV) for Carbon Dioxide, the GSV of 0.0001 l/hr falls below the 
lower target concentration of 0.07 l/hr and as such equates to a Characteristic Situation 1 (CS1), in accordance 
with Table 8.5 in CIRIA C665. Consequently, at this stage, based upon the results of this preliminary 
assessment, gas protective measures are unlikely to be required for the proposed developments on both Sites 
A and B. 
 
However, as previously highlighted, a further four monitoring visits have been scheduled for this site and the 
final results along with the final recommendations will be issued as an addendum Letter Report. 
 
From the results of the subsequent monitoring visits, water levels ranging from c.0.31m to c.3.50m have been 
recorded. Given the lack of standing water during the intrusive site works, it is felt that the water levels 
observed are anticipated to be trapped surface water within the monitoring boreholes rather than a continuous 
shallow water surface (water table). However, it would be prudent to allow for the introduction of temporary 
groundwater control measures, i.e. pumping equipment, in order to take care of any water ingresses, 
particularly during the wetter periods of the year. 
 
5.3 In-situ Hand Shear Vane Tests:-   
 
Insitu hand vane tests were carried out using a portable insitu hand vane tester on the natural clay soil deposits 
encountered across both Site A and B. The hand vane tester takes direct readings of shear strength. Three 
vane sizes allow for the direct determination of undrained shear strength of extremely low to high strength 
clays. The peak vane value is determined by a calibrated scale ring built into the head assembly. The cross 
handle is used both to push the vane to the desired test depth and apply the shearing torque.  
 
5.3.1 Site A:- 
 
The results of the insitu hand vane tests undertaken across Site A are summarised in Table 5.4 below and can 
also be found adjacent to the appropriate sample level, on the graphic record sheets.  
 
Table 5.4 

Strata Range of Shear Strength Values Strength 

DRIFT GEOLOGY: 
 (Glacial TIll) 

30kN/m2 to 130kN/m2  
Low to high strength  

(Soft to stiff)   
 

 
As can be seen from the results of the tests carried out in the natural clay deposits across Site A, shear strength 
values of 30kN/m2 to 130 kN/m2 were recorded, indicating low to high strength (soft to stiff) deposits.
 
5.3.2 Site B:- 
 
The results of the insitu hand vane tests undertaken across Site B are summarised in Table 5.5 on the 
following page and can also be found adjacent to the appropriate sample level, on the graphic record sheets.  
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5.0 Insitu Testing (Cont’d) 
 
5.3 In-situ Hand Shear Vane Tests (Cont’d):-   
 
5.3.2 Site B (Cont’d):- 
 
Table 5.5 

Strata Range of Shear Strength Values Strength 

DRIFT GEOLOGY: 
 (Glacial TIll) 

20kN/m2 to 130kN/m2  
Low to high strength  

(Soft to stiff)   
 

 
As can be seen from the results of the tests carried out in the natural clay deposits across Site B, shear strength 
values of 20kN/m2 to 130 kN/m2 were recorded, indicating low to high strength (soft to stiff) deposits.
 
5.4 Determination of Insitu Equivalent CBR Tests:- 
 
Insitu equivalent CBR tests were carried out using a MEXE Cone Penetrometer, in accordance with the 
manufacturer’s instructions, in order to estimate the insitu CBR values of the initial made ground deposits, 
noted within the trial pits. In each case a series of tests were carried out and an average of the results noted can 
been seen on the graphic trial pit record sheets, adjacent to the appropriate sample level.  
 
From the results of the tests completed across Site A, CBR values of 0.8% to 2.1% were recorded with an 
average or typical value across the site of 1.5%. Therefore, where the initial made ground deposits are to be 
used as an undisturbed subgrade, it is felt that a characteristic design CBR value of 1.5% can be taken across 
Site A.  
 
From the results of the tests completed across Site B, CBR values of 0.9% to 1.2% were recorded with an 
average value across the site of 1.0%. Therefore, where the initial made ground deposits are to be used as an 
undisturbed subgrade, it is felt that a characteristic design CBR value of 1.0% can be taken across Site B.  
 
However, it should be noted that the achievable CBR value for the made ground strata across both Site A & 
B, may improve under compaction/proof rolling, prior to emplacement of the stone sub-base, which will also 
help to identify any soft spots that may require re-compaction or digging out and replaced with additional 
compacted sub-base. 
 
6.0 Laboratory Testing 
 
All geotechnical testing is currently being carried out in accordance with BS1377:1990: Parts 1-9 by 
Professional Soils Laboratory Limited (PSL) of Doncaster, South Yorkshire (UKAS accredited). Ground 
contamination was undertaken by Chemtech Environmental of Consett, Co. Durham (UKAS & MCERTS 
accredited). 
 
6.1 Determination of pH & SO4:- 
 
6.1.1 Site A:- 
 
Representative samples (29 no.) of the made ground and natural deposits recovered from across Site A, were 
tested in order to determine their pH value and Soluble Sulphate (SO4) levels. The results are shown in Table 
6.1 on the following page and are also contained in the Chemtech Analytical Reports nos. 50181(2) & 50424, 
copies of which are attached in Appendix IV.  
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6.0 Laboratory Testing (Cont’d) 
 
6.1 Determination of pH & SO4 (Cont’d):- 
 
6.1.1 Site A (Cont’d):- 
 
Table 6.1 

Position Strata Depth (m) pH value SO4 (mg/l) Design SO4 Class ACEC Class
TP4 MG 1.00 8.0 184 DS-1 AC-1
TP5 MG 0.50 7.9 1113 DS-2 AC-2
TP5 MG 1.50 8.2 532 DS-2 AC-2
TP6 MG 0.70 7.9 538 DS-2 AC-2
TP7 MG 0.70 7.7 1070 DS-2 AC-2
TP7 MG 2.00 7.8 2133 DS-2 AC-2
TP8 MG 0.50 7.2 821 DS-2 AC-2
TP9 MG 0.50 7.6 1165 DS-2 AC-2
TP9 MG 1.50 7.6 363 DS-1 AC-1
TP10 MG 0.50 8.1 159 DS-1 AC-1
TP11 MG 0.50 8.1 200 DS-1 AC-1
TP11 MG 2.00 7.9 738 DS-2 AC-2
TP12 MG 0.60 9.9 540 DS-2 AC-2
BH1 NS 3.50 8.0 103 DS-1 AC-1
BH2 NS 4.00 8.5 <10 DS-1 AC-1
BH5 NS 3.50 8.4 30 DS-1 AC-1
BH6 NS 3.00 8.0 122 DS-1 AC-1
BH7 NS 2.50 8.1 68 DS-1 AC-1
SA1 NS 5.50 8.2 63 DS-1 AC-1
SA1 NS 9.50 8.3 30 DS-1 AC-1
SA1 NS 14.50 8.1 45 DS-1 AC-1

SA2B NS 5.00 8.2 62 DS-1 AC-1
SA2B NS 8.50 8.2 56 DS-1 AC-1
SA2B NS 11.00 8.2 51 DS-1 AC-1
SA3A NS 5.00 8.2 19 DS-1 AC-1
SA3A NS 8.50 8.3 19 DS-1 AC-1
SA4 NS 5.00 8.2 50 DS-1 AC-1
SA4 NS 8.00 8.2 27 DS-1 AC-1
SA4 NS 11.50 8.3 25 DS-1 AC-1

ACEC = Aggressive Chemical Environment for Concrete Site Classification. MG=Made Ground, NS=Natural Strata. 
 
From these results it can be seen that the samples tested across Site A range in pH from 7.2 to 9.9 and the 
amount of Soluble Sulphate present falls between <10mg/l to 2133mg/l.  
 
In accordance with BRE Special Digest 1: 2005 (3rd Edition) for brownfield locations, Site A can be given a 
classification of Class DS-2. When considering the nature of the materials tested and assuming mobile 
groundwater, the assessment of the Aggressive Chemical Environment for Concrete (ACEC) for Site A overall 
is AC-2.  
 
6.1.2 Site B:- 
 
Representative samples (5 no.) of the made ground and natural deposits recovered from across Site B, were 
tested in order to determine their pH value and Soluble Sulphate (SO4) levels. The results are shown in Table 
6.2 on the following page and are also contained in the Chemtech Analytical Reports nos. 50181(2) & 50424, 
copies of which are attached in Appendix IV.  
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6.0 Laboratory Testing (Cont’d) 
 
6.1 Determination of pH & SO4 (Cont’d):- 
 
6.1.2 Site B (Cont’d):- 
 
Table 6.1 

Position Strata Depth (m) pH value SO4 (mg/l) Design SO4 Class ACEC Class
TP1 MG 0.50 8.2 28 DS-1 AC-1
TP1 MG 2.00 8.2 22 DS-1 AC-1
TP2 MG 0.50 8.0 51 DS-1 AC-1
TP3 MG 0.50 7.7 75 DS-1 AC-1
BH4 NS 2.50 8.3 78 DS-1 AC-1

 
From these results it can be seen that the samples tested across Site B range in pH from 7.7 to 8.3 and the 
amount of Soluble Sulphate present falls between 22mg/l to 78mg/l.  
 
In accordance with BRE Special Digest 1: 2005 (3rd Edition) for brownfield locations, Site B can be given a 
classification of Class DS-1. When considering the nature of the materials tested and assuming mobile 
groundwater, the assessment of the Aggressive Chemical Environment for Concrete (ACEC) for Site B overall 
is AC-1.  
 
6.2 Determination of Liquid & Plastic Limits:- 
 
Representative samples (16 no.) of the natural clay deposits encountered across both sites were tested in order 
to determine their liquid and plastic limits, so these materials might be classified. The results can be seen in 
Table 6.2 below and are also attached in Appendix IV.  
 
Table 6.2  

Position Depth (m) M/C (%) LL PL PI Class % Passing 425�m Sieve 
BH1 2.50 21 43 21 22 CI 100
BH2 3.50 19 40 20 20 CI 97
BH3 4.00 29 45 22 23 CI 86
BH4 1.50 29 51 25 26 CH 87
BH6 2.00 22 47 23 24 CI 95
BH7 1.00 28 48 25 23 CI 100
BH7 4.00 20 34 17 17 CL 96
SA1 4.50-5.00 20 38 19 19 CI 96

SA2B 3.00-3.50 19 32 17 15 CL 95
SA2B 8.00 26 30 16 14 CL 87
SA2B 12.00-12.50 19 34 17 17 CL 96
SA2A 3.00-3.50 19 36 18 18 CI 86
SA2A 7.00 20 31 16 15 CL 96
SA2A 11.50 17 36 17 19 CI 97
SA4 6.00-6.50 19 34 17 17 CL 88
SA4 11.00 17 32 16 16 CL 95

M/C = Moisture Content,   LL = Liquid Limit,   PL = Plastic Limit,   PI = Plasticity Index, NP= Non Plastic 
 
From the results displayed in Table 6.2 above, it can be seen that the samples are of an inorganic nature, and 
when plotted on the plasticity chart, the results fall within the low, intermediate and high plasticity range and 
from the resulting plasticity indices, are of a low to moderate volume change potential, when taking into 
account the amount passing the 425�m sieve. 
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6.0 Laboratory Testing (Cont’d) 
 
6.2 Determination of Liquid & Plastic Limits (Cont’d):- 
 
Therefore, it can be seen that some of these materials may undergo changes in volume, if large changes in their 
natural moisture content were to occur due to seasonal variations or the like, and if new foundations are to be 
based within these materials, it is recommended that they are taken down to a minimum depth of 0.90m below 
finished ground levels.  
 
An increase in this minimum depth may be required, if made ground is encountered or there is an increase in 
the depth to competent strata, and also if the proposed development is within close proximity to existing or 
envisaged vegetation, then an increase in the minimum foundation depth may also be required, even if trees 
are to be removed, in order to ensure no additional future shrinkage and swelling of these materials occurs.  
Reference should be made to BS5837: 2012, “Trees in Relation to Construction”. 
 
6.3 Undrained Shear Strength (Triaxial):- 
 
In total 13 no. undisturbed samples of the natural clay deposits recovered during the investigation from across 
Site A were dispatched to the laboratory for examination and subsequent testing. The samples were tested at 
varying lateral pressures (reflecting insitu overburden pressure), in order to obtain their undrained shear 
strength (cohesion). The results obtained are shown in Table 6.3 below, along with the value of moisture 
contents (as received) and bulk densities, the angle of shearing resistance has been taken as zero, assuming 
fully saturated conditions. 
 
Table 6.3  

Location Depth(m) M/C (%) Bulk Density (Mg/m3) Cu (kN/m2) 
SA1 3.00-3.45 17 2.16 160
SA1 6.00-6.45 16 2.15 111
SA1 9.00-9.45 15 2.11 151
SA1 12.00-12.45 16 2.19 120
SA1 15.00-15.45 26 2.05 117

SA2B 4.50-4.95 19 2.13 97
SA2B 7.50-7.95 15 2.18 116
SA2B 10.50-10.95 18 2.15 128
SA3A 4.50-4.95 21 2.08 68
SA3A 10.50-10.95 16 2.16 114
SA4 4.50-4.95 28 1.99 71
SA4 7.50-7.95 17 2.15 78
SA4 10.50-10.95 17 2.30 92

 
The undrained shear strength of the clays tested ranges from 68kN/m2 to 160kN/m2 and are classed as 
medium to high strength materials. These laboratory results/descriptions generally correspond with the field 
descriptions of these materials. 
 
6.4 One Dimensional Consolidation Tests:-  
 
Six representative samples of the natural clay deposits encountered across Site A were tested, in order to 
determine their one dimensional consolidation properties, using conventional front loading oedometers, with a 
five loading increment regime applied, to aid in subsequent settlement estimations and for classification. 
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6.0 Laboratory Testing (Cont’d) 
 
6.4 One Dimensional Consolidation Tests (Cont’d):-  
 
The tests were carried out in order to determine the initial and subsequent void ratio (eo), coefficient of 
volume compressibility (mv), and coefficient of consolidation (cv), so that an assessment to the overall 
compressibility of these materials could be carried out. The results obtained can be seen on the one 
dimensional consolidation properties result sheets, attached in Appendix IV. 
 
The results of the tests indicate that the mv value, the void ratio change from effective original overburden 
pressure + 100 kN/m2 additional imposed loading, range from 0.080 – 0.153 m2/MN. These results suggest 
low to medium compressibility for the natural clay deposits encountered. The Cv values recorded ranged 
between 1.36 – 24.712/year. The results indicate low to medium plasticity, and correspond with the plasticity 
indices recorded in section 6.2. 
 
6.5 Contamination Screening:- 
 
Representative samples of the made ground encountered within the excavations from both Sites A & B, were 
passed onto Chemtech Environmental Ltd of Consett, Co. Durham so that generic and targeted soil 
contamination screening could be carried out. The results of all the testing can be found in the Chemtech 
Analytical Report. 50181(2) a copy of which can be found in Appendix IV. 
 
Representative samples were screened using a standard generic contamination suite (based on the current 
CLEA SGV listed analytes with historical additions) which is used to assess typical made ground (disturbed 
natural strata mixed with anthropogenic debris) of an unknown source. In addition, a variety of additional 
targeted ‘organic’ soils and leachate screening was carried out based upon the historic uses of the site.  
 
The total analysis carried out for both Sites is summarised below; 
 
6.5.1  Soils:- 
 

� 17 no. soil samples screened for a generic (metals and non organics) soil suite which includes the 
following determinands; Arsenic, Cadmium, Chromium (III & VI), Copper, Lead, Mercury, Nickel, 
Selenium, Zinc, Cyanide, pH, and Total Organic Carbon (TOC). 

� 17 no. soil samples screened for Speciated Polycyclic Aromatic Hydrocarbons (PAH’s) – based on the 
current USEPA 16 PAH’s + Benzo(j)fluoranthene. 

� 6 no. soil samples screened for Volatile Organic Compounds (VOCs) and Semi-Volatile Organic 
Compounds (SVOC’s). 

� 12 no. soil samples screened for Speciated Total Petroleum Hydrocarbons (TPH’s - full Ali & Aro EC 
split), Benzene, Toluene, Ethylbenzene, m, p & o-Xylene (BTEX), Methyl tert-butyl ether (MTBE) 
and Phenols. 

� 6 no. soil samples screened for Organochlorine & Organophosphate Pesticides (total) 
� 2 no. soil samples screened for Polychlorinated Bi-Phenyls (PCB’s). 
� 17 no. soil samples screened for the presence of asbestos. 
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6.0 Laboratory Testing (Cont’d) 
 
6.5 Contamination Screening:- 
 
6.5.2  Leachate:- 
 

� 5 no. soil samples were screened for a generic (metals and non organics) leachate suite which includes 
the following determinands; Arsenic, Boron, Cadmium, Chromium, Copper, Lead, Mercury, Nickel, 
Selenium, Zinc, Cyanide, Sulphate, Sulphide, pH, and Total Organic Carbon (TOC). 

� 5 no. soil samples were screened for Speciated Polycyclic Aromatic Hydrocarbons (PAH’s) – based on 
the current USEPA 16 PAH’s + Benzo(j)fluoranthene.   

� 2 no. soil samples were screened for Volatile Organic Compounds (VOCs) and Semi-Volatile Organic 
Compounds (SVOC’s). 

� 5 no. soil samples were screened for Speciated Total Petroleum Hydrocarbons (TPH’s - full Ali & Aro 
EC split), Benzene, Toluene, Ethylbenzene, m, p & o-Xylene (BTEX), Methyl tert-butyl ether (MTBE) 
and Phenols. 

� 2 no. soil samples were screened for Organochlorine & Organophosphate Pesticides (total). 
 

The contamination results have been used to carry out a preliminary Level 1 Quantitative Human Health & 
Groundwater Risk Assessment for the ground contamination present across both Sites, and are discussed in 
further detail in Section 7.0. 
 
7.0 Level 1 Ground Contamination Risk Assessment 
 
7.1  Methodology:- 
 
Following completion of the contamination screening undertaken on various samples from across both Sites, a 
Level 1 quantitative ground contamination risk assessment has been undertaken for both Sites A & B, 
generally in accordance with CLR11: Model Procedures for the Management of Land Contamination. A 
detailed description of the Assessment Framework and Methodology used by ARC for these risk assessments 
can be found in Appendix V. 
 
This quantitative ground contamination risk assessment uses the current UK practice for assessing the risks 
from land contamination, which is based on the established source-pathway-receptor pollutant linkage 
methodology and ‘suitable for use’ approach (Part IIA, EPA 1990 - inserted through Section 57 EA 1995).  
 
Based on the Conceptual Site Model (CSM) for Sites A & B (described further in the following Section 7.2), a 
site specific screening strategy for both sites has been developed (see Section 7.3) and the risks from potential 
contaminants have been assessed for Human Health and Controlled Waters. The results of the risk assessment 
can be found in Sections 7.4, 7.5 & 7.6 (Human Health) and 7.7 (Controlled Waters). Comments regarding 
off-site disposal can also be found in Appendix V.    
 
7.2  Conceptual Site Model (CSM):- 
 
Following the results of the intrusive investigation works, a Conceptual Site Model (CSM) has been developed 
for both Sites, and is represented graphically in Appendix V. In addition, Table 7.1 on the following page 
summarises the various contaminant sources, plausible migration pathways and potentially sensitive receptors 
identified for both sites, assuming no remediation, additional protection measures and/or removal of the 
sources of contamination takes place.  
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.2 Conceptual Site Model (CSM) (Cont’d):- 
 
Table 7.1             * = Not included as part of Level 1 Human Health or Controlled Waters risk assessment 

 Sources (S)  Pathways (P)  Receptors (R) 

S1 

Made ground comprising disturbed 
natural strata and demolition fill with 
anthropogenic debris up to a depth of 
c.3.70m across Site A and in excess of 

c.2.40m across Site B. 

P1 Ingestion R1 Human Health (future site 
users) 

P2 Inhalation of indoor / 
outdoor air R2 

Deep groundwater 
(Secondary A) 

S2 
The historic and current adjacent electric 
sub-station adjacent to the north eastern 

margin of the site. 

P3 Dermal contact R3 Building materials *

P4 Migration through existing 
services R4 Adjacent sites 

S3 Historic uses of the sites as a mill. P5 Direct contact with building 
materials R5 Flora and fauna* 

S4 Potential for ground gas generation from 
made ground on the site. P6 Infiltration and surface runoff R6 

Surface water (Canal) present 
c.38m north of the site 

 
7.2.1 Sources:- 
 
Both Sites are covered by a layer of made ground (ground level up to c.3.70m in thickness across Site A and in 
excess of c.2.40m across Site B) which represents a potential source of ground contamination for the Sites. 
The made ground generally comprises disturbed natural strata and demolition fill with anthropogenic debris. 
There was no visual or olfactory evidence of any contamination such as fuels, asbestos or the like. Owing to 
the historical use of the site as a mill, representative and targeted samples of the materials encountered have 
been assessed using appropriate soil screening suites including Pesticides, VOC’s and SVOC’s together with 
PCB’s owing to the presence of current and historic sub stations. 
 
The site is also deemed to be at a low risk from hazardous ground gas production from on site made ground 
although based upon the results of the preliminary gas monitoring assessment, gas protective measures are 
unlikely to be required for the proposed development. 
 
7.2.2 Pathways:- 
 
When considering the proposed end use (Residential – Site A & Commercial – Site B), and without considering 
treatment, removal or protection measures, there are some potential plausible pathways available for direct 
contact, dermal contact, ingestion, inhalation, wind (dust / particulate), volatilization, and vertical and lateral 
transportation below both Sites. 
 
Within the CLEA Risk Assessment Model for Human Health, there are 3 exposure mediums considered for 
on site receptors, comprising ingestion of soil containing contaminants, inhalation of contaminated 
dust/vapours and dermal contact, with up to 10 no. exposure pathways considered, as shown below. 
 

� 1. Ingestion of soil and indoor dust  2. Consumption of homegrown produce and attached soil  3. Dermal contact 
(indoor)  4. Dermal contact (outdoor)  5. Inhalation of dust (indoor)  6. Inhalation of dust (outdoor)  7. Inhalation of 
vapour (indoor)  8. Inhalation of vapour (outdoor)  9. Oral background intake  10. Inhalation background intake.  

 
Where the future site has hard cover and below new structures, the majority of these pathways will not be 
available. When considering the potential pathways for leachate migration, where either hard cover and/or 
future surface water drainage systems are present, the potential effects of surface infiltration or contaminated 
surface water runoff will be greatly reduced.  
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.2 Conceptual Site Model (CSM) (Cont’d):- 
 
7.2.2 Pathways (Cont’d):- 
 
Similarly, when considering the construction work force, exposure pathways through direct contact, ingestion 
and dust inhalation will be available during part of the construction process, and therefore adequate PPE 
should be provided to protect the work force during this period. 
 
7.2.3 Receptors:- 
 
Within the CLEA Risk Assessment Model for Human Health, the potential receptors are assessed initially on 
site end use, followed by a delineation of age category (i.e. child or adult), with default settings for Residential 
and Allotment end uses based on a child aged 0 to 6 years, whilst Commercial end uses are based upon a working 
exposure period of up to 49 years (i.e. 16 to 65). 
 
Key generic assumptions for Residential and Commercial end use are also based upon a typical residential 
property, consisting of a two-storey small terraced house, with private garden, and a typical commercial or 
light industrial property, consisting of a three-storey office building (pre-1970), respectively. No building is 
anticipated for Allotment end uses. 
 
Within the published CLEA Risk Assessment Model for Human Health (Science Reports SC50021/SR2 & 
SC050021/SR3) there are 3 no. generic end use categories presently in use, as follows; 
 

1) Residential,  2)  Allotments,  3)  Commercial 
 
Therefore, for this Level 1 Risk Assessment, the best fit end use category for Site A has been taken as: 
 

1)  Residential 
 
Whilst the best fit end use category for Site B has been taken as: 
 

3)  Commercial 
 
For Controlled Waters and assuming a worst case scenario, the primary receptors for the Level 1 Risk 
Assessment are deep groundwater (Secondary A), although this is generally considered to be a low level of risk. 

 
7.3  Screening Strategy:-  
 
From the results of the intrusive works, the historic uses of the sites as a mill and the historic and current sub 
stations, samples of the made ground encountered across both Sites have been randomly chosen for screening, 
using a generic soil and leachate suite, to reflect the more homogeneous nature of the potential contaminants 
within the general matrix of the made ground / fill encountered.  
 
There was no visual, olfactory or analytical evidence of significant heavy or gross contamination, such as waste 
oils, fuels, etc. or the like found across either Site. However, when considering the presence of ashy materials 
noted in the made ground encountered together with the history of the site, a variety of additional targeted 
‘organic’ soils and leachate screening was also undertaken. There was no evidence of asbestos or asbestos 
containing materials (ACM’s) within the made ground encountered across both Sites. However, it was felt 
prudent to undertake targeted screening for ACM’s due to the historical uses of the site. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.4  Level 1 Human Health Risk Assessment (Soils) Generic Screening:- 
 
The generic soil screening results from across Site A and B have been subjected to statistical analysis utilising 
the contaminated land statistical analysis sheets developed by CL:AIRE, (Contaminated Land: Applications in 
Real Environments) and a copy of the calculation sheet and the statistical methodology can be found in 
Appendix V.  
 
7.4.1 Human Health - Generic Contaminants - Site A:- 
 
The results of the analysis and risk assessment for Site A have been summarised in Table 7.2 below and have 
identified the following;  
 
Table 7.2 – Generic Contaminants – Site A          Bold = Elevated result 

Analyte 
Critical 

Conc. (CC) 
mg/kg 

No. of 
Samples 
Screened 

Max. Conc. 
(CM) recorded 

mg/kg 

Statistical Upper 
Confidence Limit 
(UCL0.95) mg/kg

Has UCL0.95 
exceeded CC 

No. of 
Samples > 

CC 

Is CM an 
outlier 

(statistical 
hot spot) 

Arsenic 32 (1) 13 35 24.1 NO 1 NO
Cadmium 10 (1) 13 1.8 1.1 NO 0 NO

Chromium III 3000 (3) 13 301 184.4 NO 0 YES
Chromium VI 4.3 (3) 13 <1 0.5 NO 0 NO

Copper 2330 (3) 13 626 331.5 NO 0 YES
Lead 276 (2) 13 503 381.7 YES 9 NO

Mercury 170 (1) 13 0.7 0.5 NO 0 NO
Nickel 130 (1) 13 127 74.6 NO 0 YES

Selenium 350 (1) 13 1.5 1.1 NO 0 NO
Zinc 3750 (3) 13 542 384.2 NO 0 NO

Cyanide  34 (2) 13 <2 1.0 NO 0 NO
(1) = CLEA SGV Values (Residential – Version 1.06), (2) = ATRISKSOIL SSV (2011), (3) = LQM CIEH Generic Assessment Criteria Values, 2nd Edition (2009)  
 

� The maximum concentration (CM) value for Arsenic exceeds the chosen Critical Concentration (CC) 
value for Site A. However, this does not represent a statistical outlier nor does the statistical upper 
confidence limit (UCL0.95) value exceed the chosen CC value for this site, and as such it is felt the 
UCL0.95 value can be taken as representative of the sample population as a whole. 

� The CM value for Lead exceeds the chosen CC value for the site.
� None of the remaining CM values for the analytes screened exceed the chosen CC values for this site. 
� The UCL0.95 values for Lead also exceeds the CC value for this site. 
� None of the remaining UCL0.95 values exceed the chosen CC values for the site. 
� The CM value recorded for Chromium III, Copper and Nickel are recorded as statistical outliers. 

However, since neither the CM value nor the calculated UCL0.95 value exceeds the CC value, it is felt that 
these analytes do not represent a significant risk to future end users on Site A. 

� None of the maximum concentrations recorded for the remaining analytes represent statistical ‘hot 
spots’, and therefore the UCL0.95 values calculated can be taken as representative of Zone A as a whole. 

� Therefore, there is a requirement for either removal, treatment, protection measures and/or further 
risk assessment (DQRA), in order to protect the future end users with regard to Lead contamination. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.4  Level 1 Human Health Risk Assessment (Soils) Generic Screening (Cont’d):- 
 
7.4.2 Human Health - Generic Contaminants - Site B:- 
 
The results of the analysis and risk assessment for Site B have been summarised in Table 7.3 below and have 
identified the following;  
 
Table 7.3 – Generic Contaminants – Site B          Bold = Elevated result 

Analyte 
Critical 

Conc. (CC) 
mg/kg 

No. of 
Samples 
Screened 

Max. Conc. 
(CM) recorded 

mg/kg 

Statistical Upper 
Confidence Limit 
(UCL0.95) mg/kg

Has UCL0.95 
exceeded CC 

No. of 
Samples > 

CC 

Is CM an 
outlier 

(statistical 
hot spot) 

Arsenic 640 (1) 4 25 25.5 NO 0 NO
Cadmium 230 (1) 4 <0.2 0.1 NO 0 NO

Chromium III 30400 (4) 4 119 117.3 NO 0 NO
Chromium VI 35 (4) 4 <1 0.5 NO 0 NO

Copper 71700 (4) 4 67 65.6 NO 0 NO
Lead 750 (2) 4 252 229.3 NO 0 NO

Mercury 3600 (1) 4 0.7 0.7 NO 0 NO
Nickel 1800 (1) 4 45 44.6 NO 0 NO

Selenium 13000 (1) 4 1.1 1.1 NO 0 YES
Zinc 665000 (4) 4 89 88.8 NO 0 NO

Cyanide  34 (3) 4 <2 1.0 NO 0 NO
(1) = CLEA SGV Values (Commercial – Version 1.06), (2) = ATRISKSOIL SSV (2011), (3) = LQM CIEH Generic Assessment Criteria Values, 2nd Edition (2009), (4) 
CLEA SGV (Commercial – Version 1.0 Beta) 
 

� None of the CM values nor the UCL0.95 values exceed the CC values for Site B. 
� The CM value recorded for Selenium is recorded as a statistical outlier. However, since neither the CM 

value nor the calculated UCL0.95 value exceeds the CC value, it is felt that this analyte does not represent 
a significant risk to future end users. 

� None of the maximum concentrations recorded for the remaining analytes represent statistical ‘hot 
spots’, and therefore the UCL0.95 values calculated can be taken as representative of Zone B as a whole. 

� Therefore, it can be seen that there is no potential risk to the end users on Site B from the 
contaminants screened and there will be no requirement for removal, treatment, protection measures 
and/or further risk assessment (DQRA), in order to protect the future end users (i.e. no risk to human 
health) from the generic made ground encountered. 

 
7.5  Level 1 Human Health Risk Assessment (Soils) Organic Screening:- 
 
The organic soil screening results from the Sites A and B have been subjected to statistical analysis utilising the 
contaminated land statistical analysis sheets developed by CL:AIRE, and a copy of the calculation sheets and 
the statistical methodology can be found in Appendix V. Due to the nature of the potential contaminants 
present several of the suites of screening results from Sites A and B were not suitable for statistical analysis 
and therefore the maximum concentrations recorded have been assessed against the chosen CC values for the 
site. For Volatile Organic Compounds (VOCs), Semi-Volatile Organic Compounds (SVOC’s) and pesticides, 
only the results above the detection limit have been included. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.5  Level 1 Human Health Risk Assessment (Soils) Organic Screening (Cont’d):- 
 
7.5.1 Human Health – Organic Contaminants – Site A:- 
 
The results of the analysis and risk assessment for Site A have been summarised in Tables 7.3 and 7.4 below 
and on the following page and have identified the following;  
 
Table 7.3 – Organic Contaminants – Site A          Bold = Elevated result 

Analyte 
Critical 

Conc. (CC) 
mg/kg 

No. of 
Samples 
Screened

Max. 
Conc. (CM) 

recorded 
mg/kg 

Statistical 
Upper 

Confidence 
Limit 

(UCL0.95) 
mg/kg

Has UCL0.95

exceeded 
CC 

No. of 
Samples > 

CC 

Is CM an 
outlier 

(statistical 
hot spot) 

Acenaphthene 1000(1) 13 25.3 11.4 NO 0 NO
Acenaphthylene 850(1) 13 0.3 0.2 NO 0 NO

Anthracene 9200 (1) 13 29.1 13.1 NO 0 NO
Benzo(a)anthracene 5.9(1) 13 32.4 15.4 YES 2 NO

Benzo(a)pyrene 1.0(1) 13 26.3 13.2 YES 11 NO
Benzo(b)fluoranthene 7.0(1) 13 33.0 16.7 YES 2 NO

Benzo(ghi)perylene 47(1) 13 19.7 9.9 NO 0 NO
Benzo(k)fluoranthene 10(1) 13 12.9 6.6 YES 1 NO

Chrysene 9.3(1) 13 34.9 16.9 YES 2 NO
Dibenz(ah)anthracene 0.9(1) 13 3.9 2.0 YES 3 NO

Fluoranthene 670(1) 13 90.4 42.5 NO 0 NO
Fluorene 780(1) 13 16.1 7.4 NO 0 NO

Indeno(123cd)pyrene 4.2(1) 13 19.3 9.3 YES 2 NO
Naphthalene 8.7(1) 13 15.6 7.3 YES 1 NO
Phenanthrene 380(1) 13 118.8 54.5 NO 0 NO

Pyrene 1600(1) 13 75.9 36.2 NO 0 NO
TPH Aliphatic (EC5-EC6) 110(1) 8 <0.1 0.1 NO 0 NO
TPH Aliphatic (EC6-EC8) 370(1) 8 <0.1 0.1 NO 0 NO
TPH Aliphatic (EC8-EC10) 110(1) 8 0.3 0.3 NO 0 NO
TPH Aliphatic (EC10-EC12) 540(1) 8 3 2.4 NO 0 NO
TPH Aliphatic (EC12-EC16) 3000(1) 8 20 15.9 NO 0 NO
TPH Aliphatic (EC16-EC35) 76000(1) 8 501 380.3 NO 0 NO
TPH Aliphatic (EC35-EC44) 76000(1) 8 75 45.5 NO 0 NO
TPH Aromatic (EC5-EC7) 280(1) 8 <0.1 0.1 NO 0 YES
TPH Aromatic (EC7-EC8) 611(1) 8 <0.1 0.1 NO 0 YES
TPH Aromatic (EC8-EC10) 151(1) 8 <0.1 0.1 NO 0 YES
TPH Aromatic (EC10-EC12) 346(1) 8 16 11.1 NO 0 YES
TPH Aromatic (EC12-EC16) 593(1) 8 26 17.7 NO 0 YES
TPH Aromatic (EC16-EC21) 770(1) 8 330 225.2 NO 0 YES
TPH Aromatic (EC21-EC35) 1230(1) 8 169 117.3 NO 0 NO
TPH Aromatic (EC35-EC44) 1230(1) 8 20 13.9 NO 0 YES
(1) = LQM CIEH Generic Assessment Criteria Values, 2nd Edition (2009) for Commercial 6% SOM 
 

� The CM values for Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, 
Chrysene, Dibenz(ah)anthracene, Indeno(123cd)pyrene and Naphthalene exceed the chosen CC values 
for Site A.

� The CM values for the remainder of the PAH’s and all of the TPH’s fall below the chosen CC values for 
the site. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.5  Level 1 Human Health Risk Assessment (Soils) Organic Screening (Cont’d):- 
 
7.5.1 Human Health – Organic Contaminants – Site A (Cont’d):- 

 
� The UCL0.95 values for Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Chrysene, 

Dibenz(ah)anthracene and Indeno(123cd)pyrene also exceed the CC values for Site A. 
� The CM values recorded for Benzo(k)fluoranthene, Naphthalene TPH Aromatic (EC5-EC7), TPH 

Aromatic (EC7-EC8), TPH Aromatic (EC8-EC10), TPH Aromatic (EC10-EC12), TPH Aromatic 
(EC12-EC16), TPH Aromatic (EC16-EC21) and TPH Aromatic (EC35-EC44) are recorded as 
statistical outliers. However, since neither the CM values nor the calculated UCL0.95 values exceed the 
CC values, it is felt that these analytes do not represent a significant risk to future end users. 

� The UCL0.95 values for the remainder of the PAH’s and TPH’s do not exceed the chosen CC values for 
this site. 

� None of the maximum concentrations recorded for the remaining analytes represent statistical ‘hot 
spots’, and therefore the UCL0.95 values calculated can be taken as representative of Zone A as a whole. 

 
Table 7.4 – Organic Contaminants – Site A          Bold = Elevated result 

Analyte 
Critical Conc. 
(CC) mg/kg 

No. of Samples 
Screened 

Max. Conc. (CM) 
recorded 

Has CM exceeded
CC 

No. of 
Samples > CC

2-Methylphenol 3100(1) 4 0.3 NO 0
2-Methylnaphthalene 8.7(#) 4 0.3 NO 0

Dibenzofuran 7.8(2) 4 0.4 NO 0
Azobenzene 5.1(2) 4 1.5 NO 0

Benzene 0.33(3) 8 <0.01 NO 0
Toluene 610(3) 8 <0.01 NO 0

Ethylbenzene 350(3) 8 0.01 NO 0
m & p-Xylene 230(3) 8 0.01 NO 0

o-Xylene 250(3) 8 <0.01 NO 0
(1) = ATRISKSOIL SSV (2009).    (2) = USEPA Region 9 (November  2013),    (3) = SGV values (2nd Edition, 2009) for Residential   (#) = LQM CIEH Generic 
Assessment Criteria Value for Naphthalene used      
 

� The CM values for all of the BTEX, VOC, SVOC and pesticides analytes fall below the chosen CC 
values for Site A. 

 
From the above risk assessment, there is a requirement for either removal, treatment, protection measures 
and/or further risk assessment (DQRA), in order to protect the future end users with regard to PAH 
contamination across Site A. 
 
7.5.2 Human Health – Organic Contaminants – Site B:- 
 
The results of the analysis and risk assessment for Site B have been summarised in Tables 7.5 and 7.6 on the 
following pages and have identified the following;  
 

� None of the CM values nor the UCL0.95 values exceed the CC values for Site B. 
� The CM value recorded for Acenaphthylene, TPH Aliphatic (EC10-EC12) and TPH Aliphatic (EC12-

EC16), are recorded as statistical outliers. However, since neither the CM value nor the calculated 
UCL0.95 value exceeds the CC values, it is felt that these analytes do not represent a significant risk to 
future end users. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.5  Level 1 Human Health Risk Assessment (Soils) Organic Screening (Cont’d):- 
 
7.5.2 Human Health – Organic Contaminants – Site B (Cont’d):- 
 
Table 7.5 – Organic Contaminants – Site B          Bold = Elevated result 

Analyte 
Critical 

Conc. (CC) 
mg/kg 

No. of 
Samples 
Screened

Max. 
Conc. (CM) 

recorded 
mg/kg 

Statistical 
Upper 

Confidence 
Limit 

(UCL0.95) 
mg/kg

Has UCL0.95

exceeded 
CC 

No. of 
Samples > 

CC 

Is CM an 
outlier 

(statistical 
hot spot) 

Acenaphthene 100000(1) 4 0.09 0.1 NO 0 NO
Acenaphthylene 10000(1) 4 0.03 0.1 NO 0 YES

Anthracene 5400 (1) 4 0.13 0.1 NO 0 NO
Benzo(a)anthracene 97(1) 4 0.45 0.5 NO 0 NO

Benzo(a)pyrene 14(1) 4 0.54 0.6 NO 0 NO
Benzo(b)fluoranthene 100(1) 4 0.74 0.8 NO 0 NO

Benzo(ghi)perylene 650(1) 4 0.42 0.4 NO 0 NO
Benzo(k)fluoranthene 140(1) 4 0.29 0.3 NO 0 NO

Chrysene 140(1) 4 0.60 0.6 NO 0 NO
Dibenz(ah)anthracene 13(1) 4 0.02 0.1 NO 0 NO

Fluoranthene 23000(1) 4 1.19 1.1 NO 0 NO
Fluorene 71000(1) 4 0.07 0.1 NO 0 NO

Indeno(123cd)pyrene 62(1) 4 0.28 0.3 NO 0 NO
Naphthalene 100(1) 4 0.07 0.1 NO 0 NO
Phenanthrene 23000(1) 4 0.81 0.7 NO 0 NO

Pyrene 54000(1) 4 1.15 1.1 NO 0 NO
TPH Aliphatic (EC5-EC6) 130000(1) 4 0.1 0.1 NO 0 NO
TPH Aliphatic (EC6-EC8) 42000(1) 4 0.1 0.1 NO 0 NO
TPH Aliphatic (EC8-EC10) 12000(1) 4 0.4 0.5 NO 0 NO
TPH Aliphatic (EC10-EC12) 49000(1) 4 4 5.2 NO 0 YES
TPH Aliphatic (EC12-EC16) 91000(1) 4 2 2.5 NO 0 YES
TPH Aliphatic (EC16-EC35) 1800000(1) 4 8 8.0 NO 0 NO
TPH Aliphatic (EC35-EC44) 1800000(1) 4 <1 0.5 NO 0 NO
TPH Aromatic (EC5-EC7) 90000(1) 4 <0.01 0.1 NO 0 NO
TPH Aromatic (EC7-EC8) 190000(1) 4 <0.01 0.1 NO 0 NO
TPH Aromatic (EC8-EC10) 18000(1) 4 0.14 0.1 NO 0 NO
TPH Aromatic (EC10-EC12) 34500(1) 4 <1 0.5 NO 0 NO
TPH Aromatic (EC12-EC16) 37800(1) 4 <1 0.5 NO 0 NO
TPH Aromatic (EC16-EC21) 28000(1) 4 3 2.9 NO 0 NO
TPH Aromatic (EC21-EC35) 28000(1) 4 3 2.9 NO 0 NO
TPH Aromatic (EC35-EC44) 28000(1) 4 <1 0.5 NO 0 NO
(1) = LQM CIEH Generic Assessment Criteria Values, 2nd Edition (2009) for Commercial 6% SOM 
 

� None of the maximum concentrations recorded for the remaining analytes represent statistical ‘hot 
spots’, and therefore the UCL0.95 values calculated can be taken as representative of Zone B as a whole. 

� Therefore, it can be seen that there is no potential risk to the end users on Site B from the 
contaminants screened and there will be no requirement for removal, treatment, protection measures 
and/or further risk assessment (DQRA), in order to protect the future end users (i.e. no risk to human 
health) from the generic made ground encountered. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.5  Level 1 Human Health Risk Assessment (Soils) Organic Screening (Cont’d):- 
 
7.5.2 Human Health – Organic Contaminants – Site B (Cont’d):- 
 
Table 7.6 – Organic Contaminants – Site B          Bold = Elevated result 

Analyte 
Critical Conc. 
(CC) mg/kg 

No. of Samples 
Screened 

Max. Conc. (CM) 
recorded 

Has CM exceeded
CC 

No. of 
Samples > CC

Benzene 95(1) 4 <0.01 NO 0
Toluene 4400(1) 4 <0.01 NO 0

Ethylbenzene 2800(1) 4 0.03 NO 0
m & p-Xylene 3200(1) 4 0.09 NO 0

o-Xylene 2600(1) 4 0.02 NO 0
(1) = SGV values (2nd Edition, 2009) for Commercial    
 

� The CM values for all of the BTEX, VOC, SVOC and pesticides analytes fall below the chosen CC 
values for Site A. 

 
Therefore, it can be seen that there is no potential risk to the end users on Site B from the contaminants 
screened and there will be no requirement for removal, treatment, protection measures and/or further risk 
assessment (DQRA), in order to protect the future end users (i.e. no risk to human health) from the generic 
made ground encountered. 
 
7.5.3  Human Health – Targeted PCB Screening:- 
 
Due to the presence of an historic and adjacent current electric sub-station on Site A it was deemed prudent to 
complete screening for Polychlorinated biphenyls (PCB’s) across Site A. 
 
A summary of the results for the Level 1 Risk Assessment for PCB’s has been compiled in Table 7.7 below. 
 
Table 7.7 – Targeted PCB Screening – Site A 

Analyte Critical Conc. (CC) 
mg/kg 

No. of Samples 
Screened 

Max. Conc. (CM) 
recorded 

No. of Samples > 
CC 

PCB Congener 28 0.01 (1) 2 <0.01 0
PCB Congener 52 0.01 (1) 2 <0.01 0
PCB Congener 101 0.01 (1) 2 <0.01 0
PCB Congener 118 0.01 (1) 2 <0.01 0
PCB Congener 138 0.01 (1) 2 <0.01 0
PCB Congener 153 0.01 (1) 2 <0.01 0
PCB Congener 180 0.01 (1) 2 <0.01 0

(1) = Detection Limit. 
 
The results have identified the following: 
 

� None of the CM values recorded for any of the PCB’s exceed the CC values chosen for Site A.  
� From these results it can be seen that the made ground in the proximity of the historic and current 

electric sub-station does not represent a risk with respect to the presence of PCB’s. 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.6  Level 1 Human Health Risk Assessment (Soils) Asbestos Screening:- 
 
Due to the site history and presence of demolition fill encountered within the made ground across both Sites 
A & B, asbestos screening was undertaken on samples for laboratory analysis. It should be noted that asbestos 
containing materials (ACM’s) were not visually identified at any locations across either Site during the 
fieldworks stage.  
 
7.6.1 Human Health – Asbestos Screening – Site A:- 
 
The results of the screening completed on the samples recovered from Site A are contained in Table 7.8 
below.  
 
Table 7.8 - Asbestos Screening – Site A                      

Position Depth 
(m) 

Chrysotile
(white) 

Amosite 
(brown) 

Crocidolite 
(blue) 

Anthophyllite Actinolite Tremolite Asbestos 
Detected  

TP4 1.00 YES NAD NAD NAD NAD NAD YES
TP5 0.50 YES NAD NAD NAD NAD NAD YES
TP5 1.50 NAD NAD NAD NAD NAD NAD NO
TP6 0.70 NAD NAD NAD NAD NAD NAD NO
TP7 0.70 NAD YES NAD NAD NAD NAD YES
TP7 2.00 NAD NAD NAD NAD NAD NAD NO
TP8 0.50 NAD NAD NAD NAD NAD NAD NO
TP9 0.50 NAD NAD NAD NAD NAD NAD NO
TP9 1.50 YES YES NAD NAD NAD NAD YES
TP10 0.50 NAD NAD NAD NAD NAD NAD NO
TP11 0.50 NAD NAD NAD NAD NAD NAD NO
TP11 2.00 YES NAD NAD NAD NAD NAD YES
TP12 0.60 YES NAD NAD NAD NAD NAD YES

NAD = No Asbestos Detected 
 
The results have identified the following; 
 

� The results of the Asbestos screening undertaken on the made ground on Site A has detected 
Chrysotile (white) and Amosite (brown).  

 
Therefore, it is felt that adequate protection measures should still be incorporated in to the design of any 
future redevelopment works across Site A to negate the risks posed towards Human Health, if the made 
ground deposits are to remain on site. 
 
7.6.2 Human Health – Asbestos Screening – Site B:- 
 
The results of the screening completed on the samples recovered from Site B are contained in Table 7.9 
below.  
 
Table 7.9 – Asbestos Screening – Site B                    

Position Depth 
(m) 

Chrysotile
(white) 

Amosite 
(brown) 

Crocidolite 
(blue) 

Anthophyllite Actinolite Tremolite Asbestos 
Detected  

TP1 0.50 NAD NAD NAD NAD NAD NAD NO
TP1 2.00 NAD NAD NAD NAD NAD NAD NO
TP2 0.50 NAD NAD NAD NAD NAD NAD NO
TP3 0.50 NAD NAD NAD NAD NAD NAD NO

NAD = No Asbestos Detected 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.6  Level 1 Human Health Risk Assessment (Soils) Asbestos Screening:- 
 
7.6.2 Human Health – Asbestos Screening – Site B (Cont’d):- 
 
The results have identified the following; 
 

� The results have confirmed that no asbestos fibres were detected within the samples of made ground 
tested across Site B 

 
Therefore, there is deemed to be no requirement to protect the future end users with regard to asbestos across 
Site B. 
 
7.7  Level 1 Risk Assessment (Leachate):- 
 
Based on the results of the soils screening carried out on the various samples chosen, leachate screening has 
also been carried out on five samples from Site A and the results have been used to complete a Level 1 Risk 
Assessment for the potential impact on controlled waters. The results have been assessed against appropriate 
EQS Freshwater and Drinking Water Standards and are summarised in Table 7.10 below and on the following 
page. For Volatile Organic Compounds (VOCs), Semi-Volatile Organic Compounds (SVOC’s) and pesticides, 
only the results above the detection limit have been included. 
 
Table 7.10 Leachate Screening Site A 

Analyte 
Critical Conc.

(CC) �g/l 
No. of Samples

Screened 
Max. Conc. (CM) 

recorded 
Has CM 

exceeded CC 
No. of Samples > CC

Arsenic 50(1) 5 5.51 NO 0
Boron 1000(2) 5 76 NO 0

Cadmium 5(2) 5 <0.07 NO 0
Chromium 50(2) 5 11.8 NO 0

Copper 2000(2) 5 8.9 NO 0
Lead 25(2) 5 8.2 NO 0

Mercury 1 (2) 5 <0.008 NO 0
Nickel 20(2) 5 3.0 NO 0

Selenium 10(2) 5 0.7 NO 0
Zinc 5000(2) 5 5 NO 0

Sulphate 250mg/l(1) 5 173 NO 0
Cyanide 50(2) 5 <20 NO 0

Acenaphthene 0.1(2) 5 <0.1 NO 0
Acenaphthylene 0.1(2) 5 <0.1 NO 0

Anthracene 0.1(2) 5 <0.1 NO 0
Benzo(a)anthracene 0.1(2) 5 <0.1 NO 0

Benzo(a)pyrene 0.1(2) 5 <0.1 NO 0
Benzo(b)fluoranthene 0.1(2) 5 <0.1 NO 0

Benzo(ghi)perylene 0.1(2) 5 <0.1 NO 0
Benzo(k)fluoranthene 0.1(2) 5 <0.1 NO 0

Chrysene 0.1(2) 5 <0.1 NO 0
Dibenz(ah)anthracene 0.1(2) 5 <0.1 NO 0

Fluoranthene 0.1(2) 5 <0.1 NO 0
Fluorene 0.1(2) 5 <0.1 NO 0

Indeno(123cd)pyrene 0.1(2) 5 <0.1 NO 0
Naphthalene 10(1) 5 1.2 NO 0
Phenanthrene 0.1(2) 5 <0.1 NO 0

Pyrene 0.1(2) 5 <0.1 NO 0
(1) = EQS UK freshwater, (2) = EQS Drinking water, (3) = Detection Limit, 
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7.0 Level 1 Ground Contamination Risk Assessment (Cont’d) 
 
7.7  Level 1 Risk Assessment (Leachate):- 
 
Table 7.10 Leachate Screening Site A (Cont’d) 

Analyte 
Critical Conc.

(CC) �g/l 
No. of Samples

Screened 
Max. Conc. (CM) 

recorded 
Has CM 

exceeded CC 
No. of Samples > CC

Benzene 30 (1) 5 <1 NO 0
Toluene 50 (1) 5 <1 NO 0

Ethylbenzene 200 (1) 5 <1 NO 0
m & p-Xylene 30 (1) 5 <1 NO 0

o-Xylene 30 (1) 5 <1 NO 0
TPH Aliphatic EC5-EC6 10 (1) 5 <1 NO 0
TPH Aliphatic EC6-EC8 10 (1) 5 <1 NO 0
TPH Aliphatic EC8-EC10 10 (1) 5 <1 NO 0
TPH Aliphatic EC10-EC12 10 (1) 5 <1 NO 0
TPH Aliphatic EC12-EC16 10 (1) 5 <1 NO 0
TPH Aliphatic EC16-EC35 10 (1) 5 5 NO 0
TPH Aliphatic EC35-EC44 10 (1) 5 <1 NO 0
TPH Aromatic EC5-EC7 10 (1) 5 <1 NO 0
TPH Aromatic EC7-EC8 10 (1) 5 <1 NO 0
TPH Aromatic EC8-EC10 10 (1) 5 <1 NO 0
TPH Aromatic EC10-EC12 10 (1) 5 <1 NO 0
TPH Aromatic EC12-EC16 10 (1) 5 <1 NO 0
TPH Aromatic EC16-EC21 10 (1) 5 <1 NO 0
TPH Aromatic EC21-EC35 10 (1) 5 <1 NO 0
TPH Aromatic EC35-EC44 10 (1) 5 <1 NO 0

(1) = EQS UK freshwater, (2) = EQS Drinking water, (3) = Detection Limit, 
 
The results have identified the following:  
 

� None of the generic analytes, speciated PAH’s or TPH’s, BTEX, VOC, SVOC and pesticides analytes  
screened exceed the chosen CC values for this site.  

� When considering these results, the made ground materials below Site A do not represent a significant 
risk to controlled waters.  

 
8.0 Conclusions & Recommendations 
 
8.1 Ground Conditions:- 
 
8.1.1 Site A:- 
 
Made ground comprising tarmac, concrete, dolomitic limestone hardcore, sandy gravel, soft and firm sandy 
gravelly clay, clayey silty gravelly sand, loose sandy gravel, soft silty clay, firm sandy clay, clayey sandy gravel 
and clayey gravelly sand was encountered across Site A to a maximum depth of c.3.70m. Gravel was fine to 
coarse with many cobbles comprising brick, limestone, coal, concrete, ash, sandstone. Some glass, pottery, 
plastic, clothes, rag, metal and rope also noted. Relic brick walls were encountered in several positions across 
Site A with relic concrete sub floors encountered in TP7 at c.3.20m, TP10 at 1.20m, SA2 at 0.70m, SA2A at 
1.90m and SA3 at 1.90m.  
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8.0 Conclusions & Recommendations (Cont’d) 
 
8.1 Ground Conditions (Cont’d):- 
 
8.1.1 Site A (Cont’d):- 
 
Natural deposits comprising soft to and stiff (low to high strength) sandy gravelly clay, slightly laminated clay, 
silty clay was encountered below the made ground materials underlain by very dense sand and gravel and 
gravelly sand from a depth of between c.13.50m and c.16.00m. Gravel is fine to coarse of sandstone and some 
coal and cobbles noted. Some fine sand and gravel horizons were noted throughout the clay deposits. 
 
Solid deposits comprising sandstone and mudstone were encountered below Site A from a depth of between 
c.18.10m and c.20.20m to c.>25.20m. 
 
8.1.2 Site B:- 
 
Made ground comprising dolomitic limestone hardcore, concrete and soft and firm sandy gravelly clay was 
encountered across Site B to a depth in excess of c.2.40m. Gravel was fine to coarse with cobbles comprising 
brick, ash, pottery, concrete, sandstone and limestone. Some plastic was also noted. Relic brick walls were 
encountered in TP1 with a relic concrete sub floor encountered in TP1 at c.2.40m. A c.300mm diameter pot 
lined ‘well’ feature was encountered in the side of the base wall of TP1 extending to c.4.20m, which was noted 
as dry. 
 
Natural deposits comprising firm and stiff (high strength) sandy gravelly clay was encountered from a depth of 
c.1.30m and c.1.70m to a depth in excess of c.3.90m. Gravel is fine to coarse of sandstone mudstone and 
some coal and cobbles noted. 
 
Solid deposits were not encountered below Site B. However, from the deep boreholes undertaken across Site 
A sandstone and mudstone is anticipated to lie at a depth in excess of c.20.00m below Site B. 
 
8.2 Groundwater:-  
 
Ingresses of water were recorded within several of the excavations across both Sites. It is anticipated that this 
is trapped surface water and not part of a continuous groundwater table. Some further unrecorded local 
pockets of trapped surface water may also be present, particularly after periods of heavy rain, and this should 
also be taken into account when considering the construction process for the proposed development.  
 
In order to take care of any localised ingresses of surface water, during the construction period, it would be 
prudent to allow for the introduction of temporary groundwater control techniques (i.e. sump pumping), 
especially during the wetter periods of the year.   
 
From the results of the subsequent monitoring visit, water levels ranged from c.0.31m to c.3.50m. It is 
therefore considered prudent to allow for the introduction of temporary groundwater control techniques (i.e. 
pumping equipment), in order to take care of any ingresses of groundwater which may occur, during the 
construction period, especially if construction takes place during the wetter periods of the year.  
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8.0 Conclusions & Recommendations (Cont’d) 
 
8.3 Foundation Options:-  
 
8.3.1 Site A:- 
 
Given the nature of the proposed development on Site A comprising multi-storey residential apartment blocks 
and the anticipated high loadings required, the preferred foundation option for the proposed development is 
bored / continuous flight auger piles. Due to the numerous types of pile, and methods of installation, the 
information contained within this report will need to be passed onto specialist piling contractors, so they can 
design and price a suitable scheme. 
 
Obstructions within the made ground and drift deposits should be anticipated during piling. For example, relic 
concrete sub floors and relic foundations were encountered across Site A. 
 
There may be a requirement for pre-auguring or local excavation and removal of obstructions and this will 
need to be considered as part of any piling scheme.   
 
Due to the thicknesses of made ground encountered, consideration should be given to the effects of negative 
skin friction on piled foundations where they come into contact with the remaining made ground. 
 
Where any made ground materials are utilised as an undisturbed sub-grade for the design and construction of 
any new areas of hardstanding, car parking, access roads and/or ground bearing floor slabs, it is felt that a 
characteristic design CBR value of 1.5% should not be exceeded across Site A.  
 
8.3.2 Site B:- 
 
With regards to new foundations across Site B, it can be seen that in and around the areas of the proposed 
development, made ground was recorded to a depth in excess of c.2.40m below existing ground levels, before 
natural drift deposits were recorded.  
 
Conventional shallow strip or pad foundations located on firm and stiff natural sandy gravelly clay should 
provide a competent bearing horizon to carry the foundations of the proposed commercial unit where a 
maximum allowable bearing pressure of 175kN/m2 should not be exceeded. 
 
Deeper foundations will be required where localised deep made ground is encountered. In this instance, 
foundations should be taken down through the made ground and based wholly within the firm and stiff 
natural clay. Excavation depths in the order of c.1.30m to c.2.40m are anticipated from current ground levels. 
 
Where any made ground materials are utilised as an undisturbed sub-grade for the design and construction of 
any new areas of hardstanding, car parking, access roads and/or ground bearing floor slabs, it is felt that a 
characteristic design CBR value of 1.0% should not be exceeded across Site B.  
 
During the construction phase, it may also be beneficial for a suitably qualified Geotechnical Engineer / 
Engineering Geologist to attend site and confirm the correct founding strata has been achieved within all 
foundation excavations, as localised variations in the type and nature of the upper ground conditions have 
been duly noted. 
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8.0 Conclusions & Recommendations (Cont’d) 
 
8.4 Ground Gas Monitoring: -  
 
From the results of the gas monitoring visits completed to date, a preliminary gas screening value (GSV) for 
Carbon Dioxide has been calculated for this site as 0.0001 l/hr, which equates to a Characteristic Situation 1 
(CS1), in accordance with CIRIA C665. Consequently, based upon the results of this preliminary assessment, 
gas protective measures are unlikely to be required within the proposed development.   
 
However, a further four visits have been scheduled and the results along with the final recommendations will 
be issued as an Addendum Letter Report. 
 
8.5 Ground Contamination:- 
 
8.5.1 Site A:- 
 
From the results of the contamination screening and the Level 1 Risk Assessments (Section 7.0) undertaken 
and due to Site A being developed for residential end-use, elevated Lead, Benzo(a)anthracene, Benzo(a)pyrene, 
Benzo(b)fluoranthene, Chrysene, Dibenz(ah)anthracene and Indeno(123cd)pyrene was recorded within the 
made ground materials across Site A and could represent a potential future risk to end users. In addition, 
asbestos fibres, which were not visually identifiable within the made ground, was recorded across Site A also. 
 
Subsequently, removal, protection or further Risk Assessment (DQRA) is required for this site, with potential 
remedial measures available being discussed further in Section 8.6. 
 
When considering the results of the leachate screening, the contaminants in the samples screened are not 
considered to be sufficiently mobile to represent a significant risk to controlled waters or adjacent sites, and as 
such no additional protection or treatment measures are considered necessary. 
 
At this stage, when considering the risk to building materials, it is recommended that a concrete design class of 
DS-2 and ACEC class of AC-2 is used for all foundations and buried concrete.  
 
If during future redevelopment works, any excavated materials are to be removed from this site as a waste and 
disposed of at a landfill, reference should be made to the notes on off-site disposal within Appendix V, 
particularly when assessing the likely classification of these materials prior to disposal.  
 
8.5.2 Site B:- 
 
From the results of the contamination screening and the Level 1 Risk Assessments (Section 7.0), it can be seen 
that the made ground materials present on Site B do not represent a significant risk to the end users, and will 
not require any removal, treatment or protection measures to be installed, for a commercial setting. 
 
When considering the results of the targeted asbestos screening, no asbestos fibres or fragments were 
identified within the made ground samples screened from across the site as part of these ground investigation 
works.  
 
When considering the risk to building materials, it is recommended that a concrete design class of DS-1 and 
ACEC class of AC-1 is used for all foundations and buried concrete.   
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8.0 Conclusions & Recommendations (Cont’d) 
 
8.5 Ground Contamination (Cont’d):- 
 
8.5.2 Site B (Cont’d):- 
 
If during future redevelopment works, any excavated materials are to be removed from this site as a waste and 
disposed of at a landfill, reference should be made to the notes on off-site disposal within Appendix V, 
particularly when assessing the likely classification of these materials prior to disposal. 
 
8.6 Remediation Strategy: - 
 
From the results of the Level 1 Risk Assessment, it is can be seen that elevated levels of Lead, 
Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Chrysene, Dibenz(ah)anthracene and 
Indeno(123cd)pyrene contamination and asbestos have been recorded for the made ground materials below 
Site A, which are considered to represent a risk to human health. Subsequently, remediation works will be 
required across Site A in order to address the current potential risks posed to human health. 
 
Where future buildings and areas of hardstanding are proposed then the source-pathway-receptor model will 
not exist and there is not considered to be health risk to the future end users. However, in areas of future soft 
landscaping (i.e. gardens, grass verges, etc) there is the potential for ingestion, dermal contact and inhalation of 
fugitive dust and vapours etc.  
 
The following remediation option is felt to be the most viable option for Site A: 
 

1. The introduction of an engineered clean cover system within all areas of proposed soft landscaping, to 
provide a safe and permanent barrier between the levels of contamination recorded and the proposed 
end users (i.e. residents). Given the levels of PAH’s and asbestos, with the soft landscaped areas to be 
managed as part of the apartment development, an engineered clean cover system with no dig / visible 
barrier is deemed appropriate (i.e. visqueen / compact coarse stone). To ensure adequate protection, a 
thickness of c.600mm is recommended for Site A, to act as a break in the pollutant linkage between 
the receptor and the source of contamination (i.e. made ground).  

 
This Remediation Strategy will need to be approved by the Local Authorities and subsequent remedial works 
that are completed across the site will require confirmatory validation testing and photographic evidence.  
 
The remediation work should be validated by a suitably qualified Geo-environmental Engineer to ensure that 
all works are being completed in strict accordance with this Remediation Strategy.  
 
From the results of the Risk Assessment undertaken, there is deemed to be no requirement to undertake 
remediation works across Site B. 
 
8.7 General Comments:- 
 
When considering the risks to the construction workforce, suitable PPE should be adopted to provide 
protection against the levels of potential contaminants recorded during these investigation works. Similarly, the 
results can also be used by the Main Contractor / Project Coordinator, when devising an adequate Site Health 
& Safety Plan, in accordance with current CDM Regulations.  
 
For deeper excavations, drainage, service runs or the like that may pass close to or beneath any proposed new 
foundations, these should be undertaken with care and completed prior to the preparation of any new 
foundations, so as not to allow any loose or granular material to move or ‘flow’, thus causing settlement to 
occur to any new foundations based at a higher level.   
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8.0 Conclusions & Recommendations (Cont’d) 
 
8.7 General Comments (Cont’d):- 
 
It is also recommended for any new developments, adequate surface drainage should be designed and installed 
by a competent contractor, in order to prevent surface water ‘ponding’ or collection, during and post 
construction, particularly where the existing surface drainage system is disrupted or damaged. 
 
An “observational technique” can be applied to the design and construction on this site, and where ground 
conditions seem to vary from that indicated from the Conceptual Site Model derived from works to date, then 
advice from a suitably qualified Engineering Geologist/Geotechnical Engineer should be sought. 
 

END OF REPORT 
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Trial Pit and Borehole Location Plan 
Trial Pit and Borehole Record Sheets 
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Black clayey silty gravelly sand. Gravel is fine to coarse of coal and
ash. Wet (MADE GROUND).

D0.20

Borehole terminated at 4.00m.

Stiff (high strength) brown sandy gravelly CLAY. Gravel is fine to
coarse of sandstone (GLACIAL TILL).

Very soft dark grey and black silty clay (MADE GROUND).

Brown sandy gravel. Gravel is fine to coarse comprising fragments of
ash brick coal and some glass. Cobbles (MADE GROUND).

Brown and grey sandy gravel. Gravel is fine to coarse comprising
fragments of brick limestone and coal. Cobbles. Becoming clayey in
places (MADE GROUND).
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Stiff (high strength) brown silty sandy CLAY (GLACIAL TILL).
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Loose dark brown and black sandy gravel. Gravel is fine to coarse
comprising fragments of coal brick concrete sandstone and ash.
Cobbles. Becoming clayey in places (MADE GROUND).
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Soft brown silty clay with some fine to coarse gravel comprising
fragments of ash sandstone brick coal and pottery (MADE
GROUND).
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Firm brown sandy gravelly clay. Gravel is fine to coarse comprising
fragments of brick limestone and coal. Cobbles (MADE GROUND).
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Borehole terminated at 4.00m.

Firm (medium strength) brown and grey silty CLAY (GLACIAL
TILL).
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Firm brown sandy gravelly clay. Gravel is fine to coarse comprising
fragments of brick sandstone and limestone. Cobbles (MADE
GROUND).
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Stiff (high strength) brown and grey sandy gravelly CLAY. Gravel is
fine to coarse of sandstone and some coal. Cobbles (GLACIAL
TILL).
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Becoming soft (low strength).

Stiff (high strength) brown and grey sandy gravely CLAY. Gravel is
fine to coarse of sandstone and coal. Cobbles (GLACIAL TILL).

Firm dark grey sandy clay (MADE GROUND).

Black and dark brown sandy gravel. Gravel is fine to coarse
comprising fragments of sandstone brick ash and limestone. Cobbles
(MADE GROUND).
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Borehole terminated at 4.00m.

Stiff (high strength) brown and grey sandy gravelly CLAY. Gravel is
fine to coarse of sandstone and some coal. Cobbles (GLACIAL
TILL).
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fragments of brick limestone and coal. Cobbles (MADE GROUND).
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Tarmac (MADE GROUND).

Firm brown sandy gravelly clay. Gravel is fine to coarse of brick and
coal. Cobbles (MADE GROUND).

Stiff (high strength) dark grey sandy gravelly CLAY. Gravel is fine to
coarse of sandstone and some coal. Becoming laminated in places
(GLACIAL TILL).
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TRIAL PIT No

Concrete (MADE GROUND).

A

Trial pit terminated at 2.40m due to refusal on concrete in base of pit. Relic brick walls in
ends of pit with a c.300mm diameter pot lined 'well' like feature in base / side of pit
extending to c.4.20m BGL. Noted as dry.

Soft brown and black sandy gravelly clay. Gravel is fine to coarse comprising fragments of
brick pot and some ash (MADE GROUND).
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Dolomitic limestone gravel hardcore (MADE GROUND).
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2.50 V 120kN/m
2

Dolomitic limestone gravel hardcore (MADE GROUND).

Trial pit terminated at 2.50m.

c.200mm diameter pot drain at 1.80m.

Soft becoming firm in places brown sandy gravelly clay. Gravel is fine to coarse comprising
fragments of brick pot concrete and ash. Cobbles noted. Becoming very sandy and very
gravelly in places (MADE GROUND).
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1.70-2.50

0.10-1.70
0.00-0.10

0.50

Stiff (high strength) brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).
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Soft black and brown sandy gravelly clay. Gravel is fine to coarse comprising fragments of
brick concrete and some ash. Some plastic also noted. Cobbles. Becoming clayey sandy
gravel / clayey gravelly sand in places (MADE GROUND).

Trial pit terminated at 2.50m. Relic brick walls in ends of pit.

Becoming stiff (high strength) and dark brown and grey from 1.80m.
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2.50 B
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TRIAL PIT No
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1.70-2.00

2.00-2.50

2.50

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick concrete pot and ash. Cobbles. Becoming clayey in places (MADE
GROUND).

Soft (low strength) grey sandy CLAY (GLACIAL TILL).

Stiff (high strength) brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Trial pit terminated at 2.50m.
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0.50 CBR 2
0.50 J/D

1.50 J/D

3.00 B
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0.00-2.70

2.70-3.00

3.00

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick sandstone concrete pot and ash. Cobbles and boulders. Becoming clayey
in places (MADE GROUND).

Stiff (high strength) brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Trial pit terminated at 3.00m. Relic brick walls across pit.
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TRIAL PIT No

120kN/m
2

All dimensions in metres
Scale 1:50
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WATER: Upon
completion, trial pit
recorded as dry with slight
wall collapse from surface.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494 TRIAL PIT LOG
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0.70 J/D

1.50 V 80kN/m2

2.00 B
2.00 V 120kN/m2

2.50 120kN/m
2

TRIAL PIT No

0.00-1.50

1.50-2.50

2.00

2.50

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick sandstone concrete pot and ash. Cobbles and boulders. Becoming clayey
in places (MADE GROUND).

Firm (high strength) light brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Becoming stiff (high strength) and dark brown and grey from 2.00m.

Trial pit terminated at 2.50m.
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WATER: Upon
completion, trial pit
recorded as dry and open.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
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Fax:  0191 378 0494

Date

Legend

STRATA

Shoring/Support:
Stability:

TRIAL PIT LOG

Milliners Wharf, Manchester

Contractor

Project

Job No Co-Ordinates ()

13-898

C



D
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Depth
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0.50 CBR 0.8

0.70 J/D

2.00 J/D

0.00-3.20

3.20

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick sandstone concrete pot and ash. Clothes rag metal and plastic noted.
Cobbles and boulders. Becoming clayey in places (MADE GROUND).
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BD
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Legend

Trial pit terminated at 3.20m due to refusal on possible concrete floor and owing to collapse
of side walls.
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WATER: Upon
completion, trial pit
recorded as dry with slight
wall collapse from surface.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494
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TRIAL PIT No

Stiff (high strength) black and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).
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Trial pit terminated at 2.50m.

Becoming dark brown and grey.
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1  of  1

No Remarks/TestsDESCRIPTION

A

C

B

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick sandstone concrete pot and ash. Cobbles. Becoming clayey in places
(MADE GROUND).

No

B

2.50

120kN/m2
V2.00

120kN/m2

Becoming light brown and grey.

1.50

V

1.50

J/D0.50

V

0.00-0.20

Concrete (MADE GROUND).

Tarmac underlain by dolomitic limestone fill (MADE GROUND).

2.50

1.90

1.40

1.10-2.50
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2.50 120kN/m
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GENERAL
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All dimensions in metres
Scale 1:50
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Milliners Wharf, Manchester
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494

Ground Level (m)
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WATER: Upon
completion, trial pit
recorded as dry and open.
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Trial pit terminated at 2.50m.

Depth

J/D

V2.00
B2.00

2.50

1.50

V

0.50
1.3CBR0.50

J/D
1.60-2.50

Becoming stiff (high strength) and dark brown and grey from 1.90m.

Firm (high strength) light brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to coarse comprising
fragments of brick concrete pot and ash. Cobbles. Becoming clayey in places (MADE
GROUND).

Dolomitic limestone gravel hardcore (MADE GROUND).
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All dimensions in metres
Scale 1:50
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WATER: Upon
completion, slight water
ingress from 1.60m.
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Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494
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Defunct water pipe in plastic duct across pit.

0.50 J/D

1.00 W

0.00-0.30

0.30-1.20

0.80

1.20

Brown and black sandy gravel. Gravel is fine to coarse comprising fragments of brick. Metal
noted (MADE GROUND).

Trial pit terminated at 1.20m due to relic concrete floor. Relic brick walls in ends and side of
pit.
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Dolomitic limestone gravel hardcore (MADE GROUND).

All dimensions in metres
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WATER: Upon
completion, standing water
level recorded at 1.00m.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494 TRIAL PIT LOG
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2.00 J/D

2.60 B
2.70 V
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0.00-2.40

2.40-2.80

2.80

Black clayey sandy gravel / clayey gravelly sand. Gravel is fine to coarse comprising
fragments of brick concrete and some ash. Some rope plastic and dolomitic limestone gravel
noted (MADE GROUND).

Stiff (high strength) dark brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Trial pit terminated at 2.80m.
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2

All dimensions in metres
Scale 1:50
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WATER: Upon
completion, slight water
ingress from 1.20m with
slight wall collapse from
surface.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494 TRIAL PIT LOG

Legend

STRATA

Shoring/Support:
Stability:

Co-Ordinates ()

13-898

Milliners Wharf, Manchester

Contractor

Project

C

Job No



No

C

B D

No

AG
S3

 U
K 

TP
  T

P 
13

-8
98

.G
PJ

  A
G

S3
_A

LL
.G

D
T 

 2
/4

/1
4

Remarks/Tests

B

Depth

1  of  1

SAMPLES & TESTS

0

1

2

3

4

Depth DESCRIPTION

1.90-2.70

0.60 J/D

2.00 V 120kN/m2

2.20 B

2.50 V 120kN/m2

A

0.00-1.90

D

2.70

Black clayey sandy gravel / clayey gravelly sand. Gravel is fine to coarse comprising
fragments of brick concrete and some ash (MADE GROUND).

Stiff (high strength) dark brown and grey sandy gravelly CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles (GLACIAL TILL).

Trial pit terminated at 2.70m.
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WATER: Upon
completion, trial pit
recorded as dry and open.
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494 TRIAL PIT LOG
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Depth
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Legend

Casing From To

U100

D1.00

D0.20

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL).

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to
coarse comprising fragments of brick concrete pot and ash. Cobbles.
Becoming clayey in places (MADE GROUND).
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494
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WATER: Slight water
seepage from 2.30m. Upon
completion, borehole
recorded as dry.
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50
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Depth

12.50-
13.00

(2.50)

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL). (continued)

17.03

17.00

16.00

13.50

(1.00)

12.00-
12.45

D11.50

N=14SPT10.50-
10.95

D

Borehole terminated at 17.03m due to refusal on very dense deposits.

Standing time for 3 hours to source water feed during drilling from
16.00m.
Chiselling for 1 hour from 16.80m to 17.00m.

Very dense brown SAND and GRAVEL (GLACIAL TILL).

Dense light brown gravelly SAND. Possible highly weathered
sandstone (GLACIAL TILL).

Firm brown laminated sandy gravelly CLAY. Gravel is fine to coarse
of sandstone. Cobbles (GLACIAL TILL).

Grey fine to coarse SAND (GLACIAL TILL).
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Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494
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WATER: Slight water
seepage from 2.30m. Upon
completion, borehole
recorded as dry.
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BOREHOLE LOG

0.70

Water Added

1.00

(0.70)

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to
coarse comprising fragments of brick concrete pot and ash. Cobbles.
Becoming clayey in places (MADE GROUND).

Concrete (MADE GROUND).

Borehole terminated at 1.00m due to refusal on concrete sub base.

Chiselling for 1 hour from 0.70m to 1.00m.

Dia. mm

Depth W
at

er

Legend
Depth

ToFromCasing

All dimensions in metres
Scale 1:62.5 Cable Percussive

BSCP

GENERAL
REMARKS

Arc Environmental Ltd

��.

Sheet

WATER: Upon
completion, borehole
recorded as dry.
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BOREHOLE LOG

1.90

Boring Progress and Water Observations

D

2.30

(1.90)

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to
coarse comprising fragments of brick concrete pot and ash. Cobbles.
Becoming clayey in places (MADE GROUND).

Concrete (MADE GROUND).

Borehole terminated at 2.30m due to refusal on concrete sub base.

Chiselling for 1 hour from 0.60m to 0.70m.
Chiselling for 2 hours from 1.90m.
Standing time for 2 hours to collect 8 inch equipment to break
through concrete.
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0.30

Depth W
at

er

Legend
Depth

ToFrom

All dimensions in metres
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WATER: Upon
completion, borehole
recorded as dry.
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3.00-3.50

B0.00-2.00

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL).

Black brown and grey sandy gravel / gravelly sand. Gravel is fine to
coarse comprising fragments of brick concrete pot and ash. Cobbles.
Becoming clayey in places (MADE GROUND).
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WATER: Slight water
seepage from 2.70m. Upon
completion, borehole
recorded as dry.
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Result

SPT

Water
DptDia. mmDate

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL). (continued)

15.50-
15.70

10.50-
10.95

D10.00

69
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Very dense brown SAND and GRAVEL (GLACIAL TILL).

11.00

15.70
Borehole terminated at 15.70m due to refusal on very dense deposits.

Dayworks for 2.5 hours whilst installing 8 inch equipment through
the made ground deposits.
Chiselling for 2 hours from 15.30m to 15.70m.
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00.0013-02-14 15013.00

(8.80)

(1.60)

(2.60)

4.20D

D5.50

D5.00

37
Blows

U1004.50-4.95

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL).

4.20

Test
Result

4.00

N=8SPT3.00-3.45

B2.50-3.00

B0.50-1.50

D

Date

GENERAL
REMARKS

BSCP
Cable Percussive

All dimensions in metres
Scale 1:62.5

��0
13-898

Milliners Wharf, Manchester

Contractor

Project

Job No Co-Ordinates ()

Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494

Ground Level (m)

13-02-14

Method/
Plant Used

Client

Arc Environmental Ltd

MH

In
st

ru
m

en
t/

B
ac

k
fi

ll

Logged By

Date

WATER: Slight water
seepage from 2.60m. Upon
completion, borehole
recorded as dry.

Sheet

Hours

BOREHOLE LOG

Reduced
Level

(Thick-
ness) G

eo
lo

g
y

BOREHOLE No

From To

Water AddedChisellingBoring Progress and Water Observations

DESCRIPTION

Depth

Type
No

Time

SAMPLES & TESTS STRATA



Water
DptDia. mm

Legend

Casing

2  of  2

From To

AG
S3

 U
K 

BH
  S

AS
 1

3-
89

8.
G

PJ
  A

G
S3

_A
LL

.G
D

T 
 2

/2
8/

14

Depth

Chiselling

13.00

BOREHOLE No

Hours From

Water AddedBoring Progress and Water Observations

DESCRIPTION

Date

Test
Result W

at
er

To

D10.00

Borehole terminated at 13.36m due to refusal on very dense deposits.

Chiselling for 2 hours from 13.00m to 13.05m.

Depth

Firm brown and grey sandy gravelly CLAY. Gravel is fine to coarse
of sandstone and mudstone. Cobbles. Some fine sand and gravel
bands (GLACIAL TILL). (continued)

58
Blows

13.05 Very dense brown SAND and GRAVEL (GLACIAL TILL).

SPT

Depth

50
Blows

SPT

10.50-
10.95

N=17

U100

12.00-
12.45

D11.50

D11.00

(Thick-
ness)

13.00-
13.05

All dimensions in metres
Scale 1:62.5

Sheet

��0

Arc Environmental Ltd

GENERAL
REMARKS

13-898

Cable Percussive
BSCP

MH

Arc Environmental Ltd
Solum House, Unit 1 Elliott Court, St Johns Road,
Meadowfield, Durham DH7 8PN
Telephone:  0191 378 6380
Fax:  0191 378 0494

Ground Level (m)

13-02-14

Method/
Plant Used

WATER: Slight water
seepage from 2.60m. Upon
completion, borehole
recorded as dry.

Date

Logged By

Milliners Wharf, Manchester

Client

Depth

STRATA

Reduced
Level

Time

BOREHOLE LOG

G
eo

lo
g
y

Contractor

Project

Job No

SAMPLES & TESTS

In
st

ru
m

en
t/

B
ac

k
fi

ll

Type
No

Co-Ordinates ()



FromWater
StandingStrike

Drilling Progress and Water Observations

(SPT)
Fracture
Spacing Discontinuities Detail

Red'cd
Level

Time

AG
S3

 U
K 

D
H

  R
BH

S 
13

-8
98

.G
PJ

  A
G

S3
_A

LL
.G

D
T 

 2
/2

8/
14

DRILLHOLE LOG

Depth

14.2
20.2

Core Dia
mmCasing

Date

1
  of  2

TCR
(SCR)
RQD Main

11520.2026-02-14 Air Mist
Air Mist

Date

(3.00)

14.20

3.00

0
14.2

Relic Concrete floor from 0.80m to
1.10m.

DESCRIPTION

(50/180mm)

Firm brown and grey sandy gravelly
CLAY. Gravel is fine to coarse of
sandstone and mudstone. Cobbles.
Some fine sand and gravel bands
(GLACIAL TILL).
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Report Type:- Phase 2: Ground Investigation Report. 
Project:- 13-898 – Proposed Development, Milliners Wharf, Munday Street, Manchester M4 7BB. 
Prepared For:- BSCP Ltd. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

APPENDIX III 
Gas and Water Monitoring Certificate 
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APPENDIX IV 
Laboratory Results (Geotechnical & Ground Contamination) 
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

1.610

60

Mv

SA1

0.129

0.767

Depth (m):

Top

t90

2.917

Cv

3.00-3.45

U

4.426

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:0.046

1.906

1.36419.85 240 - 30

240

0.124

0.127

- 30

20

0.474 60 - 120

108.2 120 -

-

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

19 kPa m2/MN m2/yr

2.15 0

Checked by Date Date

Sample Number: Sample Type:

Pressure Range 

1.80 30

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950

    Page        of

24/03/14
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Hole Number: SA1 Depth (m):

Sample Number: Sample Type:

102.0 165.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 2.4 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 17 2.16 1.84 60 319 160 21.2 Compound

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

3.00-3.45

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Hole Number: SA1 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 16 2.15 1.85 120 222 111 20.0 Compound

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

6.00-6.45

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

24.709

90

Mv

SA1

0.143

0.051

Depth (m):

Top

t90

3.734

Cv

9.00-9.45

U

6.298

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:0.040

4.851

2.55120.04 360 - 45

360

0.124

0.082

- 45

20

0.393 90 - 180

101.9 180 -

-

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

15 kPa m2/MN m2/yr

2.19 0

Checked by Date Date

Sample Number: Sample Type:

Pressure Range 

1.90 45

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950

    Page        of

24/03/14
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Hole Number: SA1 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.34 kPa

A 15 2.11 1.84 180 302 151 14.8 Compound

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

9.00-9.45

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Hole Number: SA1 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 16 2.19 1.88 240 240 120 20.5 Plastic

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

12.00-12.45

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Hole Number: SA1 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 26 2.05 1.63 300 234 117 20.5 Plastic

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

15.00-15.45

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950

    Page        of

24/03/14

Date

Sample Number: Sample Type:

Pressure Range 

1.79 45

2.11 0

Checked by Date

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

18 kPa m2/MN m2/yr

20

0.481 90 - 180

99.1 180 - 360

0.128

0.097

20.36 360 - 45

75.21

2.65

6.252

4.0430.036

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:

Depth (m):

Top

t90

5.844

Cv

4.50-4.95

U

5.203

18.329

90

Mv

SA2B

0.169

0.100- 45

-
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Hole Number: SA2B Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.34 kPa

A 19 2.13 1.79 90 195 97 16.7 Plastic

Checked Date Approved Date
24/03/14 24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

4.50-4.95

U
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Hole Number: SA2B Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 15 2.18 1.90 150 233 116 20.5 Plastic

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

7.50-7.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Hole Number: SA2B Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 18 2.15 1.82 210 256 128 20.5 Compound

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

10.50-10.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Hole Number: SA3A Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 21 2.08 1.71 90 137 68 20.5 Plastic

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

4.50-4.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

6.085

105

Mv

SA3A

0.187

0.114

Depth (m):

Top

t90

3.058

Cv

10.50-10.95

U

2.369

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:0.022

2.585

4.982

2.65

75.23

19.93 420 - 52

420

0.112

0.068

- 52

20

0.409 105 - 210

101.7 210 -

-

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

16 kPa m2/MN m2/yr

2.18 0

Checked by Date Date

Sample Number: Sample Type:

Pressure Range 

1.88 52

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950
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24/03/14
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Hole Number: SA3A Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 16 2.16 1.87 210 228 114 20.5 Compound

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

10.50-10.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

1.457

90

Mv

SA4

0.250

0.131

Depth (m):

Top

t90

2.066

Cv

4.50-4.95

U

1.422

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:0.062

2.371

2.342

2.65

75.26

19.83 360 - 45

360

0.173

0.110

- 45

20

0.711 90 - 180

105.8 180 -

-

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

28 kPa m2/MN m2/yr

1.99 0

Checked by Date Date

Sample Number: Sample Type:

Pressure Range 

1.55 45

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950

    Page        of

24/03/14

0.620

0.630

0.640

0.650

0.660

0.670

0.680

0.690

0.700

0.710

10 100 1000
Pressure - kPa

V
o

id
s 

R
at

io

0.0

0.5

1.0

1.5

2.0

2.5

10 100 1000

Pressure -kPa

C
v

 -
 m

2
/y

r

PSLR025                                             Issue1.1                                       Sept 06                    5-7 Hexthorpe Road, Hexthorpe, Doncaster



Hole Number: SA4 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.35 kPa

A 28 1.99 1.56 90 143 71 9.5 Brittle

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

4.50-4.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Initial  Conditions

Moisture Content (%):

Bulk Density (Mg/m3):

Dry Density (Mg/m3):

Voids Ratio:

Degree of saturation:

Height (mm):

Diameter (mm) See summary of soils description.

Particle Density (Mg/m3):

Assumed

Approved by

10.786

75

Mv

SA4

0.280

0.208

Depth (m):

Top

t90

3.069

Cv

7.50-7.95

U

2.399

Specimen location

within tube:

Method used to 

determine CV:

Nominal temperature

during test ' C:

Remarks:0.041

2.551

2.24420.04 300 - 37.5

300

0.188

0.109

- 37.5

20

0.475 75 - 150

100.2 150 -

-

One Dimensional Consolidation Properties
BS 1377: Part 5: 1990

Hole Number:

18 kPa m2/MN m2/yr

2.12 0

Checked by Date Date

Sample Number: Sample Type:

Pressure Range 

1.80 37.5

24/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No.

PSL14/0950

    Page        of

24/03/14

0.400

0.410

0.420

0.430

0.440

0.450

0.460

0.470

10 100 1000
Pressure - kPa

V
o

id
s 

R
at

io

0.0

2.0

4.0

6.0

8.0

10.0

12.0

10 100 1000

Pressure -kPa

C
v

 -
 m

2
/y

r

PSLR025                                             Issue1.1                                       Sept 06                    5-7 Hexthorpe Road, Hexthorpe, Doncaster



Hole Number: SA4 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 17 2.15 1.84 150 155 78 19.5 Plastic

Checked Date Approved Date
25/03/14 25/03/14

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

7.50-7.95

U
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Hole Number: SA4 Depth (m):

Sample Number: Sample Type:

102.0 210.0 Test: Undisturbed

Specimen Moisture Bulk Dry Cell Corr. Max. Shear Failure Mode

Content Density Density Pressure Deviator Strength Strain of Sample taken from top of tube

(%) (Mg/m3) (Mg/m3) (kPa) Stress Cu (%) Failure Rate of strain = 1.9 %/min

(kPa) (kPa) Latex Membrane used 0.2 mm thickness,

�� ������	f
�
�������	f Correction applied 0.33 kPa

A 17 2.30 1.97 210 185 92 20.5 Plastic

Checked Date Approved Date
24/03/14 24/03/14

  Undrained Shear Strength in Triaxial Compression
without measurement of Pore Pressure

B.S. 1377 : Part7 : Clause 8 : 1990

Diameter (mm):

10.50-10.95

U

MILLINERS WHARF, 
MANCHESTER.

Contract No:

See summary of soil descriptions.

Height (mm): 100 mm Single Stage.

Remarks

PSL14/0950
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Ground Contamination Risk Assessment 
 
Assessment Framework:- 
 
Ground contamination risk assessments are undertaken to identify potential risks from historical and recent land 
contamination on a given site and enable appropriate risk management actions to be undertaken in accordance with the 
regulatory context of the site and any future development.  There are a range of technical approaches to the assessment 
of chemical contaminants in the UK, all of which broadly fit within a tiered/phased approach and the current UK 
approach is set out in the Defra and Environment Agency Publication: CLR 11: Model Procedures for the Management 
of Land Contamination (Defra/EA 2004).   
 
ARC’s approach to undertaking ground contamination risk assessments is based on the tiered/phased framework in 
accordance with CLR11, and for Human Health, the recently updated CLEA (Contaminated Land Exposure 
Assessment) framework and model for assessing potentially contaminated land in the UK.  This framework and model is 
based primarily on the following publications and software: Science Reports SC050021/SR2 (EA 2008b Human Health 
toxicological assessment of contaminants in soil) and SC050021/SR3 (Updated technical background to CLEA model – 
replaces the previous guidance documents CLR9, CLR10 and Briefing notes 1 – 4);  Science Report SC050021/SR4 
(CLEA Software (version 1.06 beta) handbook) and the new CLEA software (replaces Science Report SC050021/H 
CLEA UK Handbook (draft) and the CLEA UK Software version 1.0 beta), along with the publication of a review of 
body weight and height data used within the Contaminated Land Exposure Assessment model (CLEA), Project no. 
SC050021/Technical Review 1.  
 
At present, the SGV’s (Soil Guidance Values) published as part of the previous CLEA UK Handbook (draft) and 
software (version 1.0 beta), have been withdrawn along with guidance documents CLR7 and CLR8, and replacement of 
the SGV values, using the updated model and software (version 1.06), is currently ongoing, and the new guidance 
documents for CLR7 & CLR8 have yet to be published.  Currently, Defra and the EA have published TOX and SGV 
reports for the following select substances: Benzene, Toluene, Ethylbenzene, Xylenes, Arsenic, Cadmium, Mercury, 
Nickel, Selenium and Phenol.  Although updated SGV values have been calculated for the aforementioned analytes, at 
present for the majority of the potential contaminants, relevant data is yet to be made available for the new model.  
According to Defra and the EA, the schedule for publication of the remaining reports will depend on various factors, 
and they anticipate publishing the remaining TOX and SGV reports for Cyanide, Lead, Dioxins, Dioxin-like 
Polychlorinated Biphenyls and Polycyclic Aromatic Hydrocarbons during the remainder of 2010. 
 
When considering ground contamination risk assessments for Controlled Waters (groundwater and surface waters), ARC 
follows the EA guidance on Remedial Targets Methodology, Hydrogeological Risk Assessment for Land Contamination, 
2006.     
 
Methodology:- 
 
During this transitional period, prior to the publication of all the new SGV values for the above mentioned analytes, 
ARC consider that the most appropriate methodology for completing a ground contamination risk assessment for soils 
on this site will be to utilise the recently published SGV values (Benzene, Toluene, Ethylbenzene, Xylenes, Arsenic, 
Cadmium, Chromium (III & VI), Mercury, Nickel, Selenium and Phenol), combined with the former CLEA model 
SGV’s based on the CLEA UK software and other newly published and recognised GAC’s (generic assessment criteria) 
for the remaining analytes.  It is widely recognised by ground contamination risk assessment practitioners that the new 
CLEA model will generally result in higher SGV and GAC (generic assessment criteria) values for the standard end uses, 
and consequently continued use of the former CLEA model will result in a slightly more conservative assessment.   
 
For general soil surface contamination, the new SGV value for inorganic Mercury can be compared with chemical 
analysis for total mercury content, as the concentrations of elemental and methylmercury compounds are likely to be 
very low, in accordance with Science Report SC050021 / Mercury SGV.  In addition, the updated SGV values are based 
upon a Soil Organic Matter (SOM) content of 6%, in line with the most recent Defra and EA guidance.  Once all the 
relevant data is available, a reassessment of the ground contamination present on this site can be carried out, if felt 
necessary, as this may result in a reduction in the scope of remediation works (if required).  It should be noted that 
guidance document CLR11: Model Procedures for the Management of Land Contamination has not been withdrawn.    
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Ground Contamination Risk Assessment (Cont’d) 
 
Methodology (Cont’d):- 
 
ARC ground contamination risk assessments, in accordance with CLR11, are based on the established source-pathway-
receptor pollutant linkage methodology and ‘suitable for use’ approach (Part IIA, EPA 1990 - inserted through Section 57 
EA 1995), and adopts the tiered/phased approach beginning with a preliminary assessment (also referred to a desk top 
study).  If potential pollutant linkages are identified from the preliminary assessment, for both Human Health and/or 
Controlled Waters, then Level 1 Quantitative Risk Assessments are appropriate guideline values.  For soils these typically 
comprise soil guideline values (SGV’s), generic assessment criteria (GAC) or site specific assessment criteria (SSAC) and 
for controlled waters, Environmental Quality Standards (EQS) or UK Drinking Water Standards.   
 
Where any Level 1 criteria have been exceeded, various courses of action are available for recommendation, in order to 
try and ‘break’ the pollutant linkage by designing into the proposed development works and/or by recommending 
appropriate remediation works, i.e. removal of source, treatment of contaminants, installation of permanent barriers, etc.  
and/or by carrying out more detailed site specific quantitative risk assessment (DQRA, i.e. Level 2 or above).  
Completing further DQRA for any contaminants present, can take into account factors such as the introduction of 
physical barrier and the actual availability of plausible contaminant migration pathways, as well as site specific data such 
as the type, properties and characteristics (permeability, porosity, density, etc.) of the soil present on site, groundwater 
depth and flow, site specific exposure criteria and values, and contaminant retardation, attenuation, dilution and 
degradation.  Similarly, when considering potential risks to off-site receptors, these are considered by assessing the 
potential risks to on-site receptors, as well as the potential mobility of any contaminants present within either the soils or 
water/groundwater below this site.   
 
For the purpose of this report, preliminary and level 1 risk assessments consider two main categories of receptor, and 
these are as follows: 
 

� On site Human Health – (CLEA Model). 
� Controlled Waters – (groundwater) – (EA Remedial Targets Methodology). 

 
When considering the risk to construction workforce, the results of the screening can be used by the Main 
Contractor/Project Coordinator, when devising an adequate Site Health & Safety Plan, in accordance with current CDM 
Regulations, and when assessing the level of PPE required on site.  Similarly, when considering the risks to building 
materials, again the results of the contamination screening can be used to determine the level of protection that may be 
required, and reference should be made to the utilities suppliers for their comments. 
 
Level 1 - Human Health:- 
 
Level 1 human health related assessments are based upon the current CLEA Model, with site values assessed against 
published Soil Guidance Values (SGV’s), and where these values are not available against the published CIEM 
(Chartered Institute of Environmental Health)/LQM Generic Assessment Criteria (GAC), Atkins ATRISKsoil© SSV 
values and USEPA Region 9 Screening Values (2009).  For statistical analysis, the site is assessed to delineate any 
potentially differing areas of contamination (averaging areas), based on the results of the preliminary investigation as well 
as the result of any visual, olfactory or analytical evidence following completion of the intrusive investigation works.  
Following this geographical delineation of the site, where generic or pervasive contaminants are anticipated, for each 
‘averaging area’ under consideration, the results are assessed using the established methods of statistical analysis given in 
the CL:AIRE Guidance on Comparing Soil Contamination Data with a Critical Concentration (CC), May 2008.  In this 
case, the results of the sample population are assessed to determine whether they represent a normal or non-normal 
distribution and the statistical upper confidence limit is (95% percentile – UCL0.95) is calculated and then compared with 
the chosen Level 1 Critical Concentration (CC) value for the site (i.e. the appropriate SGV, GAC or SSV).   
 
In addition, further statistical analysis is undertaken to determine whether the maximum concentration(s) recorded 
represent statistical outliers, i.e. potential ‘hot spots’, and where necessary these are removed from the sampling 
populations and a reassessment of the averaging areas/potential hot spot areas identified.     
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Ground Contamination Risk Assessment (Cont’d) 
 
Methodology (Cont’d):- 
 
Level 1 - Human Health (Cont’d):- 
 
Where targeted screening is undertaken, i.e. speciated PAH’s for ‘ashy’ type materials, screening for suspected organic 
contamination, etc., the maximum site values recorded (CM) at each location have been compared to the chosen Level 1 
Critical Concentration (CC), with no requirement for statistical analysis to be undertaken on for these samples. 
 
Level 1 – Controlled Waters:- 
 
The Level 1 controlled waters risk assessment has been carried out (in accordance with the guidance; Remedial Targets 
Methodology, Hydrogeological Risk Assessment for Land Contamination, Environment Agency, 2006) by comparing 
samples of leachate, with the chosen Level 1 Critical Concentration (CC) value, based on an appropriate water quality 
standard (EQS, UK Drinking Water, etc.), and which is also taken as the Level 1 Leachate Remedial Target (LTC1). 
 
The number of samples chosen for screening is determined by assessing the potential risk of contamination reaching a 
sensitive receptor, i.e. shallow groundwater, nearby surface water feature, etc., based on the results of the preliminary 
investigation, as well as olfactory, visual, anecdotal and analytical evidence collected during the intrusive investigation 
works.   
 
Where the potential risk is considered to be low between 0% and c.25% of the samples are targeted for screening, c.25% 
to c.50% where the risk is considered to be moderate and c.75% to 100% where the risk is considered to be high.  This 
is to ensure that the potential risk is adequately assessed without carrying out unnecessary testing.  When considering any 
‘hot spots’ identified, samples are specifically targeted for screening on a sample by sample and analyte by analyte basis.     
 
Notes for Off-Site Disposal 
 
When considering the removal of any materials from this site as a waste, to be disposed of at a landfill, it can be seen 
that where the uncontaminated natural strata (excluding any ‘topsoil’ or ‘peat’ materials) can be kept separate from any 
made ground or contaminated natural strata, then these materials can be considered as ‘inert’ and taken to an Inert 
Landfill Site.   
 
Where made ground or contaminated natural strata is to be removed off site as a ‘waste’, a preliminary classification 
assessment, regarding off-site disposal, can be made utilising the contamination soils screening undertaken as part of the 
Level 1 Risk Assessment for Human Health.  If there is sufficient screening to classify these materials as Non-
Hazardous, then they can be disposed of at a Non-Hazardous Landfill.  If insufficient preliminary screening has been 
undertaken to carryout the classification assessment, then further preliminary soils screening should be undertaken, 
where required. 
 
If the results of the preliminary classification assessment indicate that the materials to be removed from site as a ‘waste’ 
should be classified as Hazardous Waste, then prior to disposal, full WAC screening should be completed so that these 
materials can be classified as either Stable Non-Reactive Hazardous Waste or Hazardous Waste, and disposed of at a 
suitable waste disposal facility. 
 
If possible, removal of materials from site as a ‘waste’ should be kept to a minimum, however, if materials have to be 
removed to accommodate finished ground levels etc., it is recommended that the volume to be disposed of is calculated, 
as the amount of additional screening required, including any full WAC screening, will be dependant upon the volume of 
material to be disposed of. 
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Report Type:- Phase 1: Desk Top Study and Coal Mining Assessment Report.
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