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EXECUTIVE SUMMARY

Recorded ground conditions generally comprise a layer of Topsoil up to 0.4m in thickness, with
predominantly cohesive Made Ground below between 0.3 to 7.7m thick. The thickness of the Made
Ground was typically greater along the central section of the site (along the existing
footpath/historical rail line), though the full thickness was often unproven. Made Ground of between
0.5 to 2m in thickness was encountered along the western and eastern edges of the site.

Within the cohesive Made Ground layer there is evidence of granular Made Ground lenses between
0.2 to 0.6m thick. Glacial Till was encountered below the Made Ground and comprised stiff, locally
very stiff clay. The base of the Glacial Till was encountered in one location only, CP01 at 8.10m bgl
(CP02 reached 10m bgl with no observation of bedrock).

Bedrock comprising the Scottish Middle and Upper Coal Measures Formation was potentially
encountered in one of the exploratory hole locations (CP01) at a depth of 8.10m bgl.

Groundwater was recorded during the investigation monitoring events between 0.34m to 9.71m bgl.

Geotechnical

Based on the recorded ground conditions and the nature of the proposed development, the following
ground engineering actions/solutions are provisionally considered appropriate:

¡ The site is within a surface area that could be affected by underground mining of eight coal
seams at depths between 60m and 260m, last worked in 1886, and there is also the risk of
encountering unrecorded mine shafts during the redevelopment works. Ground movement due to
coal mining activity associated with these workings should have stopped by now.

¡ Further plot specific investigation would be prudent to support detailed substructure and external
works design.

¡ Spread foundations bearing within competent Glacial Till may prove suitable to support the two-
storey houses and flats. Additional deepening of foundations may be required where softened
soils are encountered, or foundations are within the influence zone of trees.. Alterative
foundations may be required where depths of Made Ground are excessive. Such foundations
may comprise reinforced strips/rafts on re-engineered ground, the use of vibro replacement stone
columns, or piles.

¡ Due to the significant presence of Made Ground, ground bearing floor slabs are unlikely to be
suitable. It is recommended allowance is made for suspended ground floor construction.

¡ An earthworks specification may be required pending confirmation of finished levels.
¡ Any obstructions associated with the historical site usage will need appropriate treatment.
¡ The stability of soils should not be relied upon in open excavations and appropriate temporary

works will be required.
¡ A Design Sulphate Class of DS-1 and Aggressive Chemical Environment for Concrete (ACEC)

class of AC-1 is considered appropriate for below ground concrete design.
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Contamination

¡ Human Health: Asbestos in 4 of 246 samples- Where asbestos in soil is identified on-site a
detailed quantitative risk assessment is required to determine lifetime excess cancer risks and
whether or not intervention is necessary. Exceedances of benzene (TP17 at 1.00mbgl-
0.23mg/kg) recorded within Glacial Till; and lead (TP07 at 0.20mbgl- 208mg/kg and TP11 at
0.15mbgl- 142mg/kg) recorded within topsoil deposits. The marginal exceedance of lead in TP07
and TP11 should be investigated further with delineation being undertaken on site.

¡ Water Environment: Minor to moderate exceedances of EQS/RPV were recorded in leachate
and groundwater; however, these are not considered significant in the context of the site setting.

¡ Ground Gas: Gas monitoring has recorded ground gas and flow rates at concentrations that will
not require gas protection measures over and above standard construction techniques.

Risk Evaluation

Risks during Constructions: To support the redevelopment of the site, preparation and
enabling works will be required and this will result in the excavation and movement of Made
Ground and fill materials which contain asbestos containing materials (ACMs), hydrocarbons and
metals. Protection of construction workers and neighbouring site occupiers will require
consideration particularly from risks associated with inhalation of dust and fugitive emissions.
Given the noted presence of ACMs in the Made Ground at the site, WSP recommends that site
works are planned in consultation with a licensed asbestos consultant/contractor to assist in
ensuring that appropriate measures are put in place during construction in accordance with the
Control of Asbestos (CAR) Regulations.

¡ Risks to Future Site Users: Given the nature of the proposed redevelopment, future site users
will not be at risk from site contamination (PAHs, metals and asbestos), provided that suitable
barriers to direct exposure are put in place. The placement of hardstanding and building
foundations is considered suitable to prevent exposure to these contaminants and no additional
mitigation would be required for such areas. Based on the type and concentration of asbestos
fibres recorded, a detailed quantitative risk assessment (QRA) is required to determine lifetime
excess cancer risks and whether or not intervention is necessary. Similarly, delineation around
TP07 and TP11 is suggested to understand the full extent of lead contamination on site.
Notwithstanding the above, a 300mm clean cover layer is proposed for garden/landscaped areas
where Made Ground is present, as Made Ground is not likely to be a suitable growing medium
based on its physical properties. Pending the outcome of asbestos QRA and lead delineation,
then clean cover may require an increase in thickness. It is currently considered that ground gas
ingress will not require mitigation in the form of gas protection measures.

¡ Risks to Water Supply Pipes: Based on the current data, construction of water supply pipes
could include either Barrier Pipe or Wrapped Steel subject to confirmation of proposed pipe
routes and agreement with Scottish Water.
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1 INTRODUCTION

1.1 TERMS OF REFERENCE
WSP was instructed by CCG (Scotland) Limited (the Client, CCG) to undertake a geo-environmental
ground investigation at land at Gibb Street, Chapelhall (the site).

Work reported herein was undertaken in accordance with our proposal dated April 2021 (ref. New
Build Housing –Gibb Street Chapelhall. Site Investigation Works Package, HO NB 20 705).

The site is located at National Grid Reference 277874, 663029, with a site location plan and a site
boundary plan included as Figure 1 and 2, Appendix A.

It is understood that the reporting contained herein will be used to assist CCG for design purposes
and to support all necessary statutory planning requirements and warrant applications associated
with the redevelopment of the site, noting that additional works may be required to satisfy interested
parties.

The aim of the intrusive ground investigation was to assess ground conditions and undertake both
geo-environmental and geotechnical assessments of the strata encountered to aid the design of the
proposed residential development.

1.2 DEVELOPMENT PLANS
A proposed development plan is included in Appendix B and indicates the site will be redeveloped
with a total of 41 housing units comprising a mixture of cottage flats, houses, and bungalows with
access roads, footpaths, communal soft landscaping, with a Sustainable Drainage System (SuDS)
in the north of site.

1.3 PROJECT SCOPE
To assist in meeting CCG’s aims, the scope of the project comprised:

Intrusive investigation reported herein:

¡ Review of existing WSP Desk Study;
¡ Site investigation fieldwork (including site walkover, utilities clearance, general intrusive works

and asbestos sampling investigation);
¡ Laboratory analysis of recovered soil and groundwater samples;
¡ A total of 7 groundwater and ground gas monitoring visits;
¡ Generic quantitative risk assessment (GQRA) of potentially sensitive receptors with respect to

ground and groundwater contamination;
¡ Refinement of preliminary conceptual site model (CSM) that was developed in the WSP Phase 1;
¡ Provision of outline engineering solutions for the proposed structures; and,
¡ Provision of recommendations with respect to the management and mitigation of any potential

ground contamination constraints or liabilities which are identified.

Interpretative geo-environmental and geotechnical aspects only are reported herein for the site.  It is
noted that a separate factual report on asbestos sampling and testing will be provided under
separate heading in due course.

This report should form part of the Health and Safety File for the site.
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1.4 LEGISLATIVE CONTEXT AND GUIDANCE
The assessment was undertaken in the legislative context of:

¡ Part 2A of The Environmental Protection Act (1990); and,
¡ Scottish Government Planning Advice Note 33 (PAN33).

The following good practice and statutory guidance was considered, and the assessment was
undertaken in general accordance with:

¡ Environment Agency Land Contamination Risk Management (LCRM) 2020;
¡ British Standard ‘Investigation of Potentially Contaminated Sites – Code of Practice’, BS EN

10175:2011+A2:2017;
¡ Defra ‘Environmental Protection Act 1990: Part 2A Contaminated Land Statutory Guidance’,

PB13735 (2012); and,
¡ British Standard ‘Code of Practice for Ground Investigation’, BS 5930:2015+A1:2020.

1.5 REPORT STRUCTURE
The report is structured to provide a focussed assessment on soil and groundwater conditions on
the site and the associated geotechnical and geo-environmental conditions.  Detailed information on
the site works undertaken and scope of the investigations supporting this appraisal are presented in
within Appendix D.

1.6 SOURCES OF INFORMATION
Information from the following previous desk study has been included in Sections 2 to 3 of this
report:

¡ WSP UK Ltd Gibb Street, Chapelhall, Geo-environmental Preliminary Risk Assessment,
Ref:70084864/001, Issue 1, dated: May 2021 [Ref. 1]

1.7 CONFIDENTIALITY STATEMENT AND LIMITATIONS
This report is addressed to and may be relied upon by the following parties:

¡ CCG (Scotland) Limited

This assessment was prepared for the sole use and reliance of the above-named party.  This report
was prepared in line with the WSP proposal and associated notes.  This report shall not be relied
upon or transferred to any other parties without the express written authorisation of WSP.  No
responsibility will be accepted where this report is used, either in its entirety or in part, by any other
party.

Note that where this report summarises information provided from external sources, WSP cannot
offer any guarantees or warranties for the completeness or accuracy of information relied upon.

General limitations of this assessment are included in Appendix E.
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2 DESK STUDY SUMMARY

An understanding of the site and its setting is presented within the following reference:

¡ WSP UK Ltd Gibb Street, Chapelhall, Geo-environmental Preliminary Risk Assessment,
Ref:70084864/001, Issue 1, dated: June 2021.

Salient points from this report are presented below to provide the reader with appropriate context to
the reporting presented herein.  For a full understanding the reader is directed to the original
reporting listed.

Table 2-1 - Summary Desk Study Information

Subject Summary Description

Site address Gibb Street, Chapelhall, ML6 8UG

National Grid
Reference

277874, 663029 (approximate site centre)

Site Location The site is located approximately 300m west of Chapelhall town centre, within a
predominantly residential area. The North Calder Water is located ~400m west, with
Shotts Burn ~590m east of site.

Site Size 1.62 hectares

Current site use Maintained grassland (public open space).

Topography Gently sloping down to the north and south from the centre of site, with a plateau and
steeper slope in the west, and local hummocks in the north. Raised portion in the
western side of the site sloping downhill towards the central portion.

Surrounding Land
Use

The site is bound by the rear gardens of the residential properties on Gibb Street,
Aitkenhead Road, and George Street to the east, with a play park and multi-use
sports court in the northwest. A small commercial shop is also present in the north-
western corner, with an adjacent electrical substation. A smaller electrical substation
is present 10m to the south west of the site.

Site History

The site comprised agricultural fields until c.1898 when much of the site was
occupied by railway lines and associated cuttings which remained until c.1968. By
1990 a footpath occupied the former cutting area. No further development has taken
place to the present day.

The surrounding area has been occupied by various pits and heaps, multiple railway
lines and railway land, residential developments and schools.

Regulatory
Database Review /
Consultations

¡ On site and within 50m land uses include cuttings, sidings, and railway signal
works. Multiple refuse and unspecified heaps are present from 59m of the site,
with various railway land features. A depot, multiple shale tips and coal pits,
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Subject Summary Description

smithies, unspecified works, steel works, and an industrial estate are also present
within 250m.

¡ Unspecified tank 382m south.
¡ Historical electrical substation 238m north-east.
¡ Depot 134m north-east, garages 230m or greater east, south and north.
¡ Surrounding area: electricity substations, 10m south-west, 51m and 244m north-

east, motorbike garage 126m east, tank and depot 158m and 188m north, vehicle
hire units 222m and 247m south-east.

Geology

The superficial geology underlying the site is likely to comprise localised areas of
Made Ground associated with the previous use of the site, overlying Glacial Till
Deposits.

Solid geology is documented as the Scottish Middle and Upper Coal Measures
Formation comprising sandstone, siltstone, mudstone and seatearth in cyclical
sequences.

The site is known to lie within a low probability radon area, where less than 1% of
homes are above the Action level.

Hydrogeology The site is underlain by the Glasgow and Motherwell groundwater body, classified as
of Poor quality, and as a Moderately Productive Aquifer (Class 2B).

Hydrology North Calder Water is located c.400m the north west of the site. The Shotts Burn is
location ~550m to the north east.

A site location plan and site boundary plan are presented as Figures 1 and 2, Appendix A.

2.1 PRELIMINARY COAL MINING RISK ASSESSMENT
As indicated above, the site is underlain by the Scottish Middle and Upper Coal Measures
Formation.  These strata typically comprise cyclical sequences of sandstones, mudstones and
siltstones with seatearths and numerous coal seams.

Reference to the Coal Authority’s (CA) Interactive Map Viewer online shows the site is within a CA
reporting area and highlights the following pertinent information:

¡ The site is not within a Development High Risk Area;
¡ No coal outcrops, past/probable shallow coal mine workings, or past/current surface mining are

present on site.

A Coal Authority CON29M Coal Mining report was obtained for the site (included in Appendix C)
and indicated the following:

¡ The site is within a surface area that could be affected by underground mining of eight coal
seams at depths between 60m and 260m, last worked in 1886. Ground movement due to coal
mining activity associated with these workings should have stopped by now.

¡ Review of the Consultants Coal Mining Report (ref. 51002235972001) obtained by RSK as part of
a previous investigation, and reviewed as part of the Preliminary Geo-environmental Risk
Assessment [Ref. 1] highlighted eight coal seams beneath the main development site (as shown
in Figure 2) at depths between 105m and 260m, last worked in 1886.
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¡ The site is not within a surface area that could be affected by present underground mining, nor in
an area where the CA has received application for, is currently considering, or has already
granted a licence to remove or work coal underground.

¡ The site is not within an area likely to be affected by planned future underground coal mining,
however it is noted coal reserves exist locally that may be worked in the future.

¡ No notices under section 46 of the Coal Mining Subsidence Act 1991.
¡ The CA note no recorded coal mine entries on or within 20m of the site, however, note there may

be unrecorded entries in the local area not included on CA records.
¡ The CA is not aware of damage from faults or other lines of weakness that have been affected by

coal mining.
¡ The site is not within the boundary of a historic opencast coal mine, within 200m of a current

opencast coal mine, nor within 800m of an opencast mine that has been applied for or been
granted a licence.

¡ The CA has not received a damage notice or claim for the site, or any within 50m, since 31
October 1994. There are currently no stop notices, and the CA is unaware of any requests for
preventive works before coal is worked under section 33 of the Coal Mining Subsidence Act
1991; and,

¡ The site has not been subject to remedial works under the CA’s Emergency Surface Hazard Call
Out procedures;

¡ The site is not within an area where a notice to withdraw support has been given, nor where a
notice under section 41 of the Coal Industry Act 1994 has been given cancelling the entitlement
to withdraw support;

¡ The CA holds no record of mine gas emissions requiring action.

2.2 POTENTIAL SOURCES OF CONTAMINATION
2.2.1 ON-SITE

The following potential sources of contamination have been identified by WSP:

Table 2-2 - On-site Sources of Potential Contamination

APC No. APC Type Anticipated Contaminants in Soil &/or
Groundwater

APC 1 Made Ground associated with
previous development and
historical land use (railway land and
sidings, embankments and infilled
land)

Inorganic and Organic Contaminants associated with
Made Ground of unknown provenance (e.g. asbestos,
metals, hydrocarbons, ground gases)

APC 2 Deep mineworkings Inorganic and Organic Contaminants associated with
Made Ground of unknown provenance (e.g. asbestos,
metals, hydrocarbons, ground gases)

2.2.2 OFF-SITE

Table 2-3 - Off-site Sources of Potential Contamination
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APC No. APC Type Anticipated Contaminants in Soil &/or
Groundwater

APC 3 Made Ground associated with
historic surrounding development
(houses, commercial properties,
railway land, infilled ground, etc)

Inorganic and Organic Contaminants associated with
Made Ground of unknown provenance (e.g. asbestos,
metals, hydrocarbons, ground gases)
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3 GROUND CONDITIONS & GEOTECHNICAL TESTING

3.1 INTRODUCTION
WSP completed an intrusive ground investigation at the site during May 2021, the following works
were completed:

§ Window Sampling – 11th to 12th May 2021

§ Trial Pitting – 13th to 19th May 2021

§ Cable Percussion – 19th May 2021

A summary of the completed fieldworks and investigation locations rationale are summarised in
Appendix D.

3.2 SUMMARY OF ENCOUNTERED GROUND CONDITIONS
Ground conditions encountered during the ground investigation are described in this section.  The
locations of the exploratory holes are presented on Figure 3A and 3B, Appendix A and the
exploratory logs are provided in Appendix D.

A summary of typical ground conditions encountered is presented in Table 3-1.

The thickness of Made Ground deposits is shown on Figure 4 in Appendix A.
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Table 3-1 - Summary of Strata Encountered During Investigation

Stratum
Depth to Base of

Stratum (Average)
(m bgl)

Elevation of Base of Strata
(Average)
(m AOD)

Thickness (Average)
(m)

Typical Description
Exploratory Hole Locations

where Stratum was
encountered

Topsoil 0.10 – 0.40 (0.23) 131.04 – 146.62 (142.87) 0.10 – 0.40 (0.23) Soft to firm, brownish grey, slightly sandy to sandy, slightly gravelly to gravelly clay.
All, except TP01, TP04,

TP05, TP08, TP09, TP16 and
TP19

Granular Made Ground
(upper) 0.35 – 0.80 (0.58) 130.64 – 144.77 (141.46) 0.20 – 0.60 (0.33) Pinkish red to red, very gravelly, fine to coarse sand. Gravel is fine to coarse angular

to sub-rounded of various lithologies including blaes, sandstone and mudstone.
WS04, WS06, TP02, TP06,

TP13, TP15, TP17 and TP18

Cohesive Made
Ground 0.50 – 7.90 (+2.68) +127.26 – 145.32 (139.50) 0.30 – 7.70 (2.32)

Firm to stiff, slightly sandy to very sandy, slightly gravelly to gravelly clay with
occasional cobbles of sandstone. Gravel is fine to coarse angular to subrounded of
various lithologies including sandstone, concrete, slag, mudstone, ceramics, timber,

coal, clinker and blaes.

Occasional organic matter in CP02.

All, except TP14 and TP17

Granular Made Ground
(lower) 2.10 – 3.20 (2.38) 131.91 – 140.84 (137.14) 0.35 – 0.50 (0.44)

Dark grey and black very sandy fine to coarse angular gravel of various lithologies
including slag/clinker (TP03 only).

Or

Grey to greyish black and light brown or pinkish brown, gravelly clayey fine to coarse
sand with frequent cobbles and boulders of brick, sandstone and timber. Gravel is
fine to coarse angular to sub-rounded of various lithologies including sandstone,

brick, blaes, metal, ceramic and timber.

TP03, TP04, TP07 and TP09

Glacial Till +1.60 – +10.00 (+3.44) +133.66 – 145.02 (+140.89) 0.20 – +5.80 (+1.83)

Stiff, locally very stiff, mottled brown and grey gravelly slightly sandy to sandy clay
with occasional sub-rounded cobbles and boulders of sandstone. Gravel is fine to

coarse sub-angular to rounded of various lithologies including sandstone, mudstone
and coal.

WS02 – WS05, CP01, CP02,
TP10, TP11, TP14, TP16,

TP17, TP19 and TP20

Scottish Middle/Upper
Coal Measures

Formation
Not proven Not proven Not proven Light grey sandstone. CP01

*Plus (+) indicates the max depth/ level/, thickness of stratum was unproven.
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The following summarises the in-situ observations recorded during the site works.

Table 3-2 - Summary of In-situ Observations and Measurements

Exploratory Hole Depth (mbgl) Obstructions Visual / Olfactory Observations

WS01 3.00-3.30 - Slight hydrocarbon odour

WS02 3.10 Boulder or potential
bedrock

-

WS03 3.80 Hard digging -

WS05 1.80 Boulder or potential
bedrock

-

WS06 4.75 Bituminous macadam -

TP02 1.75 Possible pipe or structure -

TP02 0.40 – 0.80 - Sulphurous odour

TP03 1.75 – 2.10 - Sulphurous odour

TP08 2.30 Hard digging -

TP09 2.30 - Slight sulphurous odour

TP10 2.70 Boulder -

TP11 2.50 Boulder -

TP15 2.45 Boulder -

TP15 2.60 – 3.00 - Organic odour

TP16 2.75 Boulder -

TP17 3.20 Hard digging -

TP18 2.90 Hard digging -

TP19 2.10 Boulder -

TP20 2.25 Hard digging -
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3.2.1 MADE GROUND
Cohesive Made Ground

Cohesive Made Ground was encountered in most exploratory hole locations across the site, with the
exceptions of TP14 and TP17.

The cohesive Made Ground was described as:

¡ “Firm to stiff, slightly sandy to very sandy, slightly gravelly to gravelly clay with occasional cobbles
of sandstone. The gravel component is fine to coarse angular to sub-rounded of various
lithologies including sandstone, concrete, slag, mudstone, ceramics, timber, coal, clinker and
blaes.”

The base of the cohesive Made Ground was proven in WS02 – WS05, CP01 and CP02, TP10,
TP11, TP16, TP19 and TP20 to a maximum depth of 7.90m bgl [134.78m AOD] (CP01). Where the
base of the cohesive Made Ground was encountered, the thickness of the stratum ranged between
0.20m to 7.90m.

The thickness of the Made Ground was typically greater along the central section of the site (along
the existing footpath), typically 3 to 4m in depth and likely thicker as the depth was often unproven.
The logs along the west (WS03, WS05, TP10, TP11 and TP14) and east (WS02, WS04, TP16,
TP19, TP20 and TP21) edges of the site encountered Made Ground of typically 0.5 to 2m in
thickness.

In the cohesive Made Ground, occasional organic matter was encountered in CP02 from 0.40m to
4.20m bgl.

In-situ testing carried out within the Cohesive Made Ground and laboratory testing on recovered
samples are summarised in Table 3-3 with full laboratory certificates in Appendix D.

Granular Made Ground

Granular Made Ground was encountered in the following exploratory hole locations: WS04, WS06,
TP02 to TP04, TP06, TP07, TP09, TP13, TP15, TP17 and TP18.

Where present, granular Made Ground was identified in two distinct lenses typically within the
Cohesive Made Ground; the “upper” lens and the “lower” lens. The upper lens of granular Made
Ground, in WS06, TP02, TP06, TP13, TP15, TP17 and TP18 only, was between 0.20m and 0.60m
thick and located in the top 0.80m of ground. The stratum was described as:

¡ “Pinkish red to red, very gravelly, fine to coarse sand. Gravel is fine to coarse angular to sub-
rounded of various lithologies including blaes, sandstone and mudstone.”

The lower lens of granular Made Ground, in TP03, TP04, TP07 & TP09 only, was between 0.35m
and 0.50m thick with the base located between 2.10m & 3.20m bgl. The stratum was described as:

¡ “Dark grey and black very sandy fine to coarse angular gravel of various lithologies including
slag/clinker in TP03 only, and

¡ “Grey to greyish black and light brown or pinkish brown, gravelly clayey fine to coarse sand with
frequent cobbles and boulders of brick, sandstone and timber. Gravel is fine to coarse angular to
sub-rounded of various lithologies including sandstone, brick, blaes, metal, ceramic and timber”.

One laboratory test in accordance with BRE SD1 was undertaken on the Granular Made Ground
only (giving a result of pH of 5.83 and Water Soluble Sulphate as SO4 of 4mg/l).
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Table 3-3 - Summary of Geotechnical Testing Results for Cohesive Made Ground

Soil Parameter Results Range (Average) Number of Tests

SPT N 2 – 25, plus 2 refusals (9) 16

Moisture content (%) 17 – 20 2

Liquid Limit (%) 32 – 33 2

Plastic Limit (%) 16 – 18 2

Plasticity Index (%) 15 – 16 2

Particle size
distribution test

Gravel (%) 12 - 19 2

Sand (%) 28 – 35 2

Silt/Clay (%) 47 – 53 2

Bulk Density (Mg/m3) 2.03 – 2.16 8 [*]

Dry Density (Mg/m3) 1.69 – 1.90 8 [*]

California Bearing Ratio (Laboratory - %) 0.8 – 3.8 7

Undrained shear strength, cu (kN/m2) – UUT 60 – 76 1

Undrained shear strength, cu (kN/m2) – HSV 28 – 130 36

BRE pH 7.13 – 8.56 5

Water Soluble Sulphate as
SO4 2:1 Extract (mg/l)

12 – 169 5

Notes:

[*] Testing undertaken as part of California Bearing Ratio and Triaxial testing
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Table 3-4 - Summary of Derived Geotechnical Parameters for Cohesive Made Ground

Soil Parameter Results Range
(Average)

Derived from: Based on:

Corrected SPT N (N60) 3 – 38 (13) SPT N Skempton, 1986 1

Plasticity Clay with low
plasticity

Atterberg testing BS EN ISO 14688-2: 2018 2

Unit Weight (kN/m3) 17 – 22 (19) Soil description

Density testing

BS 8004:2015+A1:2020,
Figure 1 and 2 3

Undrained shear strength,
cu (kN/m2)

15 – 191 (67) N60 and PI

HSV and PI

Stroud, 1974 (using f1 of 5) 4

Azzouz et. al., 1983 (using µ of
0.9) 5

Effective angle of shearing
resistance, ϕ’ (°)

27 (27) PI BS 8004:2015+A1:2020, cl
4.3.1.4

California Bearing Ratio,
CBR (%)

0.8 – 10 Cu

CBR testing

Look, 2007 6

Design Sulphate Class DS-1 pH and Water
Soluble Sulphate
as SO4 2:1 Extract
(mg/l)

BRE Special Digest 1 7

Aggressive Chemical
Environment for Concrete
(ACEC) Class

AC-1

1 (Skempton, A.W. Standard Penetration Test Procedures and the Effects in Sand of Overburden Pressure,
Relative Density, Particle Size, Ageing and Overconsolidation, 1986)
2 (British Standards Institute. BS EN ISO14688-2:2018 Geotechnical Investigation and Testing - Identification
and Classificiation of Soil, 2018)
3 (British Standards Institute. BS 8004:2015 Code of Practice for Foundations, 2015)
4 (Stroud. The Standard Penetration Test in Insensitive Clays and Soft Rocks, 1974)
5 (Azzouz et. al. Corrected Field Vane Strength for Embankment Design, 1983)
6 (Look. B. Handbook of Geotechnical Investigation and Design Tables, 2007)
7 (Building Research Establishment Construction Division. Special Digest 1: Concrete in aggressive ground.
3rd Edition., 2005)
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3.2.2 SUPERFICIAL DEPOSITS - GLACIAL TILL
Soils interpreted as Glacial Till were recorded to underlie the Made Ground in WS02 to WS05, CP01
& CP02, TP10, TP11, TP14, TP16, TP19 & TP20. The possible base of the Glacial Till was
encountered in CP01 only, to a depth of 8.10m bgl [134.58m AOD].

The Glacial Till was described as:

¡ “Stiff, locally very stiff, mottled brown and grey, gravelly slightly sandy to sandy clay with
occasional sub-rounded cobbles and boulders of sandstone. Gravel is fine to coarse sub-angular
to rounded of various lithologies including sandstone, mudstone and coal”.

In-situ testing carried out within the Glacial Till and laboratory testing on recovered samples are
summarised in Table 3-4 with full laboratory certificates in Appendix D.

Table 3-5 - Summary of Geotechnical Testing Results for Glacial Till

Soil Parameter Results Range (Average) Number of Tests

SPT N 11 – 40, plus 1 refusal (9) 14

Moisture content (%) 12 – 32 4

Liquid Limit (%) 29 – 43 4

Plastic Limit (%) 15 – 25 4

Plasticity Index (%) 14 – 18 4

Particle size
distribution test

Gravel (%) 7 – 42 4

Sand (%) 30 – 35 4

Silt/Clay (%) 23 - 63 4

Bulk Density (Mg/m3) 2.12 – 2.16 3 [*]

Dry Density (Mg/m3) 1.86 – 1.91 3 [*]

California Bearing Ratio (Laboratory - %) 2.9 1

Undrained shear strength, cu (kN/m2) – UUT 52 – 152 2

Undrained shear strength, cu (kN/m2) – HSV 47 – 122 17
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Notes:

[*] Testing undertaken as part of California Bearing Ratio and Triaxial testing

Table 3-6 - Summary of Derived Geotechnical Parameters for Glacial Till

Soil Parameter Results Range
(Average)

Derived from: Based on:

Corrected SPT N (N60) 17 – 61 (33) SPT N Skempton, 1986

Plasticity Clay with low to
intermediate
plasticity

Atterberg testing BS EN ISO 14688-2: 2004

Unit Weight (kN/m3) 18 – 22 (19) Soil description

Density testing

BS 8004:2015+A1:2020,
Figure 1 and 2

Undrained shear strength, cu
(kN/m2)

42 – 306 (112) N60 and PI

HSV and PI

Stroud, 1974 (using f1 of 5)

Azzouz et. al., 1983 (using µ
of 0.9)

Effective angle of shearing
resistance, ϕ’ (°)

26 – 28 (27) PI BS 8004:2015+A1:2020, cl
4.3.1.4

California Bearing Ratio,
CBR (%)

2.9 - 20 Cu

CBR testing

Look, 2007

Undrained Shear Strength

Undrained shear strength, cu, was measured by direct hand shear vane testing, laboratory triaxial
testing, and estimated from SPT testing, as shown in Figure 4, Appendix A. Based on the results,
the following profile of undrained shear strength is considered appropriate:

cu = 50kN/m2 at 0.5m bgl, increasing linearly to 100kN/m2 at 4m bgl.

3.2.3 SOLID GEOLOGY - SCOTTISH MIDDLE COAL MEASURES
The Scottish Middle Coal Measures was encountered in one of the exploratory hole locations, CP01.
The exploratory hole was terminated at 8.25m bgl, after possibly encountering rockhead at 8.10m
bgl [134.58m AOD]. With limited material return, the stratum was described simply as a “light grey
sandstone”. CP02 reached 10 m bgl [133.66m AOD] with no observation of bedrock.

No testing was undertaken on the Scottish Middle Coal Measures.
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4 HYDROGEOLOGICAL ASSESSMENT

4.1 GROUNDWATER ENCOUNTERED DURING INVESTIGATION
The following groundwater strikes were recorded during the investigation:

Table 4-1 - Summary of Groundwater Strikes Encountered During Site Investigation

Exploratory
Hole

Depth to
Groundwater
Encountered
(Strike) (m bgl)

Elevation
Groundwater
Encountered
(Strike) (m AOD)

Depth to
Groundwater
after 20 mins
(m bgl)

Elevation of
Groundwater
after 20 mins
(m AOD)

Remarks

TP01 0.90 128.856 Not recorded Not recorded Slow seepage

TP04 1.70 135.892 Not recorded Not recorded None

TP07 2.00 140.941 Not recorded Not recorded Perched

TP15 2.10 140.711 Not recorded Not recorded Slow seepage

WS03 0.75 145.431 0.75 145.431 None

WS04 2.00 141.906 2.00 141.906 Slow seepage

4.2 MONITORED GROUNDWATER ELEVATIONS
Groundwater elevation monitoring has been undertaken on seven occasions following the site
works.  The details are provided in Appendix D and are summarised in Table 4-2.
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Table 4-2 - Measured Groundwater Elevations

Explora
tory
Hole

Minimum
Elevation/Depth

Mean
Elevation/Depth

Maximum
Elevation/Depth

Screened
Strata

Observations

m AOD m bgl m AOD m bgl m AOD m bgl

CP01 - - - - - - Made
Ground

Cohesive

Dry during
visits.

Monitoring
only

undertaken on
5 visits.

CP02 133.95 9.65 133.98 9.68 134.01 9.71 Glacial Till Monitoring
only

undertaken on
5 visits.

Borehole
damp at the
base and not
representative
of groundwater

bodies.

WS01 - - - - - - Made
Ground

Cohesive

Dry during all
visits

WS02 142.56 1.01 142.76 1.22 142.97 1.42 Made
Ground

Cohesive

Response
zone fully

flooded on all
monitoring

visits

WS03 144.24 0.34 144.78 1.40 145.84 1.94 Glacial Till Response
zone fully

flooded on all
monitoring

visits

WS04 142.60 0.80 142.91 0.99 143.11 1.31 Made
Ground

Cohesive

Response
zone fully

flooded on 5
out of 7

monitoring
visits

WS05 145.52 0.69 146.13 1.04 145.78 1.30 Made
Ground

Cohesive

None
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Explora
tory
Hole

Minimum
Elevation/Depth

Mean
Elevation/Depth

Maximum
Elevation/Depth

Screened
Strata

Observations

m AOD m bgl m AOD m bgl m AOD m bgl

WS06 - - - - - - Made
Ground

Cohesive

Dry during all
visits

4.3 HYDRAULIC GRADIENT
Average groundwater elevation was plotted based on the above results (excluding the data collected
from CP02 due to the deeper installation only being damp at the base of the hole), indicating that
groundwater is following the general topography of the site and moving towards the north east.
Groundwater plots are included as Figure 6 in Appendix A.

4.4 SUMMARY OF FINDINGS
Groundwater seepages were recorded during the site works within 6 of 29 exploratory holes, whilst
groundwater was recorded within the majority of monitoring wells during the monitoring works.
Based on the recorded groundwater levels, it is considered that groundwater is present within the
site as discrete water bodies within both the Made Ground and shallow Glacial Till, with the flow of
groundwater to the north-east towards the Shotts Burn.
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5 GEOTECHNICAL ASSESSMENT

5.1 INTRODUCTION
A preliminary development plan (Appendix B and extract below) indicates the site will be developed
with low rise housing and walk up flats, up to four storeys in height. It is assumed that these will be
of traditional load bearing masonry construction.

Preliminary Proposed Development Plan Extract

The investigations undertaken to date are considered suitable to provide an initial assessment of
geotechnical constraints and to assist with outline design.

A Geotechnical Design Report should be prepared once loads/serviceability criteria are known. This
should assist with the economic design of foundations, floor slabs, and external works and meet the
requirements set out in BS EN 1997-1:2004+A1:2013 (Eurocode 7: Geotechnical Design – Part 1:
General rules).
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5.2 EARTHWORKS
No details of cut / fill levels have been provided. However, based on the existing site topography the
land is at a higher level along the western boundary of the site, gradually sloping down towards the
footpath (historical rail line alignment) along the centre of the site in a north-south direction, lying
approximately 3 to 4m lower. The eastern edge of the site is also slightly raised above the footpath,
by approximately 1m. Therefore, some minor earthworks are anticipated. If it is proposed to raise
levels on site then detailed earthworks testing should be undertaken, and an earthworks
specification prepared to allow the soils to be classified and appropriate compaction methods and
performance criteria to be determined.

The available testing suggests the Made Ground is likely to comprise a mixture of Class 1 (General
Granular Fill), Class 2 (General Cohesive Fill) or Class 7 (Selected Cohesive Fill) as defined in
Series 600 Earthworks of the Specification for Highway Works. The testing undertaken suggests
that cohesive soils may be of poor quality and may require conditioning prior to reuse. The Glacial
Till is likely to be classified as a Class 2/Class 7 material.

A detailed Earthworks Specification will need to be prepared for use by the appointed contractor.
This should detail the findings from the additional testing, performance requirements for the fill and
the acceptability and validation testing to be undertaken during the works.

5.3 STRUCTURAL FOUNDATIONS & GROUND FLOOR SLAB
Recorded ground conditions generally comprise a layer of Topsoil up to 0.4m in thickness with
predominantly cohesive Made Ground below between 0.3 to 7.7m thick below. The thickness of the
Made Ground was typically greater along the central section of the site (along the existing
footpath/historical rail line), typically 3 to 4m in depth and likely thicker as the depth was often
unproven. Along the western and eastern edges of the site, Made Ground was encountered of
typically between 0.5 to 2m  thickness.

Within the cohesive Made Ground layer there is evidence of granular Made Ground lenses between
0.2 to 0.6m thick. Glacial Till was encountered below the Made Ground and comprised stiff, locally
very stiff clay. The possible base of the Glacial Till was encountered in one location only, CP01 at
8.10m bgl (CP02 reached 10m bgl with no observation of bedrock).

It is considered likely that, subject to the following provisions and an assessment of loading
conditions, spread foundations (strip footings or trench fill) bearing within the cohesive Made Ground
may be feasible. Similarly, if foundations encounter granular Made Ground or Glacial Till, then
spread foundations (strip footings or trench fill) is likely to be suitable for the support of conventional
two storey houses and apartments:

¡ Engineered Fill shall be well-compacted general granular fill as defined in accordance with an
earthwork specification.

¡ Based on NHBC guidance, a minimum foundation depth of 0.75m should be adopted for
foundations outside the zone of influence of trees, measured below current or proposed ground
level, whichever gives the deeper foundation. As the thickness of the Made Ground was regularly
over 2m for the majority of the site, such depths may preclude the use of spread foundations and,
following detailed geotechnical assessment, further delineation and plot specific investigations, a
piled foundation solution may be required.
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¡ Due to the significant presence of Made Ground, ground bearing floor slabs are unlikely to be
suitable. It is recommended allowance is made for suspended ground floor construction.

¡ Foundations should penetrate any softened materials. Distinguishing between reworked and
natural soils may not be easy and, given the implications of placing foundations in unsuitable soil,
all foundation excavations should be inspected by a geotechnical engineer and the shear
strength of the formation checked using a hand shear vane.

¡ Based on achieving an undrained shear strength of around 50kN/m2 at typical foundation level, a
safe bearing capacity of 100kN/m2 is considered appropriate for preliminary design purposes.
The net allowable bearing capacity used for detailed design should be determined once loadings
and serviceability requirements are known.

¡ Due to the depth of deep Made Ground, re-engineering of the ground to support reinforced
strip/semi raft type foundations may be feasible, for example dynamic compaction. Any such
works would need to be undertaken to an appropriate specification and would be subject to
approval by the relevant regulators / warranty provider (e.g. Local Council Building Regulations
department, NHBC or similar).

¡ Alterative foundations may be required where depths of Made Ground are excessive and for the
larger four storey properties. Such foundations may comprise reinforced strips/rafts on re-
engineered ground, the use of vibro replacement stone columns, or piles. Further targeted
ground investigation would be required to confirm foundation type on confirmation of the locations
of the four storey properties.

The volume change of the Made Ground and Glacial Till based on corrected PI values estimate the
volume change potential as low to negligible.

5.4 BELOW GROUND EXCAVATIONS
Whilst the Glacial Till may remain stable for short periods, the stability of any Made Ground should
not be relied upon in unsupported excavations. Zones loosened by the removal of obstructions may
be particularly unpredictable and prone to collapse. Where water-bearing layers/lenses are
encountered, or where fissures are present the excavation will significantly decrease in stability.
Safe working conditions should be ensured always where persons are required to work in any
excavations. This can be achieved using ground support or battering excavations back to a safe
angle.

The groundwater monitoring results identified groundwater between 0.7m to 1.4m bgl in the Made
Ground and 0.3m to 1.9m bgl in the Glacial Till, with the exception of CP02 (refer to Section 4.3).
Based on the ground conditions observed, shallow inflows from perched groundwater bodies within
the Made Ground should be anticipated.

Inflows into excavations for foundations and shallow services are considered unlikely to be
excessive but may be persistent, particularly during periods of inclement weather. It is anticipated
that conventional sump pumping may be adequate to deal with localised groundwater inflows.

Further reference should be made to CIRIA Report 97: Trenching Practice and the advice of a
specialist temporary works designer sought.

5.5 OBSTRUCTIONS
Several of the exploratory holes were terminated during the site works, mostly interpreted to be
bedrock. The exceptions were in WS06 where a bituminous macadam obstruction was noted at 4.75
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m depth and in TP02 where a brick or pipe structure was noted at 1.75m depth. Also, based on the
site history (a mineral railway line running north to south with sidings) it is possible there are other
obstructions present. In addition, services for the existing surroundings buildings may be present.
Appropriate strategies should be put in place and allowances made in budget costings to mitigate
their impact.

5.6 PAVEMENTS
Based on current ground levels Made Ground and Glacial Till will form the subgrade over most of
the area.

During construction the exposed subgrade should be proof rolled, inspected by an engineer and any
unsuitable soils removed and replaced with well compacted granular fill. If encountered, any sub
structure remains / obstructions should be “grubbed out” to a minimum depth of 500mm below the
underside of the formation to prevent hard spots from forming. Following proof rolling and the
appropriate treatment of any soft spots, confirmatory in situ CBR tests should be undertaken to
confirm design values and inform pavement design.

It is anticipated that the cohesive soils will soften on exposure to inclement weather. The contractor
should undertake all necessary steps to protect the formation, which may include, but not be
restricted to, one or more of the following:

¡ Shaping the formation to falls to prevent surface water ponding;
¡ Avoid the trafficking of the formation;
¡ Placing subbase as soon as practicable; or,
¡ Leaving the formation slightly high until capping and/or subbase is ready to be placed and

trimming immediately in advance of stone placement.

5.7 DRAINAGE
Based on the cohesive nature of the Glacial Till and the variable and shallow recorded groundwater
levels, it is considered unlikely that traditional infiltration / soakaway drainage will be feasible for the
site.

5.8 CHEMICAL ATTACK ON BURIED CONCRETE
The ground investigation included analysis of soil to determine the sulphate content (SO4) and pH
value from which the classification for buried concrete can be determined. Based on the current
analysis and guidance given in BRE Special Digest 1: Concrete in Aggressive Ground, a Design
Sulphate Class of DS-1 and Aggressive Chemical Environment for Concrete class of AC-1 is
considered appropriate for the site.

It should be noted that this assessment is based on a limited number of samples (in the Made
Ground only) and further testing should be undertaken to confirm values.

5.9 GEOTECHNICAL RISK REGISTER
A Geotechnical Risk Register is presented in Section 9.2
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6 CONTAMINATION QUANTITATIVE RISK ASSESSMENT

6.1 INTRODUCTION
Following the tiered approach which is described in LCRM 2020, this section provides a Generic
Quantitative Risk Assessment (GQRA) of those contaminant linkages that were determined to be
plausible in the refined CSM.

6.2 HUMAN HEALTH RISK ASSESSMENT
6.2.1 RATIONALE

The Department for Environmental Food and Rural Affairs (Defra) and the Environment Agency (EA)
have published a limited number of Soil Guideline Values (SGVs) for a series of generic land use
scenarios which follow the Contaminated Land Exposure Assessment (CLEA) methodology.  Where
SGVs are not available, WSP has derived a set of Generic Assessment Criteria (GAC) for the CLEA
generic land use scenarios using the CLEA Workbook v1.071 Excel modelling tool.  Further details
on the assumptions and methodologies adopted by WSP are provided in Appendix F.

The soil chemical data has been compared against an end use GAC for a 2.5% Soil Organic Matter
(SOM) content based on a review of SOM results (average SOM 4.62%).  The GAC applied were for
a residential with plant uptake end use.

For some contaminants of concern, direct contact will be the dominant pathway for exposure.  To
support development options, human exposure to all unsaturated soils, irrespective of depth, was
assumed possible for the purpose of this assessment.  This will maximise the information available
to the design team on the suitability of all the unsaturated material and can support with materials
management options.

6.2.2 ASSESSMENT OF RISKS TO SITE USERS AND NEIGHBOURS
6.2.2.1 Soil Chemical Assessment

The results of our analysis for a range of inorganics and organic compounds in shallow soils were
compared directly to generic assessment criteria (GAC) based on a residential with plant uptake end
use.  Full laboratory testing including chemical screening data are provided in Appendix D.  A
summary of exceedances is provided below.  Note: only those contaminants recording exceedances
are included.

Table 6-1 - Summary of Recorded Contaminant Exceedances – Residential
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Benzene 0.090 0.071 0.18 0.23 0.23 0.23 0.18 3 1 TP17
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Analyte Made Ground Natural Ground
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Lead 13.8 59.4 208 25.3 25.3 25.3 134 22 2 TP07, TP11

As noted above, the exceedances detected were in TP07 (Lead at 0.20m in Topsoil), TP11 (Lead at
0.15m in Topsoil ) and TP17 (Benzene at 1.00m within Glacial Till Deposits).

It is noted that the lead exceedances were recorded within Made Ground topsoil in the central and
eastern portion of the site.  The topsoil is descried as a sandy gravelly clay with inclusions of
sandstone, mudstone and blaes.  No obvious source of this lead contamination has been identified,
and it is noted that exceedances of lead were not recorded within samples obtained from similarly
described strata in the surrounding area.

The British Geological Survey has derived ‘normal’ background concentrations for lead for England
and Wales.  In England the ‘normal’ background concentrations of lead are 180mg/kg for the
‘principle’ domain, 2,400mg/kg for the ‘mineralisation’ domain, and 820mg/kg for the ‘urban’ domain.
Meanwhile, point data for lead concentrations in Scottish topsoil is available on a 10km grid.  The
closest data suggests lead concentrations of approximately 26.6ppm (26.6mg/kg ).

Many of the site results reside within normal anticipated background concentrations, though the
recorded exceedances appear to be an order of magnitude above anticipated background
concentrations in natural topsoil.

When compared to the Department for Food, Environment & Rural Affairs (Defra) published
Category Four Screening Levels (C4SL) for lead (200mg/kg), only the result from TP07 (208mg/kg)
is marginally in excess of the C4SL and based on current development plans for the site will be in an
area of proposed hardstanding which will reduce the contaminant pathway.  Implementing remedial
measures across all areas where GAC exceedances were recorded may therefore be
overconservative based on low risk principles, with a delineation exercise being more appropriate to
understand the extent of lead in Made Ground topsoil around TP07 if proposed development plans
were to be updated.  Further delineation is suggested around TP11 for the marginal GAC
exceedance (142mg/kg) as this location is in an area of proposed plot garden, to determine to extent
of lead impact and whether the recorded exceedance is representative of an outlier.

Furthermore, the GAC applied above are conservatively based on 100% bioavailability of lead in
soils contributing to the uptake and dose in the GAC.  Precautionary correction of the oral exposure
pathway in CLEA may be made by bioaccessibility testing giving a GAC based on less conservative
bioavailability parameters.  Note the C4SL value assumes a lesser and more reasonable
bioavailable fraction (0.6) generating a screen of 200mg/kg.  Bioavailability testing can be
implemented to give confidence of low risk, or a precautionary approach may be applied whereby a
cover.

The exceedances of benzene in TP17 is located under proposed areas of hardstanding for footpaths
or plot driveways which would sever the contaminant pathway and is therefore not considered a risk
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to human health under current development plans and no further assessment is considered
warranted.

These recommendations are based on the current site development plan provided and should be
reviewed once development plans for the site are finalised to ensure all assessments are still valid
for the site.

6.2.2.2 Hydrocarbons

Although no exceedances were recorded for individual fractions during the site works. Current
guidance deems it appropriate to consider cumulative effects where contaminants may have an
additive effect on the same organ. This Hazard Index (HI) approach is therefore normally applied to
petroleum hydrocarbons for individual samples as follows:

=  =  

Where:

HQ = hazard quotient

Fi = hydrocarbon fraction i

CFi = concentration of fraction i

GACFi = GAC of fraction i

Full calculations may be viewed in Appendix D.

TPH HI exceeded unity within WS01 at 3.10mbgl (1.18) with the HI exceedances being dominated
by the high-end aromatic fractions. fractions (C21-C44).  As noted on the boreholes logs from WS01
(Appendix D), the Made Ground strata between 3.00 – 3.30m contained a band of bound macadam
gravel and tar which had an associated hydrocarbon odour which was not encountered in any of the
other surrounding intrusive locations.

Given the depth to the exceedance and the potential pathway being via direct contact, the risk to
human health at this location is considered low under current development plans.

These recommendations are based on the current site development plan provided and if cut and fill
is proposed at this location, further assessment will be required to ensure all assessments are still
valid for the site.

6.2.2.3 Asbestos in Soil Assessment

A total of 246 soil samples, of which 29 were obtained during the main intrusive investigation, with
the remainder obtained during a separate asbestos sampling investigation (which will be provided
under separate cover in due course), were screened for the presence of asbestos containing
materials.  A summary of positive detections is provided in the table below with samples F1 and L5
being collected and reported on under a sperate cover.  A figure showing positive asbestos
identifications is included in Appendix A.
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Table 6-2 - Summary of Asbestos Detections

Exploratory Hole Depth (mbgl) Stratum Fibres detected? Fibre type

F1 0.00-0.60 Made Ground Yes Chrysotile; fibre bundles
in soil

L5 0.00-0.60 Made Ground Yes Chrysotile;trace

CP01 2.20 Made Ground Yes Chrysotile; fibre bundles
in soil

WS04 0.45 Made Ground Yes Chrysotile; soil containing
material typical of
asbestos millboard and
loose fibres.

At the Client’s request, the above samples were subsequently scheduled for quantification of
asbestos fibres as summarised in the following table.

Table 6-3 - Analytical Asbestos Testing Quantification Summary

Exploratory
Hole

Depth
(mbgl)

Stratum Gravimetric
(%)

Phase
Contrast
Microscopy
(PCM) (%)

Total
(%)

Analyst
Comments

F1 0.00-
0.60

Made Ground <0.001 <0.001 <0.001 No comment

L5 0.00-
0.60

Made Ground <0.001 <0.001 <0.001 No comment

CP01 2.20 Made Ground <0.001 <0.001 <0.001 No comment

WS04 0.45 Made Ground 0.2307 <0.001 0.2307 No comment

The first authoritative guidance on dealing with asbestos in soils was published in by CIRIA in 2014
(Asbestos in Soil and Made Ground: a Guide to Understanding and Managing Risks).  This
guidance sets out best practice guidance and further raises awareness of the importance of
asbestos in soils.  Additional guidance was published by CIRIA in 2017 (C765 - Asbestos in Soil and
Made Ground Good Practice Site Guide).  The industry’s implementation of CIRIA’s recent guidance
is in progress and there remains uncertainty over actual risks from low levels of exposure; however,
in the interim the following primary points are noted:

¡ There is no safe minimum threshold for asbestos (CIRIA specifically states the previously
published (ICRCL) threshold of 0.001% by weight is not to be used as a screening value);

¡ Where asbestos in soil is identified on-site, a detailed quantitative risk assessment is required to
determine lifetime excess cancer risks and whether or not intervention is necessary; and
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¡ These detailed risk assessments should be informed by multiple lines of evidence (e.g. different
types of laboratory testing, some of which are not widely available).

In addition to the above recent changes in the legislation and guidance relating to the assessment of
risks associated with asbestos have highlighted the “zero threshold” nature of this common
contaminant (i.e. it is theoretically possible that even one fibre of asbestos could result in significant
health impacts for example through inhalation).  Therefore, a formal assessment of the risks
associated with asbestos containing materials is only possible through the completion of a specific
asbestos investigation undertaken by suitably qualified asbestos surveyors.  Whilst such an
assessment has not been completed as part of the current phase of investigation as noted above,
sampling and analysis for asbestos has been completed to assist in clarifying the potential
significance of this issue at the site and inform the subsequent decision-making process.  Asbestos
containing materials have been identified at the site.  Therefore, this issue will require consideration
in terms of the ongoing ownership and management of the site.  Based on the conditions identified
to date the following points are highlighted:

¡ The presence of asbestos in shallow materials could result in exposure to workers (particularly in
excavations). Appropriate PPE should therefore be adopted at all times when such works are
being undertaken;

¡ Asbestos containing materials were identified at near surface level, resulting in the potential for
exposure through wind borne dust etc. Additionally, the potential for in-ground works to
disturb/expose asbestos or for asbestos to be present in other areas of the site not sampled as
part of the completed investigations should be considered;

¡ Should any soils be removed from the site appropriate waste characterisation information should
be available to assist in ensuring that the waste is appropriately characterised for disposal (where
necessary at a licensed asbestos disposal facility).

In terms of this site, the majority of detections recorded are noted to be located within the western
half of the site, with a single detection recorded in the eastern half.  In review of our findings for this
site specifically:

¡ Asbestos fibres were recorded in 4 of the 246 samples tested (~1.6% of samples);

¡ Quantification where detected indicates the concentration to be less than 0.001% by weight in 3
of 4 samples, comprising chrysotile;

¡ The remaining detection returned a concentration of 0.2307%, comprising chrysotile;

¡ Three positive asbestos detections (L1, F5 and WS04) are located within areas of existing soft
landscaping which may not limit fibre mobilisation. One positive detection in CP01 at 2.20m bgl is
located within a garden plot. Given the depth of the detection and the proposed cut and fill on
site, the area may be raised to a level where a plausible pathway may be established.

The management of asbestos risks should be considered for any future redevelopment works in
potentially affected areas as further asbestos containing materials may be present at the site
including at shallow/surface levels.  When detections are recorded on a site, WSP notes that
drawing conclusions with regards to the distribution, and assessing the associated risks, can be
difficult due to the following issues:
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¡ Asbestos does not always conform to a normal spatial distribution in comparison with chemical
contaminants where concentrations generally diminish with distance from a central source area.

¡ In standard soil sampling, asbestos is either present or not in a given soil sample; however, non-
detection in one location does not preclude it from being present in an immediately adjacent
location.

¡ While statistical assessment is suitable for a population of quantified contamination results, it is
inadvisable to apply statistical assessment to a limited dataset of asbestos in soil results, again
due to its tendency to not follow a normal spatial distribution as discussed above.

¡ Contemporary guidance is based on the premise that there is no “safe” exposure level with any
exposure increasing the receptor’s lifetime cancer risk. Consequently, more conservative risk
assessment approach is required.

Further comment on human health related impacts of asbestos are provided in section 7.

6.3 WATER ENVIRONMENT RISK ASSESSMENT
6.3.1 RATIONALE

The generic water environment risk assessment was conducted in accordance with the principles of
Environment Agency ‘Remedial Targets Methodology: Hydrogeological Risk Assessment for Land
Contamination’ 2006 (EA, 2006) and ‘prevent and limit’ approach of the Water Framework Directive
(2000/60.EC).  Generic water environment risk assessments compare directly measured
concentrations with standard assessment criteria.  In this case the following assessments were
undertaken:

¡ Level 1 – evaluates the concentrations of chemicals within the pore-water in the unsaturated
zone of source area soil, in this case soil leachate analysis.

¡ Level 2 – evaluates the concentrations of chemicals within the saturated zone immediately
underlying a source area i.e. taking dilution and attenuation into account, in this case
groundwater analysis.

Appropriate Water Quality Standards (WQS) are selected based on both a hierarchy of relevance to
Scotland and the receptor.  In this case, the water environment receptors identified in the CSM were
the underlying (Glasgow and Motherwell) bedrock aquifer, the North Calder Water and the Shotts
Burn, located c.400m west of the site. Consequently, the following hierarchies of WQS were
considered to be appropriate:

Aquifers

¡ Scottish Environment Protection Agency (SEPA) Resource Protection Values (RPVs) from
Position Statement WAT-PS-10-01: Assigning groundwater assessment criteria for pollutant
inputs;

¡ UK Drinking Water Quality Standards (DWS) from The Water Supply (Water Quality) Regulations
2000 (amended 2004);

¡ World Health Organisation Guidelines for Drinking Water Quality, Fourth Edition, Volume 1
(2011); and,

¡ World Health Organisation Petroleum Products in Drinking Water (2008).
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Surface Waters

¡ SEPA Environmental Quality Standards (EQS) from Supporting Guidance WAT-SG-53:
Environment standards for discharges into surface waters;

¡ The Scotland River Basin District (Surface Water Typology, Environmental Standards, Condition
Limits and Groundwater Threshold Values) Directions 2009.

Hardness, pH and dissolved organic carbon within surface waters can affect the bioavailability of
copper, manganese, nickel and zinc.  Site-specific EQS may be derived using the WFD-UKTAG
metal bioavailability tool (m-BAT3).  No surface water was sampled so a bioavailability of 100% was
assumed to maintain conservatism.

Tables 6-4 to 6-7 present an assessment of the analytical data, and the laboratory certificates of the
chemical analysis are provided in Appendix D.

6.3.2 RISKS TO AQUIFER
Level 1 Assessment – Leachates

The following exceedances of the RPV were recorded in soil leachate:

Table 6-4 - Summary of Leachate RPV Exceedances

Contaminant RPV (µg/l)
Locations Failing Groundwater RPV (µg/l)

TP12 (0.3m)

Lead 10.0 16.1

Level 2 Assessment – Groundwater

The following exceedances of RPV were recorded in groundwater:

Table 6-5 - Summary of Groundwater RPV Exceedances

Contaminant RPV (µg/l) Locations Failing Groundwater RPV (µg/l)

WS02 WS03 WS04 WS05

Benzo(a)pyrene 0.010 0.012 0.098 0.043 0.54

Summary Aquifer Screening

¡ Single, localised and minor exceedance of RPV noted for lead in soil leachate (TP12).
¡ Minor to moderate exceedances of RPV recorded in groundwater for benzo(a)pyrene.
¡ While elevated lead was recorded from soil leachates in TP12, recorded lead concentrations

were below assessment criteria in groundwater samples. As such, there is no evidence of a
contemporary soil to groundwater pollutant linkage for this contaminant.
While elevated benzo(a)pyrene was recorded in four groundwater samples, recorded
benzo(a)pyrene concentrations were below assessment criteria in soil leachate samples. As



GIBB STREET, CHAPELHALL WSP
Project No.: 70084864 | Our Ref No.: 70084864/002 August 2021
CCG (Scotland) Limited Page 29 of 58

¡ such, there is no evidence of a contemporary soil to groundwater pollutant linkage for this
contaminant.

Further commentary on possible groundwater risks are presented in Section 6.3.4.

6.3.3 RISKS TO SURFACE WATERS
Level 1 Assessment – Leachates

The following exceedances of the EQS were recorded in soil leachate:
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Table 6-6 - Summary of Leachate EQS Exceedances

Contaminant EQS (µg/l) Locations Failing Groundwater RPV (µg/l)

TP02
(0.45m)

TP03
(0.30m)

TP06
(0.30m)

TP08
(0.30m)

TP12
(0.30m)

TP15
(0.30m)

TP17
(0.15m)

CP01
(0.60m)

Chromium 4.70 - - - - 4.84 - - -

Copper+ 1.00 3.14 - - 4.01 7.45 - 5.26 -

Lead+ 1.20 1.85 - - 3.08 16.1 - 4.07 -

Nickel + 4.00 - - - - 4.77 - - -

Zinc+ 11.9 - 27.7 143 578 56.2 17.4 - 102

+assumes 100% bioavailability
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Level 2 Assessment – Groundwater

The following exceedances of EQS were recorded in groundwater:

Table 6-7 - Summary of Groundwater EQS Exceedances

Contaminant RPV (µg/l) Locations Failing Surface Water EQS (µg/l)

WS02 WS03 WS04 WS05

Aromatic C21-C35 0.0002 12 82 23 -

Copper+ 1.00 - - 1.02 1.68

Nickel+ 4.00 - 6.95 13.3 -

Benzo(a)pyrene 0.0002 0.012 0.098 0.043 0.54

Fluoranthene 0.006 0.03 0.14 0.068 0.63

+assumes 100% bioavailability

Summary Surface Water Screening

¡ Minor to moderate exceedances of EQS for chromium, lead and zinc noted within soil leachates,
but not within groundwater, suggesting no contemporary linkage between soils and groundwater
for these contaminants.

¡ Minor to moderate exceedances of EQS for copper noted within soil leachates and groundwater
suggesting a possible linkage between soils and groundwater for copper.

¡ Minor to moderate exceedances of EQS for nickel noted within soil leachates and groundwater
suggesting a possible linkage between soils and groundwater for nickel.

¡ Minor exceedances of EQS noted in groundwater for benzo(a)pyrene and fluoranthene, but not
within leachates, suggesting no contemporary linkage between soils and groundwater for these
contaminants.

¡ Minor to moderate exceedance of EQS for Aromatic C21-C35 noted in groundwater but not within
leachates, suggesting no contemporary linkage between soils and groundwater for this
contaminant.

Further commentary on possible surface water risks are presented in Section 6.3.4.

6.3.4 ASSESSMENT
Following SEPA Position Statement WAT-PS-10-01, Assigning Groundwater Assessment Criteria
for Pollutant Inputs (2010), the following assessment should be carried out for potential pollutant
linkages to the water environment:

1. Assess which receptors (including surface / coastal waters, wetlands, potable water extractions,
and future drinking water potential) may be affected by contamination sources.

2. For potential pollutant linkages, assess contaminant concentrations against relevant screening
values at the recommended assessment point, taking into consideration mixing and upstream /
upgradient concentrations, where appropriate.
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3. Evaluate whether remedial measures would be either disproportionately costly, a risk to other
receptors, or cause deterioration of the natural environment.

The table below provides an assessment of receptors and associated pollutant linkages requiring
further assessment.

Table 6-8 - Water Environment Receptor Assessment

Potential
Receptor

Criteria Potential Linkage Consequence

Surface Waters,
Coastal Waters,
Wetlands

Receptor within 250m of
site if minor exceedances
noted, within 500m if
significant contaminant
sources are present

No. North Calder Water located
400m west and downgradient of
site.

Minor to moderate,
localised EQS
exceedances not
considered significant
in context of site
setting.
No further assessment
required.

Potable Water Identified potable water
well within 250m of site if
minor exceedances noted,
within 500m if significant
contaminant sources.

No. No potable water extractions
identified in Desk Study works.

No contemporary risks
to drinking waters were
identified.
No further assessment
required.

Future
Groundwater
Resource
Potential (FRP)

Underlying aquifer capable
of supplying 10m3 water
per day.

Yes. Minor to moderate
exceedances of RPV.
Further assessment
required.

Aquifer Assessment

With regards to potential risks to future resource potential (underlying bedrock aquifer), WSP notes
the following:

¡ SEPA have previously stated that superficial aquifers without 1-2m of granular materials are not
considered to have future resource potential. The drift materials encountered in exploratory holes
were predominantly cohesive materials (clays and silts). As such the superficial aquifer is not
considered to have future resource potential.

The underlying bedrock may have future resource potential, but in the context of the site setting:

¡ The cohesive soils on-site will likely limit downward migration of any impacted groundwater on-
site;

¡ Where present or planned future land-use limits the exploitation of the groundwater resource for
the foreseeable future. The most likely example is the presence of sewered urban areas, forestry,
or major infrastructure development. In this instance, the assessment point should be located at
the down gradient extent of the limiting land use, subject to a maximum distance of 250m. SEPA
considered that a distance of 250m represents a reasonable balance between the need to allow
sustainable development and the need to protect the potential future human use of groundwater.
Based on the limiting landuse in the site vicinity, dilution and dispersion of the contaminant
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concentrations observed at this site at 100m distance is likely to preclude risks to groundwater as
a potential future resource.

As such WSP considers that any remedial measures designed to be protective specifically of future
resource potential would likely be ‘disproportionately costly’ following WAT-PS-10-01.

Surface Waters

The minor to moderate EQS exceedances are not considered significant in the context of the site
setting.

Water Environment Risk Assessment Summary

Based on the available data it is considered that water environment risks are low with reference to
the following:

¡ The RPV exceedances noted are not considered significant in the context of the site setting.
¡ The EQS exceedance are not considered significant in context of the site setting.

Consequently, a low risk of degradation of the bedrock aquifer and surface watercourses from site-
derived contamination is anticipated.

6.4 GROUND GAS ASSESSMENT
6.4.1 RESULTS

Seven monitoring visits have been completed over ten weeks to date, exceeding the
typical/idealised period and frequency specified in C665 for a moderate sensitivity residential
development on a site with low gas potential (although mineworkings are recorded below the site,
given the depth and age of these, they are not considered a significant gas source, and no landfills
are recorded within 500m of the site).  A GFM435 gas monitor was used on all visits.

According to freely available historical pressure graphs obtained online (www.wunderground.com)
for a nearby weather station the atmospheric pressure was falling preceding three visits which
represents ‘worst-case’ conditions in terms of ground gas flow and generation.  The following table
summarises the gas visit dates, atmospheric pressure and pressure trend.

Table 6-9 - Ground Gas Monitoring Dates & Pressures

Visit
#

Date Pressure (mb) Pressure Trend

1 13/05/2021 992 Steady

2 21/05/2021 971 Rising

3 27/05/2021 1007 Falling

4 08/06/21 and 09/06/2021 1002 Steady

5 17/06/2021 995 Falling

6 23/06/2021 1004 Falling

7 15/07/2021 1020 Rising
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The results of the ground gas monitoring are presented in full in Appendix D.

Table 6-10 summarises the maximum recorded concentrations and flow rates monitored for each
location.  Gas Screening Values (GSVs) have been calculated for Methane and Carbon Dioxide
using steady state flow rates and maximum gas concentrations.

Table 6-10 - Ground Gas Monitoring Data

Exploratory
Hole

Steady
Flow
Rate
(lhr-1)

Max
Methane

(%v/v)

Max
Carbon
Dioxide
(%v/v)

Min
Oxyge

n
(%v/v)

Methane
GSV (per

BH)

Carbon
Dioxide

GSV (per
BH)

Flooding
status*

Additional
Comments

CP01 <0.1 <0.1 1.10 7.20 <0.0001 0.0011 0 of 4 -

CP02 <0.1 <0.1 1.00 11.30 <0.0001 0.001 0 of 4 -

WS01 <0.1 <0.1 5.70 3.40 <0.0001 0.0057 0 of 7 -

WS02 <0.1 <0.1 1.80* 14.10 <0.0001 0.0018 7 of 7 -

WS03 <0.1 <0.1 11.60* 1.83 <0.0001 0.0116 7 of 7 Maximum
initial flow of
109l/hr on
monitoring

visit 4 when
well was

fully flooded.
Flow fell to
0L/hr within

30s.

WS04 <0.1 14.20 7.20 0.00 0.0142 0.0072 5 of 7 Initial flow
104.2l/hr on
monitoring

visit 2 when
well was

fully flooded.
Flow fell to
0L/hr within

30s.
Significantly
flooded on 2
of 7 visits.

WS05 <0.1 <0.1 7.90 2.00 <0.0001 0.0079 0 of 7 Significantly
flooded on 2
of 7 visits.

WS06 <0.1 <0.1 4.80 8.00 <0.0001 0.008 0 of 7 -

*Response zone fully flooded
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6.4.2 LINES OF EVIDENCE DISCUSSION8

6.4.2.1 Gas Screening Values (GSVs)

Recent publications9,10 discuss concerns over the use of GSVs, particularly in relation to sites where
mineworkings are present, as beneath Gibb Street.  It has been identified that GSVs are not
appropriate for assessing mine gas risks on sites with complex CSMs or high-risk factors, given that
GSVs do not account for oxygen depletion risks and GSV calculations were designed to assess
boreholes with a soil response zone and do not account for gas flow through open voids/fractured
rock2.  Arguably, GSV assessments should be primarily based on judgement and are no longer
considered suitable for use as a risk assessment metric on their own, however GSVs have been
presented here as a line of evidence.

The maximum recorded concentration of carbon dioxide is 11.60%v/v, noted to be when WS04
was fully flooded.  For methane the maximum was recorded at 14.2%v/v when WS04 was
significantly flooded. Maximum initial flow rates were recorded in WS03 and WS04 of 109 l/hr and
104 l/hr respectively, however these have been discounted as the wells were flooded at the time and
flow rates were noted to fall rapidly to a steady state flow rate of 0 l/hr.  As such a flow rate of 0.1 l/hr
was used to calculate maximum GSVs for methane of 0.0142 l/hr in WS04, and for carbon dioxide of
0.0116 l/hr in WS03, equivalent to Characteristic Situation 1 (CS-1).

However, carbon dioxide has been recorded in multiple locations above 5%v/v during several
monitoring events where no flooding interference was noted, while methane was also detected
above 1%v/v on two occasions within WS04 only when significantly flooded. Based on CIRIA C665,
consideration has therefore been given to whether upgrade to CS-2 is more appropriate for this site.

Further lines of evidence and discussion are presented below.

6.4.2.2 Ternary plots

Ternary plots for unflooded boreholes have been created to help identify the possible source of
ground gases recorded to date. As WS02 and WS03 were flooded on all occasions, plots for these
boreholes have not been included. The plots have been created using the Land Quality
Management (LQM) Ternary Plot Software V 1.6 tool.

8 CL:AIRE Research Bulletin RB17 (November 2012). A Pragmatic Approach to Ground Gas Risk Assessment
9 Card, Lucas & Wilson, 2019. Risk and Reliability in Gas Protection Design – 20 years on, Ground
Engineering.
10 Wilson, Henman & Lee, 2021 (Not yet published). Technical Note – Good practice for risk assessment for
mine gas emissions.
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Figure 6-1 - CP01 (3 visits)

Figure 6-2 - CP02 (4 visits)

CP02’s response zone is installed in deeper Glacial Till deposits (5.0m to 10.0m bgl) and was not
flooded during any event, with the above plot confirming the anticipated gassing potential of the
strata as low.
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It is noted WS02 and WS03 had response zones in shallower Glacial Till strata with recorded carbon
dioxide concentrations consistently at or below 3.50%v/v, with the exception of one occasion in
WS03 of 11.60%v/v. However, as the wells were flooded on all occasions the data is not considered
reliable.

Figure 6-3 - WS01 (7 visits)

Figure 6-4 - WS04 (significantly flooded on 2 visits)
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Figure 6-5 - WS05 (significantly flooded on 2 visits)

Figure 6-5 - WS05 (significantly flooded on 2 visits)

As shown in the plots above the majority of borehole gas data plot within the ambient air or
indicative zone of air and CO2 mixing, suggesting that the elevated gases observed are due to low-
risk biogenic processes in the soil, as anticipated based on the geology and site setting.
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WS04 was fully flooded on 5 out of 7 visits, with the two remaining visits being significantly flooded
with approximately 0.30m of headspace, and the results plotting toward the zone of possible landfill
gas migration.  However, the source of the elevated methane concentrations within WS04 is not
considered to be indicative of landfill gas, as no landfills are recorded within 500m of the site, and
rather sourced by soil methanogenic processes.  Although historical coal pits and ponds present are
now infilled to the north, north-east and north-west of site, as well as an old shaft 235m west of site,
it is not considered these would act as a source given their distance to WS04, and other unflooded
boreholes on site with similar response zones in Made Ground recorded no elevated methane
concentrations.  Furthermore, Glacial Till deposits are present across the site which would limit the
migration of ground gases and it is also noted that organic matter was observed in WS04 between
1.00m and 2.70m bgl within the response zone strata, and soil organic matter content from a similar
clayey stratum at 0.45m bgl recorded 4.2% SOM.

Therefore, it is considered the elevated methane concentrations within WS04 is an anomalous result
and not representative of the site.

6.4.2.3 Review of CSM

The CSM for ground gases has been reviewed and the following is noted:

¡ Deep mineworkings are present in eight seams, with the shallowest being at 105m, and last
worked over 50 years ago in 1886. Given that no probable unrecorded shallow workings are
noted by the CA and no mine shafts are recorded within 50m, it is considered there is a low mine
gas potential.

¡ Bedrock beneath the site is anticipated to be fractured/faulted with flow predominantly through
discontinuities.

¡ Made Ground is up to 7.70m thick in the centre of the site, in line with the route of the historical
railway line, with an average thickness of 2.30m across the rest of the site. Organic odours were
noted locally in Made Ground deposits (TP03, TP07, TP1 and TP13), with timber and plant
matter recorded. Average SOM for the site was 4.62%, therefore average Total Organic Carbon
(TOC) in soils for the site has been calculated as 2.7% would suggest the site falls under CS2. In
line with Contaminated Land: Applications In Real Environments (CL:AIRE) Research Bulletin 17
(RB17)8, the Made Ground on site is considered likely to have a low gassing potential (CS2).

¡ From gas monitoring data and ternary plots WS04 is the only hole which falls under CS2
classification on site. Made Ground was recorded to 2.70mbgl and comprised similar material to
the surrounding borehole locations. No organic odours were noted within Made Ground deposits
and the SOM at 0.45mbgl was 4.29%, which is below average for the site. Furthermore, WS04
was fully flooded on 5 of 7 monitoring visits, with the borehole being significantly flooded on the
remaining two visits, which in turn diminishes the reliability of the data collected, therefore
meaning the data collected is not representative of the site.

¡ Glacial Till deposits were generally encountered in the western and eastern edges of site and not
proven closer to centre due to the thickness of Made Ground and termination depths of
exploratory holes. However, CP02 in the centre of site encountered over 4m of Glacial Till. Plant
matter was observed in only one location (TP11 between 1.10m and 1.40m bgl) within these
deposits. As such Glacial Till deposits are considered likely to have a low gassing potential and
their presence beneath the site will also limit gas migration.

¡ It is noted piled foundations may be required in some locations due to the presence of Made
Ground in excess of 2m thick. Such may act as preferential pathways for ground gas migration.
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6.4.2.4 Assessment Summary

Based on the above, it is presently recommended that the site be classed as a Characteristic
Situation 1 (CS-1) and as such no gas protection measures are necessary. It is noted that the
threshold values for carbon dioxide (5%v/v) and methane (1%v/v) were exceeded, however based
on review of the CSM and ternary plot data for the site, upgrade to CS-2 is not considered warranted
as no significant gassing sources are present which could impact the site.

The validity of this gas assessment should be additionally confirmed after final development design
is confirmed and all boreholes on site should be decommissioned to prevent them acting as a
preferential pathways for gas migrations.

6.4.3 GROUND GAS DATA QUALITY
It is noted on all occasions that WS02 and WS03 were fully flooded and on five occasions WS04
was fully flooded.  Additionally, WS04 was significantly flooded on two occasions with only 0.30m of
headspace, and it is considered the gas data obtained from fully flooded wells was not completely
reliable as part of the assessment.

However, as the data set also includes multiple instances where boreholes were dry or unflooded,
and three rounds were completed during falling pressure conditions, the data set is considered
reasonable in that it is likely to have captured worst-case generation conditions.

6.5 WATER SUPPLY PIPE MATERIALS ASSESSMENT
UKWIR Guidance states that there should be no departure from its provisions “except where
formally approved by the Water Company, such departure being technically justifiable or
representing advances in knowledge or product development”.

A summary of test results for four Made Ground and one Glacial Till samples obtained at depths
between 0.90m and 1.00m bgl versus the threshold limits published by UKWIR is provided in Tables
6-11 to 6-14.

Table 6-11 - UKWIR Screening: Detected Organic Contaminants and Maximum Detections
(specified TPs only)

Laboratory & Date of Samples
ALS

Depth Range of Samples
WSP Reference:

Maximum Concentrations Detected

Group# Parameter Group Units Detection
Limit Concentration Sample Code /

Hole

1 Extended VOC Suite mg/kg <0.004 0.227 Benzene in TP17
at 1.0m

1a BTEX and MTBE mg/kg <0.04 0.227 Benzene in TP17
at 1.0m

2 Extended SVOC Suite1 mg/kg <0.1 0.126
2-

methylnaphthalene
in TP17 at 1.0m

2e Phenols mg/kg <0.1 <0.1 All samples <0.1
mg/kg
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Laboratory & Date of Samples
ALS

Depth Range of Samples
WSP Reference:

Maximum Concentrations Detected

2f Cresols and chlorinated
phenols mg/kg <0.1 <0.1 All samples <0.1

mg/kg

3 Mineral Oils C11 - C20 mg/kg <10 58.1 TP17 at 1.0m

4 Mineral Oils C21 – C40 mg/kg <10 288 TP09 at 1.0m

5

Conductivity µS/cm <0.014 1.85 – 2.14 N/A

Redox potential mV - 120 – 190 N/A

pH pH units <1 5.67 – 8.43 N/A

2a Ethers N/A2 N/A2 N/A2 N/A2

2b Nitrobenzene N/A2 N/A2 N/A2 N/A2

2c Ketones N/A2 N/A2 N/A2 N/A2

2d Aldehydes N/A2 N/A2 N/A2 N/A2

6 Amines N/A2 N/A2 N/A2 N/A2

Notes
1 – excluding PAHs and TICs
2 – not applicable as not suspected at site following desk study review

Table 6-12 - UKWIR Material Selection Table

Parameter group

Pipe Material Selection

PE PVC Barrier
Pipe

Wrapped
Steel

Wrapped
Ductile

Iron
Copper

1 Extended VOC Suite
(with TIC)* ü û Pass Pass Pass Pass

1a BTEX and MTBE û û Pass Pass Pass Pass

2 Extended SVOC Suite
(with TIC) ü ü Pass Pass Pass Pass

2e Phenols ü ü Pass Pass Pass Pass
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Parameter group

Pipe Material Selection

PE PVC Barrier
Pipe

Wrapped
Steel

Wrapped
Ductile

Iron
Copper

2f Cresols and
chlorinated phenols ü ü Pass Pass Pass Pass

3 Mineral Oils C11 - C20 û Pass Pass Pass Pass Pass

4 Mineral Oils C21 - C40 ü Pass Pass Pass Pass Pass

5
Corrosive

(conductivity, redox,
pH)

Pass Pass Pass ü û û

2a Ethers N/A N/A N/A N/A N/A N/A

2b Nitrobenzene N/A N/A N/A N/A N/A N/A

2c Ketones N/A N/A N/A N/A N/A N/A

2d Aldehydes N/A N/A N/A N/A N/A N/A

6 Amines N/A N/A N/A N/A N/A N/A

Pipes that pass chemical
threshold û û ü ü û û

Preferred Selection û û ü ü û û

The following screening criteria, provided by UKWIR, were used to evaluate the materials above:

Table 6-13 - UKWIR Screening Criteria (PE/PVC)

Parameter group PE Threshold
Concentration (mg/kg)

PVC Threshold
Concentration (mg/kg)

1 Extended VOC Suite (with TIC)* 0.5 0.125

1a BTEX and MTBE 0.1 0.03

2 Extended SVOC Suite (with TIC) 2 1.4

2e Phenols 2 0.4

2f Cresols and chlorinated phenols 2 0.04

3 Mineral Oils C11 - C20 10 N/A

4 Mineral Oils C21 – C40 500 N/A

Table 6-14 - UKWIR Screening Criteria (Wrapped Steel/Wrapped DI/Copper)

Parameter group Wrapped Steel Wrapped Ductile Iron Copper

5
Corrosive

(Conductivity, Redox,
pH)

Corrosive if pH<7 and
conductivity >40µs/cm

Corrosive if pH<5, Eh
not neutral and

conductivity >40µs/cm

Corrosive if pH <5 or
>8 and Eh positive
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Based on the available data and on a preliminary basis, WSP would advise water supply pipes to be
laid conform to wrapped steel or barrier pipe specifications. Recommendations will require to be
confirmed on finalisation of pipe run locations in relation to test locations.  Confirmation of final pipe
specifications must be agreed with Scottish Water.

6.6 PHYTOTOXIC ASSESSMENT
Guidance on the effects of metal contamination on plant growth is provided with the Ministry of
Agriculture, Fisheries and Food (MAFF) Code of Good Agricultural Practice for the Protection of
Soil.  A summary of the available test results versus the recommended phytotoxic screening criteria
is provided below:

Table 6-15 - Summary of Soil Results vs. Phytotoxic Screening Criteria

Contaminant Screening Value
(mg/kg)

Conc. Range
(mg/kg) Average (mg/kg) Average >MAFF

Screening Criteria
Zinc 200 40.1 - 261 117.85 No

Copper 100 9.56 - 64.53 31.17 No

Nickel 300 11.6 - 59.7 27.85 No

Based on average calculations, no exceedances of MAFF values have been recorded.  Made
ground may not represent a suitable growing medium due to its physical properties.  Made Ground
typically includes inclusions of slag, blaes, concrete and brick, therefore a cover layer of 300mm
inert topsoil is recommended in garden and landscaped areas.

6.7 MATERIAL RE-USE
Regulatory Requirements and Guidance

The regulator recognises that as far as possible, developers try to ensure that all arisings generated
on-site are used on-site.  This must be done in accordance with the planning permission, while
generally satisfying criteria (ii) and (iii) below with a mass balance approach:

(i) they are suitable for that use and require no further treatment (based on chemical
testing);

(ii) only the quantity necessary for the specified works is used (otherwise it becomes a
disposal activity); and

(iii) their use is not a mere possibility but a certainty.

In 2011 CL:AIRE released its Definition of Waste: Development Industry Code of Practice (V2)
document that may be used in support of assessing if excavated materials are a waste or not.

Should materials however be removed and disposed off-site, the developer has a statutory
responsibility under the Duty of Care Regulations of the Environmental Protection Act 1990 to
ensure that contaminated soil and water is disposed of off-site to a suitably licensed waste
management facility in a safe and approved manner.  To comply with the Duty of Care all wastes
taken off-site, in solid or liquid form, must be handled by a registered waste carrier and be
accompanied by a consignment note which describes the waste.
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As a requirement of landfill disposal, the pre-treatment of wastes going to landfill is necessary.  This
treatment can include “sorting” (e.g. reduction of overall waste through stockpile or in-situ
investigations).

Should development plans include the removal of materials, the proposed remedial strategy plan
should include details of proposed frequency and assessment standards for the waste disposal
strategy.

Suitability of Materials for Re-Use

As previously stated above, re-use of excavated material may be possible if specific requirements
are met.  However, WSP notes that re-use criteria would be primarily based on criteria protective of
human health, the water environment, and the built environment (as opposed to waste thresholds).
The geotechnical quality of the material is an additional consideration with regards to its re-usability,
should it be placed below structures, features, or form slopes.  In review of the previous assessment
findings, and in the context of potential re-use in the proposed redevelopment, WSP would note the
following:

¡ All Made Ground materials should not be re-used at depths less than 600mm (based on the
available chemical testing) for the protection of human health and the environment if reused
elsewhere on site;

¡ The potential presence of previously unidentified areas containing ACMs should be borne in mind
when considering any materials for potential re-use;

¡ Additionally, based on geotechnical observations, the cohesive Made Ground may not be suitable
for reuse as structural fill below roads and hardstandings (see Section 5 for geotechnical
considerations) without suitable treatment.
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7 REFINED CONCEPTUAL SITE MODEL

7.1 INTRODUCTION
This Section provides a refinement of the preliminary CSM which was presented in the previously
referenced WSP Phase 1 desk study report.  Plausible source-pathway-receptor contaminant
linkages have been refined in line with industry good practice (principally LCRM 2020 and R&D66).

The refined CSM provides an updated understanding of the site based on the findings of the site
investigation and analytical results, and draws on the ground and hydrogeological models as
presented in Sections 3 and 4.  It has been used to inform the quantitative risk assessments
undertaken in Section 6 in the context of a Residential with plant uptake end use.

7.2 POTENTIAL SOURCES OF CONTAMINATION
The table below presents a summary of the identified potential sources of current and historical
contamination present at the site.

Table 7-1 - Revised Potential Sources of Contamination

Potential Primary
Source

Evidence of Impact (Secondary
Source)

Potential Contaminants of Concern
Identified

ON-SITE

Made Ground ¡ Made Ground appears to be a
combination of reworked natural
material with some foreign
inclusions.

¡ Localised evidence of
hydrocarbons observed (staining,
odours).

¡ No evidence of VOCs.

¡ Asbestos detected in 4 of 246 samples
at up to 0.2307%.

¡ Two lead exceedances (TP07 at 0.20m
and TP11 at 0.15m) and one benzene
exceedance (TP17 at 1.00m) recorded
above GAC.

¡ Minor exceedance of TPH HI in WS01
at 3.10m.

¡ Ground gases – elevated ground gas
concentrations to date.

¡ Minor RPV exceedances of lead and
benzo(a)pyrene.

¡ Minor to moderate EQS exceedances of
metals, PAHs and TPH.

7.3 POTENTIAL RECEPTORS
In the context of the proposed land use, the following potential receptors of soil and/or groundwater
impact were identified:

Human Health

¡ Future site users and neighbours
¡ Future below ground maintenance workers
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Water Environment

¡ Surface watercourse (North Calder Water)
¡ Underlying bedrock aquifer

Other

¡ Flora and fauna on-site
¡ Below ground building structures and services
¡ Structures and properties on-site

Groundworkers during redevelopment were discounted from the assessment because there are
legal requirements to ensure that suitable health and safety controls should be in place during
works.

7.4 POTENTIAL CONTAMINANT PATHWAYS
Relevant potential pathways are considered to include:
¡ Direct contact, ingestion or inhalation of soil bound contaminants / dust (including permeation of

water supply pipes);
¡ Direct inhalation of asbestos fibres within soils; and
¡ Ground gas, inhalation and accumulation.

7.5 PLAUSIBLE CONTAMINANT LINKAGES
Table 7-2 provides a revised evaluation of the potential contaminant linkages that were considered
to be plausible for the future use of the site.  It uses the current site investigation findings to refine
the desk study assessment using criteria broadly based on those presented in CIRIA Report
“Contaminated Land Risk Assessment: A Guide to Good Practice” (CIRIA Report C552), the
magnitude of the risk associated with potential pollutant linkages has then been assessed.  These
criteria are summarised in Appendix G.
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Table 7-2 - Summary of Plausible Contaminant Linkages

Potential
Contaminants

Potential Pathways Potential
Receptors

Probability Severity Risk Rating Comments

Free asbestos
fibres in soil

Inhalation of asbestos
fibres.

Future site
users and
neighbours;
and
Future below
ground
maintenance
workers

Likely Medium Moderate
likelihood of
exposure

Three positive asbestos detections
(L1, F5 and WS04) are located within
areas of existing soft landscaping
which may not limit fibre mobilisation.
One positive detection in CP01 at
2.20m bgl is located within a garden
plot. Given the depth of the detection
and the proposed cut and fill on site,
deeper areas may be raised to a level
where a plausible pathway may be
established. Where asbestos in soil is
identified on-site, a detailed
quantitative risk assessment is
required to determine lifetime excess
cancer risks and whether or not
intervention is necessary.
Notwithstanding this, a 300mm clean
cover layer is recommended in areas
where Made Ground is present, to
provide a suitable growing medium for
plants. Pending the outcome of
asbestos QRA then the thickness of
clean cover may require increase to
protect human health.

PAHs, metals
and TPH in soils

Dermal contact,
ingestions and inhalation
of impacted Made Ground
and soil particles.

Future site
users/residents
Future
maintenance
workers

Low
Likelihood

Mild Low The exceedances of benzene in TP17
and Lead in TP07 are both located
under proposed areas of hardstanding
for footpaths or plot driveways which
would sever the contaminant pathway
and reduce the risk to human health. A
marginal exceedance of 142mg/kg
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Potential
Contaminants

Potential Pathways Potential
Receptors

Probability Severity Risk Rating Comments

remains for TP11 in an area of
proposed plot garden.

A delineation exercise is
recommended to plot the extent of lead
exceedances around TP07 and TP11
to understand if remedial measures
are required on site. Notwithstanding
this, a 300mm clean cover layer is
recommended in areas where Made
Ground is present, to provide a
suitable growing medium for plants.
Pending the outcome of delineation
testing then the thickness of clean
cover may require increase to protect
human health.

Given the deep nature of the observed
impacts, and visual / olfactory
evidence of contamination noted within
WS01, the TPH HI exceedance at
3.10mbgl is considered low risk due to
the main pathway for longer chain
aliphatic fractions (C21-C44) being
direct contact and the proposed
building structures at this location
under current development plans.

TPHs, PAHs
(benzo(a)pyrene),
metals in soils

Leaching and infiltration,
groundwater migration

Groundwater,
Surface water

Low
Likelihood

Mild Low The RPV/EQS exceedances noted are
not considered significant in the
context of the site setting.

A low risk of degradation of the
bedrock aquifer and surface
watercourses from site-derived
contamination is anticipated.
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Potential
Contaminants

Potential Pathways Potential
Receptors

Probability Severity Risk Rating Comments

Ground gas
generation

Vertical and lateral
migration through
unsaturated soil pore
space and via preferential
pathways such as below
ground service trenches.

Ingress into buildings
resulting in accumulation
in enclosed spaces.

Future site
users/residents
Future
maintenance
workers

Low
likelihood

Low Very Low Assumption that concentrations to date
are indicative of worst-case conditions.

CS-1 conditions recorded on site. No
upgrade required.

Organic
contaminant
concentrations
above UKWIR
guidance

Contaminant ingress into
potable water supply
pipes.

Future site
users/residents
Future
maintenance
workers

Low
likelihood

Medium Moderate/Low Assumes potable water supply network
to be constructed across site.
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7.6 RISK EVALUATION
Based on the conditions encountered during the geo-environmental investigations, risks to the key
receptors are summarised below:

Risks during Constructions: To support the redevelopment of the site, preparation and
enabling works will be required and this will result in the excavation and movement of Made
Ground and fill materials which contain asbestos containing materials (ACMs), hydrocarbons and
metals. Protection of construction workers and neighbouring site occupiers will require
consideration particularly from risks associated with inhalation of dust and fugitive emissions.
Given the noted presence of ACMs in the Made Ground at the site WSP recommends that site
works are planned in consultation with a licensed asbestos consultant/contractor to assist in
ensuring that any measures put in place during construction, and to prevent subsequent
exposure of future site users are appropriately planned in accordance with the Control of
Asbestos (CAR) regulations.

¡ Risks to Future Site Users: Given the nature of the proposed redevelopment, future site users
will not be at risk from site contamination (PAHs, Metals and Asbestos), provided that suitable
barriers to direct exposure are put in place. The placement of hardstanding and building
foundations is considered suitable to prevent exposure to these contaminants and no additional
mitigation would be required for such areas. Based on the type and limited concentration of
asbestos fibres recorded, a detailed quantitative risk assessment is required to determine lifetime
excess cancer risks and whether or not intervention is necessary. Similarly, delineation around
TP07 and TP11 is suggested to understand the full extent of lead contamination on site and
whether remedial intervention is locally required. Notwithstanding this, 300mm clean cover is
proposed in garden/landscaped areas where Made Ground is present; pending the outcome of
asbestos QRA and lead delineation works then clean cover may require an increased thickness.
It is currently considered that ground gas ingress will not require mitigation in the form of gas
protection measures.

¡ Risks to Water Supply Pipes: Based on the current data, construction of water supply pipes
could include either Barrier Pipe or Wrapped Steel subject to confirmation of proposed pipe
routes and agreement with Scottish Water.
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8 CONCLUSIONS

8.1 GEOTECHNICAL
Based on the recorded ground conditions and the nature of the proposed development, the following
ground engineering actions/solutions are provisionally considered appropriate:

¡ The site is within a surface area that could be affected by underground mining of eight coal
seams at depths between 60m and 260m, last worked in 1886 and there is also the risk of
encountering unrecorded mine shafts during the redevelopment works. Ground movement due to
coal mining activity associated with these workings should have stopped by now.

¡ Further plot specific investigation would be prudent to support detailed substructure and external
works design.

¡ Spread foundations bearing within competent Glacial Till may prove suitable to support the two-
storey house and flats. Additional deepening of foundations may be required where softened soils
are encountered, or foundations are within the influence zone of trees. Nominal reinforcement is
likely to be required if grouting operations are undertaken (for any coal workings). Alterative
foundations may be required where depths of Made Ground are excessive and for the larger four
storey properties. Such foundations may comprise reinforced strips/rafts on re-engineered
ground, the use of vibro replacement stone columns, or piles.

¡ Due to the significant presence of Made Ground, ground bearing floor slabs are unlikely to be
suitable. It is recommended allowance is made for suspended ground floor construction.

¡ An earthworks specification may be required pending confirmation of finished levels.
¡ Any obstructions associated with the historic site usage will need appropriate treatment.
¡ The stability of soils should not be relied upon in open excavations and appropriate temporary

works will be required.
¡ A Design Sulphate Class of DS-1 and Aggressive Chemical Environment for Concrete (ACEC)

class of AC-1 is considered appropriate for below ground concrete design.

8.2 CONTAMINATION
Based on the proposed redevelopment of the site for residual use, the following contamination
conclusions are made:

¡ Human Health: Asbestos in 4 of 246 samples; exceedances of benzene (1) recorded within
Glacial Till; and lead (2) recorded within Topsoil deposits. An asbestos QRA, and lead delineation
testing are recommended to further quantify potential risks. Pending the outcome of these
activities the 300mm clean cover layer recommended as a suitable growing medium for plant life
may require increase to become protective of human health.

¡ Water Environment: Minor to moderate exceedances of EQS/RPV were recorded in leachate
and groundwater; however, these are not considered significant in the context of the site setting.

¡ Ground Gas: Gas monitoring (to date) has recorded ground gas and flow rates at concentrations
that will not require gas protection measures over and above standard construction techniques.

Should development plans alter, and once cut and fill plans are known, this assessment should be
revisited to determine whether it is still valid.
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8.3 UNCERTAINTIES
The scope of investigation has provided a suitable level of characterisation to develop an initial
understanding of the constraints that must be addressed to redevelop the site for the proposed
residential use.  The investigation has confirmed that deposits of Made Ground are present across
the site containing metals, hydrocarbons and asbestos.

Given the Made Ground deposits present at the site, the testing regime can be considered indicative
albeit there is the potential for the following to be encountered during additional investigations or
proposed development works:

¡ Significant groundwater inflows, particularly during inclement weather.
¡ Asbestos fibres/debris.
¡ Additional organic/inorganic contamination.
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9 RECOMMENDATIONS

9.1 DEVELOPMENT DESIGN MEASURES
Based on the findings of this investigation the following measures should be incorporated into the
proposed development scheme at the site:

Table 9-1 - Development Design Mitigation Measures

Potential Constraint Design Measure

Direct Exposure to
contaminants soils

Further investigation is suggested to understand the extent of lead in soils
around TP07 and TP11. Where asbestos in soil is identified on-site, a detailed
quantitative risk assessment is required to determine lifetime excess cancer
risks and whether or not intervention is necessary.

A minimum 300mm clean cover layer is recommended in garden/landscaped
areas where Made Ground is present, to provide a suitable growing medium.
Pending the outcome of additional asbestos QRA and lead delineation then
this thickness may require increase to be protective of human health.

Ground Gas No gas protection measures are considered necessary.

Materials Management /
Re-use

Any materials intended to be taken off-site should be classified prior to removal
from site. The following is noted in terms of material re-use:

¡ All Made Ground materials should not be re-used at depths less than
600mm (based on the available chemical testing) for the protection of
human health and the environment if reused elsewhere onsite;

¡ The potential presence of previously unidentified areas containing ACMs
should be borne in mind considering any materials for potential re-use;

¡ Additionally, the superficial excavation arisings would not be suitable for
reuse as structural fill below roads and hardstandings without suitable
treatment.

Asbestos Where asbestos in soil is identified on-site, a detailed quantitative risk
assessment is required to determine lifetime excess cancer risks and whether
or not intervention is necessary.

Exposure mechanisms should be managed during construction, with the
presence of asbestos within the Made Ground should be recorded within a
post remediation/development asbestos management plan (AMP).

Service Corridors As part of the measures to protect future maintenance workers and manage
the risk of exposure to asbestos fibres and other contaminants in the ground,
clean certified materials should be used to backfill service corridors, which
should be lined with a geotextile membrane to provide a marker layer between
the clean service trench fill materials and the general fill materials on-site.

Water Supply Pipes Based on the available data and on a preliminary basis, WSP would advise
water supply pipes to be laid conform to wrapped steel or barrier pipe
specifications. Recommendations will require to be confirmed on finalisation of



GIBB STREET, CHAPELHALL CONFIDENTIAL | WSP
Project No.: 70084864 | Our Ref No.: 70084864/002 August 2021
CCG (Scotland) Limited Page 54 of 58

Potential Constraint Design Measure

pipe run locations in relation to test locations.  Confirmation of final pipe
specifications must be agreed with Scottish Water

Verification As part of the design measures in the proposed document, all works should be
verified by an independent specialist and reported in a validation report.
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9.2 GEOTECHNICAL RISK REGISTER

Table 9-2 - Geotechnical Risk Register

Hazard Cause Consequence Perceived
Level of Risk

Without
Control

Control Adopted Risk
Ownership

Unforeseen/poor ground
conditions

Ground conditions differ
from those assumed within

the design

Delays on site

Possible re-design of
foundations

Financial implications

Moderate Intrusive investigation undertaken to inform the ground
model and facilitate design.

Note: ground investigation only samples a limited
amount of ground and conditions may exist between
exploratory holes that are not identified by the ground

investigation and cannot be anticipated from
interpretation of the available data. As such, the risk of

unforeseen ground conditions cannot be entirely
mitigated. Additional ground investigation could be

undertaken to further reduce the risk.

Client

Poor performance of
foundations and floor slabs

Inadequate design.

Inappropriate inspection of
foundation excavations

Inappropriate remediation of
areas of poor ground.

Delays on site

Possible re-design of
foundations and floor

slabs

Financial implications

Moderate Foundations and floor slabs to be designed by
competent engineer, taking into account the prevailing

ground conditions and changes in ground level.

Foundations to be inspected on site by a competent
engineer to ensure that they bear in competent ground.

Designer

Excessive
settlement/collapse of
structures and external

areas

Mine workings and
associated shafts/adits

Remedial works
required.

Financial implications

Health & Safety
implications

Low Coal Authority Report obtained and coal mining risk
assessment.

Client
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Hazard Cause Consequence Perceived
Level of Risk

Without
Control

Control Adopted Risk
Ownership

Inability to install
foundations, services and

other below ground
construction

Obstructions Delays on site

Possible re-design of
affected elements.

financial implications

Moderate Implement appropriate strategy for dealing with
obstructions, including accurate surveying of any

features that cannot be removed.

Early identification of where obstructions may clash with
substructures

Recognise potential for boulders to be present within the
drift.

Use of appropriate plant and equipment

Contractor

Excessive groundwater
ingress into excavations

Excavations encountering
groundwater table

Delays to programme

Health & Safety
implications

Low/Moderate Allowance to be made for dewatering during
excavations.

Dewatering works to be assessed and designed by a
competent specialist contactor.

Contractor

Collapse of excavations Inappropriate ground
support

Delays to programme

Damage to third party
assets

Health & Safety
implications

Moderate Temporary works to be designed by a specialist. Works
to be appropriately designed to take into account ground

stability, groundwater level and loading.

Contractor

Poor performance of
external areas

Inadequate design

Inadequate formation
preparation

Remedial works
required

Financial implications

Moderate In situ testing to determine CBR for design.

Design to be undertaken by a competent engineer.

If required, preparation of an earthworks specification to
support level changes.

Adequate formation preparation during construction.

Designer

Contractor

Damage to services Inappropriate buried
services assessment

Delays

Health and safety
issues

Financial / legal
implications

High Undertake appropriate services search and undertake
diversion/disconnection where necessary.

Contractor
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Hazard Cause Consequence Perceived
Level of Risk

Without
Control

Control Adopted Risk
Ownership

Degradation of below
ground concrete

Inappropriate concrete
assessment

Remedial works
required

Financial implications

Low Ground investigation completed to assess potential for
the presence of highly corrosive ground.

Undertake appropriate analysis and assessment.
Additional sampling and testing could be undertaken to

further reduce the risk.

Designer

Encountering Unexploded
Ordnance (UXO)

Inappropriate UXO
assessment

Health and safety
issues

Delays

Financial / legal
implications

Low Desk study undertaken and indicated area is of low risk
in regard to unexploded ordnance.

Contractor
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9.3 NEXT STEPS
Following mitigation measures outlined in Table 9-1 above, human health issues are considered low
for future site users, however further delineation should be undertaken to understand the extent of
Lead contamination in topsoil around TP07 and TP11.  Where asbestos in soil is identified on-site, a
detailed quantitative risk assessment is required to determine lifetime excess cancer risks and
whether or not intervention is necessary.

To ensure that there are no significant ongoing issues with respect to human health and the wider
environment, WSP recommends chemical testing for any imported soils to confirm suitability for
future use on the context of criteria provided of human health, the water environment, and the built
environment.
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FIELD WORKS

The ground investigation was carried out between 10th and 19th May 2021. The ground
investigation comprised six window sampler boreholes, two cable percussion boreholes and
21 no. mechanically excavated trial pits. A summary of the scope of the ground investigation
is outlined in Table C-1. The ground investigation was undertaken at the positions shown on
Figure 3A and 3B and exploratory hole records are presented in Appendix D.

The investigation was carried out under the supervision of an engineer from WSP UK
Limited.

Table C-1 – Summary of Ground Investigation Works Completed

Investigation Method No. Max
Depth
(m bgl)

Sampling
Regime

Monitoring
Wells

Backfilling and
Reinstatement

Window Sampler 6 5.45 (1) (2) (3) Yes Bentonite, gravel, arisings
and cement.

Cable Percussion 2 10.00 (1) (2) (3) Yes Bentonite, gravel, arisings
and cement.

Trial Pit 21 3.50 (1) (2) No Arisings

Notes

1) 250ml amber glass jars and 40ml glass volatile vials

2) Bulk bags

3) In situ tests comprising SPTs in granular materials and U100 alternated with SPTs in cohesive materials

GAS AND GROUNDWATER MONITORING WELL INSTALLATION
Gas and groundwater monitoring wells were installed in selected boreholes were
constructed from 50mm perforated plastic pipe with a pea gravel surround and fitted with air
tight gas valves. As a minimum requirement, each monitoring well comprised plain pipe from
ground level to 0.5m with a bentonite pellet surround. Exact details of each installation are
shown on the borehole records in Appendix D.

Gas monitoring installations were finished at ground level with a flush cover.

MONITORING WELL DEVELOPMENT
Prior to the first round of sampling, monitoring wells were developed by the removal of a
minimum of three well volumes using standard bailers.

GROUNDWATER SAMPLING & IN SITU GEOCHEMICAL
MEASUREMENTS
Groundwater samples were taken from each monitoring well using a WASP pump and YSI
recorded in-situ groundwater conditions.
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Groundwater samples were retained in appropriate containers (1-litre glass and plastic
bottles and 40ml glass volatile vials) and transported to the testing laboratory on the same
day as sampling within cooled containers.

GROUNDWATER AND GAS MONITORING
All boreholes were monitored for ground gas levels using an infra-red gas analyser
(GasData GFM436) on 7 occasions. Initial and steady concentrations of methane (CH4),
carbon dioxide (CO2), oxygen (O2) and trace gases (including carbon monoxide, hydrogen
sulphide) were recorded along with initial and steady gas flow rates. Atmospheric and
borehole (differential) pressures during the monitoring were also noted to enable a
quantitative gas risk assessment to be carried out in accordance with current best practice.

The results of the gas and groundwater monitoring are presented in Appendix D.
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TESTING

CHEMICAL TESTING – SOILS & LEACHATE
Selected soil samples were submitted for chemical analysis at ALS Laboratories in
Hawarden. The results of the contamination testing are presented in Appendix D. The
following testing was carried out:

Table C-2 - Summary of Chemical Testing for Soils and Leachate

Strata Laboratory Analysis (no.)

M
et

al
s

G
en

er
al

C
oC

 1

C
oC

 2

C
oC

 3

C
oC

 4

C
oC

 5

C
oC

 6

C
oC

 7

C
oC

 8

C
oC

 9

Le
ac

ha
te

Asbestos

So
il 

O
rg

an
ic

M
at

te
r

A
sb

 1

A
sb

 2

Made Ground 20 12 13 10 20 20 15 9 4 4 3 8 244 4 8

Natural
Ground

2 1 1 0 2 2 1 0 1 1 0 1 2 0 0

Key

Metals arsenic, cadmium, chromium, lead, mercury, copper, nickel, selenium and zinc

General pH, water soluble sulphate

CoC 1 Speciated TPH (aliphatic and aromatic split and banded)

CoC 2 TPH Banded (carbon banding without aliphatic and aromatic speciation)

CoC 3 Hexavalent Chromium

CoC 4 PAH speciated

CoC 5 BTEX

COC 6 Phenols

COC 7 VOCs

COC 8 SVOCs

COC 9 PCBs

Leachate Metals, cyanide, TPH banded, PAH speciated

Asb 1 Screen

Asb 2 Quantification by weight
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CHEMICAL TESTING - WATER
Groundwater samples were submitted for chemical analysis at ALS Laboratories in
Hawarden. The results of the contamination testing are presented in Appendix D. The
following testing was carried out:

Table C-3 – Summary of Chemical Testing for Water (Groundwater)

Water Body Laboratory Analysis (no.)
G

en
er

al
 S

ui
te

C
oC

 1

C
oC

 2

C
oC

 3

C
oC

 4

C
oC

 5

C
oC
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C
oC

 7

G
eo

ch
em
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ca
to
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To
ta

l a
lk

al
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as

 C
aC

03

C
al

ci
um

D
is

so
lv

ed
O

rg
an

ic
 C

ar
bo

n

Made Ground 2 2 0 2 2 0 2 2 0 0 0 0

Glacial Till 2 2 0 2 2 0 2 2 0 0 0 0

Key

General Suite pH, Metals (arsenic, cadmium, chromium, lead, mercury, copper, nickel, selenium and zinc),
Ammoniacal Nitrogen, Cyanide (total and free)

CoC 1 Speciated TPH (aliphatic and aromatic split and banded)

CoC 2 Hexavalent Chromium

CoC 3 Benzene, Toluene, Ethyl Benzene, Xylene (BTEX)

CoC 4 PAH speciated

CoC 5 Phenols

CoC 6 Methyl tertiary butyl ether (MTBE)

CoC 7 Tert-Amyl methyl ether (TAME)
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