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1.0 INTRODUCTION 

David R Murray & Associates (DRM) were appointed by Bellway Homes West to 

review desk study information and thereafter devise and supervise site investigation 

works on an area of largely greenfield land located in the Mount Ellen area of 

Gartcosh, North Lanarkshire, Appendix A.  

The site (Phases 2 & 3, Gartcosh), is currently under consideration for the erection 

of two storey development and associated roads and drainage infrastructure and 

forms part of a larger development area.  Given the undulating nature of the site, 

extensive earthworks would be necessary in order to facilitate the formation of a 

suitable platform to achieve the development layout proposed.  An area of land 

currently under development by Bellway Homes West, Phase 1, is located to the 

south with older residential development to the south-west.   

The site is irregularly shaped, extending to approximately 12.4Ha, and consists of 

agricultural grazing land.  The site is accessed via the Phase 1, Johnston Road, 

Bellway development to the south of the site and is bounded by Mount Ellen Golf 

Course, including a clubhouse and car park to the north and east.  The A752 

Lochend Road bounds the site to the west with Johnston Loch, residential 

development and grazing land to the west of this.  The eastern Phase 2 area slopes 

down towards the north with a small water course separating it from the golf course 

to the north.  A lower lying trough of ground runs east north-east to west south-west 

through the central portion of Phase 3 with land rising up to the north and south from 

this feature.   

A Scottish Gas Networks high pressure gas main is located immediately to the south 

of the Phase 2 area and traverses the Phase 3 area from east to west.   

Previous site investigations were undertaken by Raeburn in 2013 within Phases 2 

and 3 Phase 1 to the south.  In addition, excess glacial clays, generated from the 

Phase 1 area to the south, were previously deposited within Phase 2 in 2017/2018, 

albeit the thickness of materials placed was generally less than 1.0m although is 

locally in excess of 2.0m in some areas.   

As well as undertaking a desk study, the current investigations were therefore 

designed to better understand the mining risks, the geotechnical properties of the 

natural soils, delineate the extent of poor engineering soils (made ground) and 

assess potential contamination and gassing risks associated with soils within the 

development area.   
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Taking account of the findings of the intrusive investigation, recommendations on 

foundation solutions, potential construction constraints and suitable remedial 

measures, where appropriate, have been provided in this report.  

This report has been prepared taking due cognisance of current best practice and 

legislation with third party contractors undertaking the works in general accordance 

with Eurocode 7 methodologies.  External documents reviewed are referenced in the 

final appendix of this report and are referred to in the text of the report thus [xx].  The 

assessments undertaken and recommendations are made on the basis of a 

residential end use incorporating private gardens with amenity areas and associated 

roads and drainage infrastructure.   

This report has been prepared for the exclusive use of Bellway Homes West.  Any 

use of this report by a third party, or any reliance on or decisions made based on it, 

are the responsibility of such third parties unless written confirmation at the request 

of Bellway Homes West has been provided by David R. Murray and Associates.   

If new information becomes available in respect of the site, and/or legislation 

changes after the submission of this report and/or one year has elapsed since 

submission, the report should be referred back to David R. Murray & Associates for 

comment or amendment to some or all of the report where necessary. 

1.1 Objectives 

The objectives of the investigation were as follows: 

 To review available archive information including the results of previous 

investigations undertaken within the site area in order to identify any potential 

geotechnical, mineral and/or environmental constraints to the development 

proposed and thereafter design an intrusive investigation, to assess and 

quantify the potential construction constraints and environmental issues 

identified from review of the archive information.   

 To subsequently undertake geotechnical and environmental investigations by 

advancing machine excavated trial pits and boreholes in order to collect 

representative soil samples for analysis.  

 To undertake gas monitoring to determine the requirement or otherwise for 

gas protection measures within the site boundary.  
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 Based upon the results of intrusive investigations, to provide an assessment 

of ground conditions in respect of the development proposals and provide 

recommendations on suitable and cost-effective foundation solutions in order 

to support the development proposed.

 To provide recommendations, where necessary, on measures to address any 

identified soil contamination and soil-gassing levels identified as a result of 

the intrusive investigations and risk assessments undertaken.

1.2 Overview of Investigation Methodology 

A desk study review of the historic setting, landuse, potential contamination sources 

and the results of previous intrusive investigations on the site and in the surrounding 

situation was used to formalise a preliminary Conceptual Site Model (CSM) in terms 

of potential contaminants and contaminant/pathway/receptor linkages, which might 

be associated with the site. 

The CSM was used to design site investigations in order to allow a further 

assessment of ground conditions and potential environmental constraints to 

development. 

Following review, a scheme of intrusive investigations comprising trial pits and 

boreholes at approximate 50m centres was advanced in order to identify and 

quantify the risks.  The south-western area of the site (within Phase 3) is proposed 

for amenity land and a children’s play area and as such represents a lower risk 

usage than the residential development proposed for the remainder of the site.  

Therefore, trial pits only were advanced in this area. 

Representative soil samples were collected from the trial pits and boreholes for 

detailed geochemical and geotechnical testing.  Gas monitoring was also carried out 

following installation of standpipes within the boreholes advanced. 

The results of in-situ geotechnical and laboratory tests on disturbed and undisturbed 

soil samples were used to determine the geotechnical and geoenvironmental ground 

conditions.  These were identified in the desk study review and will assist in the 

design of suitable foundation solutions for the development proposed.   

The significance of the laboratory and gas monitoring data obtained was assessed in 

terms of site-specific contamination assessment criteria for various contaminant 

parameters and current guidelines relating to ground gas.   
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This data was subsequently used to update the preliminary CSM and provide advice 

on remedial measures to adequately address potential risks, if identified.  
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2.0 SITE SETTING & DESCRIPTION 

The site comprises two irregularly shaped development areas, Phase 2 and Phase 

3, the approximate centres of which are located at NGR 270189, 669001 and 

269872, 668924, respectively.   

The Phase 3 area comprises grassed grazing land with the Phase 2 area formerly 

also in use for this purpose, however, this area is now heavily overgrown following 

some earthworks undertaken in late 2017 and early 2018.  The combined phases 

extend to approximately 12.4Ha in area.  A stand of long established mature and 

semi-mature trees is present within the northern portion of Phase 2.  Land within part 

of the Phase 2 area is rutted following the previous earthworks and is locally wet.  A 

further area of saturated ground is present within the lower lying portion of the Phase 

3 area and may represent a localised issues of perched water.  

The site is located on the northern flank of a glacial drift mound (drumlin) with its 

highest point located to the south.   

The Phase 2 area therefore slopes to the north, steeply in parts from around 

97.50mAOD on its southern edge to 78mAOD adjacent to the small water course 

that forms the northern boundary of this area.  The topography of the Phase 3 area 

is slightly more complicated with a lower lying trough of ground running east north-

east to west south-west through its central portion with land rising up to the north 

and south from this feature.  The low point of the trough within Phase 3 is around 

81mAOD with land rising southwards to around 97mAOD on its southern boundary 

and rising to around 93.5m AOD on its northern boundary.   

A Scottish Gas Networks high pressure gas main is located immediately to the south 

of the Phase 2 area and traverses the Phase 3 area from east to west.  The line of 

this is demarcated by fencing on either side.  The Phase 1 development area is 

located to the south of the line of the gas main.   

The site is accessed from the Phase 1 development area to the south with 

construction on this site nearing completion.  Older residential development (20 

years or so in age) is located to the south-west and forms the southern boundary of 

the Phase 3 area.  The site is bounded by (the now disused) Mount Ellen Golf 

Course, including a clubhouse and car park, to the north and east.  The A752 

Lochend Road bounds the site to the west with Johnston Loch, grazing land and 

residential development to the west of this.  Mature trees are located on the 

boundary between the golf course and the Phase 3 area.   
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A quarry, Drumcavel Quarry, from which extraction is no longer taking place, is 

located approximately 100m to the north-east of the site.  The quarry is being 

operated as an inert demolition waste disposal site operated by Reigart Contracts. 

Looking south east across trough within Phase 3 
area 

Looking south east across trough within 
Phase 3 area, SGN Main shown marked out 
and Phase 1 development area in distance 

Looking north-west across Phase 2 
Looking north-east across phase 2 showing 
stand of mature trees 
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3.0 DESK STUDIES 

Archive information from the following sources was reviewed in order to allow an 

assessment of potential development constraints to be made. 

 An Envirocheck Report, Appendix B, covering the wider area containing 

Ordnance Survey map extracts over the period 1859 to 2020, and statutory 

information from SEPA and North Lanarkshire Council;

 In-house geological maps: 10,000 series (NS66NE & NS76NW); Geological 

Map Extracts contained within the Envirocheck Report and a Geo Assessment 

Report from the BGS covering the wider development area, Appendix C. 

 A CON29M Coal Mining Report, prepared by the Coal Authority, Appendix C; 

and 

 Archive site investigation information undertaken by Raeburn on behalf of the 

site vendor in 2013, Appendix E.  

3.1 Summary of Site History 

A review of Ordnance Survey maps, Appendix B, was undertaken in order to assess 

historical land uses and major changes which could provide an indication of ground 

conditions and potential environmental issues.   

Review of this information confirms that the site has remained in continuous 

agricultural use since the 19th Century.  Albeit it the eastern portion of the site is no 

longer used as grazing land and we are aware of the deposition of a layer of glacial 

soils on the southern and central portion of the Phase 2 area around two years ago 

with fill thicknesses generally less then 1.0m but locally in excess of 2.0m.   

The area directly surrounding the site remained predominantly in agricultural use, 

until residential developments were established at Muirhead, including 

developments at Mount Ellen, to the north-west and Gartcosh to the south prior to, 

and following, the Second World war.  In the last 20 years residential development 

was established to the south-west of the site boundary with an active residential 

development site currently to the south.  The now disused Mount Ellen Golf Course 

was established in the area to the north of the site in 1904.  With respect to other 

land-uses, surface mineral extraction is evidenced at Drumcavel Quarry from the 

1890’s to the north-east of the site.  This is currently in use as a landfill.  A summary 

of the site history is provided in Table 1.   
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Table 1: Historic land use of the site and environs 

Map Survey 
Date 

Subject Site Site Environs

1859-1864 

(1:10,560 & 1:2500) 

The site is in agricultural 
use, separated into 
individual fields.  A tree 
line runs from north to 
south between Phase 2 
and Phase 3 with a 
triangular wedge of trees 
on the north-eastern 
portion of Phase 2.   

Within the surrounding area land use was predominantly 
agricultural with scattered farmsteads, including Auldyards 
around 100m to the north.  The road from Gartcosh to 
Muirhead was established at this time and formed the western 
boundary with Johnston Loch to the west of this.  A large 
house, Lochend, was present 200m to the west, with Johnston 
Cottages, 200m to the south.  The Bothlin Burn was located 
around 100m to the north-east of the site boundary.   

A small sand pit is noted 400m to the north-east of the site 
and a flax mill is noted 400m to the north.  Railway and mining 
infrastructure were present further afield.   

1898-1899 

(1:10,560 & 1:2500) 

Little significant change. The sand pit, 400m to the north-east, has greatly expanded to 
within 200m of the site boundary, and is now referred to as a 
quarry. A tramway serves the quarry from the north-east. 

A small settlement, Lochview, including Lochview Terrace and 
Lochview Villa, now present to south of Johnston Loch, 250m 
to the south-west of the site boundary.  Steel and iron works 
established around 1km to the south.   

1913-1914 

(1:2500 & 1:10,560) 

Little significant change.  The quarry to the north-east is now referred to as Drumcavel 
Quarry and has further enlarged to within 150m of the site. 

Mount Ellen Golf Course is now established to the north of the 
site with a pavilion adjacent to the northern boundary. 
Auldyards in use as the club house.  

1922-1946

(1:2,500 & 1:10,560 
& aerial photograph. 

Little significant change 
although small 
enclosure noted within 
central portion of Phase 
2.   

Residential dwellings established around 50m to the south at 
junction of Johnston road and Lochend Road.  Further 
residential development at Mount Ellen 20m to north-west.  
Sports ground to the rear of this area.  Lochend Nurseries is 
now noted, beyond Lochend House, 100m to the west of the 
site. Significant residential development has taken place 
further south within Gartcosh.  Iron and steelworks further 
south enlarged.   

1957-1959 

(1:2,500 & 1:10,000) 

Little significant change.  Extensive residential development within Mount Ellen to the 
north-west.  

1966-1974 

(1:2,500 & 1:10,000)

Little significant change Drumcavel Quarry enlarged and referred to as whinstone 
quarry.  Iron and steel works further south significantly 
enlarged.  M73 motorway established 200m to the south-east 
of the site.   

1980-1984 

(1:10,000) 

Little significant change. Johnston House is now referred to as a Club House, assumed 
for the Mount Ellen Golf Course. 

1986-1990 

(1:2,500) 

Little significant change. Lochend Nurseries reduced in size with glasshouses 
removed.  Demolition of Auldyards (club house) to the north.   

1991-1994 

(1:2,500 & 1:10,000) 

Little significant change.   Further residential development in the area to the south of 
Johnston Road.   

1999 

(1:10,000) 

Little significant change.   Drumcavel Quarry is now noted as disused. 

2005-2006 
(Aerial Photography 
& 1:10,000)

Little significant change. Residential development established to south-west of site 
boundary.  Ponds and mounds of materials noted at 
Drumcavel Quarry to the north-east.   
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Map Survey 
Date 

Subject Site Site Environs

2020 

(1:10,000) 

Little significant change. Further residential development (the Phase 1 Bellway 
development) has began construction to the south of the site 
from Johnston Road. 

Johnston House has been demolished with a new club house 
and car parking facilities established to the north at Mount 
Ellen Golf course.  Drumcaval Quarry referred to as recycling 
site.   

3.2 General Geology of the Area 

A Geological Assessment Report prepared by the British Geological Survey (BGS), 

has been reviewed, Appendix C, along with in house geological maps and 

information on preliminary site investigation works by others.   

Made ground is not expected on the site given that it has remained undeveloped, 

however, it is known that reworked glacial clays were placed within the southern and 

central portions of Phase 2 a little over two years ago.  These were excess materials 

generated from the Phase 1 area to the south.  Topsoil was stripped and clays 

placed prior to the replacement of the topsoil.  Upfill depths were on average around 

1.0m in this area.   

Drift deposits underlying the topsoil and recently placed made ground.  are mapped 

as glacial till (boulder clay) comprising firm to stiff, silty or sandy clay, containing rock 

clasts of pebble to boulder size and dense, irregular bands or lenses of sand and 

gravel.  The top one to two metres of the till may be weathered, siltier or sandier, and 

somewhat softer than the remainder.   

To the west of the site, around Johnston Loch, lacustrine deposits, some containing 

peat are present.  Although not expected, there is a small chance that these could 

encroach into the lower-lying trough which runs across the Phase 3 area.   

The area is undulating due to glaciation with glacial drift mounds present to the north 

and south of the site.  As such drift thickness is expected to be around 10m to 15m 

within the southern portion of the site possibly reducing to around 5m in the lower-

lying northern edge of Phase 2.   

Bedrock beneath the site belongs to the Upper Limestone Formation which comprise 

sedimentary rock cycles of sandstone and mudstone with occasional seams of 

limestone and coal.  Strata are expected to dip towards the north-east and east at 

angles of around 10°.   
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Strata in the area have been affected by faulting with the Muirhead fault displacing 

strata by around 90m to the south with strata belonging to younger Passage 

Formation situated immediately to the south-west of this fault.  These rocks do not 

underlie the site area.   

3.3 Mining Issues 

Based upon review of archive information it is apparent that the strata beneath the 

site do contain mineral seams of potentially economic importance.  These, however, 

are at significant depth.  A Coal Authority Mining Report, Appendix D, confirms the 

following: 

 “The property is in a surface area that could be affected by underground 

mining in 3 seams of coal at 240m to 410m depth, and last worked in 1981.” 

 “Any movement in the ground due to coal mining activity associated with these 

workings should have stopped by now.” 

 “The property is not within a surface area that could be affected by present 

underground mining.” 

 “The property is not in an area likely to be affected from any planned future 

underground coal mining.” 

 “There are no recorded coal mine entries known to the Coal Authority within, 

or within 20 metres, of the boundary of the property.” 

 “The Coal Authority is not aware of any damage due to geological faults or 

other lines of weakness that have been affected by coal mining.” 

 “The Coal Authority has not received a damage notice or claim for the subject 

property, or any property within 50 metres of the enquiry boundary, since 31 

October 1994.” 

 “The Coal Authority has no record of a mine gas emission requiring action.” 

Review of desk study information indicates that whilst the site is located in an area 

where coal seams have previously been worked, mineral seams of potentially 

economic importance are unlikely to be present at shallow depth beneath the site.  

Workings should therefore be present at sufficient depth such that even if belated 

settlement did occur it would not impact upon stability at ground surface.   

Furthermore, the site is not within a “Development High Risk Area”, as determined 

by the Coal Authority.  Based upon the information reviewed, the mineral stability of 

the site is considered to be satisfactory and no investigations in this regard are 

therefore necessary. 
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However, as with all sites located within mining areas, particular attention should be 

paid during site works to ground variations, which may suggest the presence of 

unrecorded mine entries. 

3.4 Regulatory Authorities Archives 

The Envirocheck Report, Appendix B; contains information on; landfill sites, waste 

treatment operations, discharge consents and emissions consents, sites holding 

radioactive substances authorisations and hazardous substances consents, 

contemporary trade directories and on sites where fuels are stored. 

Review of this information confirms that there are no records of prescribed 

processes, waste disposal sites, landfill sites, contemporary trade directory entries, 

etc. within the site boundary. 

There is however one discharge notice recorded within the site, which related to a 

public sewage septic tank serving the old Mount Ellen Golf Course club house 

located at Johnston House.  The receiving watercourse is Bothlin Burn.  The club 

house here has since been demolished to make way for residential development 

with any previous drainage infrastructure presumably removed.   

A further discharge consent is located 152m to the south-west of the site at Johnston 

Loch.  This discharge consent relates to surface water run-off from an adjacent 

housing development.   

Potentially Infilled Land (Water) is noted immediately to the west of the site adjacent 

to Johnston Loch.   

There are two registered landfill sites near the site, one 89m to the north-east and 

the other 429m to the north.  The nearer landfill site is a BGS recorded landfill site 

and is at the location of the former Drumcavel Quarry.  Reigart Contracts Ltd. have 

operated this landfill site for the deposition of demolition waste including soil, sand, 

clay, stone, concrete, brick, slate, glass and ceramics.  Other forms of waste are 

prohibited.  The other landfill site is licensed to W H Malcolm and is sited at 

Avenuehead Farm, Moodiesburn.  The license of the site is superseded and there 

appears to be no evidence of any ongoing waste deposition.  The nature of the 

wastes deposited here are unknown although would not be expected to pose any 

risk to the development site given its distance.   
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There are a number of BGS Recorded Mineral sites located in proximity to the site. 

These relate to Drumcavel Quarry, 197m to the north-east, from where silica sand, 

was extracted by opencast methods; Drumcavel Sand Pit, 340m to the north-east, 

where sand was extracted by opencast methods; and Drumcavel Limestone Pit, 

610m to the north-east, where limestone was extracted by opencast methods.  The 

nearest evidence of underground mining was recorded at Avenuehead Limestone 

Pit, 686m to the north of the site, where limestone was extracted. 

There is one obsolete fuel station entry, relating to the former Mount Ellen Filling 

Station which was located 656m to the west of the site.  

There are five Contemporary Trade Directory Entries within 500m of the site.  Only 

one of these is active, a Blacksmiths and Forgemasters referred to as A Marshall 

Blacksmiths located 486m to the south of the site.  The other inactive entries relate 

to a Waste Disposal Service referred to as Gordon McShannock, 118m to the south; 

a Sewage Disposal Equipment and Service referred to as Waste Water Services, 

118m to the south; and Road Haulage Services referred to as Thomas Law Haulage 

Ltd, 177m to the south. 

A Scottish Gas Network (SGN) high pressure gas distribution pipeline runs from east 

to west along the Phase 2 southern site boundary before cutting through the Phase 

3 site. The HP Gas Main is delineated with fencing at an approximate 3m standoff 

from the position of the pipeline.  

Review of the information contained on Envirocheck report confirms that the site is in 

a lower probability radon area, as less than 1% of homes are anticipated to be 

above the action level.  Consequently, no radon protective measures are necessary 

at the site.   

With the possible exception of the infilling at Drumcaval, none of the activities 

identified in the archive are considered to represent any significant risk to any future 

development proposed, although due diligence site investigations including gas 

monitoring will be necessary.   

3.5 Hydrology and Hydrogeology 

The nearest surface water feature in the vicinity of the site is a drainage ditch that 

runs along the northern edge of Phase 2 area.  Although generally dry, this flows 

eastwards into the Bothlin Burn around 100m to the east north-east.   
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Johnston Loch, the most significant water body in the area, is located 178m to the 

south-west of the site. 

Based upon the local topography the general direction of groundwater and surface 

water flow in the immediate vicinity of the site area is likely to be, ultimately, towards 

the north and north-east.  Locally, on Phase 3, a component of surface water flow 

may be towards the west and onwards to Johnston Loch.   

Contaminated soils or groundwater on the site, if any, would essentially be expected 

to impact upon groundwater and surface water bodies in these directions.   

Review of information contained within the Envirocheck report show that the site is 

not within a flood risk area.  Online SEPA flood maps (www.sepa.org.uk/flooding) do 

however show that there may be a medium to high risk of surface water 

accumulation along the centre of the site, within the troughed area in Phase 3 and 

along the route of the ditch to the north of Phase 2.  An area of potential flooding is 

associated with the Bothlin Burn further to the north-east of the site.   

The bedrock underlying the site is classified as a Moderately Permeable Aquifer, 

essentially described as fractured or potentially fractured rocks which do not have a 

high primary permeability or other formations of variable permeability.  However it is 

considered the pathway of any mobile contaminants in the area would be restricted 

and likely broken to any aquifer by the presence of low permeability clays which are 

anticipated to underlie the majority of the topsoil and across the site.   

Any shallow water is not considered to be a water body as defined in the document 

WAT-PS-10 01 given its likely perched nature within glacial materials which would be 

broadly impermeable.   

An estimate of the hydraulic conductivity of the underlying glacial clays would be of 

the order of 1.0 x 10-6m/s or lower.  This would result in yields of water of less than 

10m3/day.  Therefore, in relation to The Water Environment (Controlled Activities) 

(Scotland) Regulations 2005, the superficial soil or drift would be classified as a non-

aquifer.   

The underlying bedrock aquifer may be a receptor in terms of its potential as a future 

drinking water source although this is considered to be unlikely.  The WAT-PS-10 01 

guidance states that future drinking sources should be protected, although there is 

no groundwater source protection zone within 1km of the site on the Envirocheck 

Report.   
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It is considered that the proposed residential end use would not have a significant 

adverse impact on the bedrock aquifer, given the low permeability soils providing a 

barrier to downward migration.   

3.6 Previous Intrusive Investigations 

Site investigations were undertaken by and under the supervision of Raeburn in 

2013, Appendix E, and are discussed in more detail later in this report.  

Investigations were widely spaced within the Phase 2 and Phase 3 areas comprising 

twelve trial pits.   

These encountered topsoil over reportedly soft to firm clays which extended to 

around 1.50m in depth and which were in turn underlain by more competent firm to 

stiff consistency clays.   

No testing or monitoring was undertaken as part of the 2013 investigations.  Further 

detailed site investigations were therefore required in order to confirm the nature of 

the ground conditions, contaminant and soil gas levels.   

3.7 Summary of Desk Study Information 

The following issues/potential construction constraints have been identified from the 

archive information reviewed. 

Engineering: Significant made ground is not anticipated to be present across 

the majority of the site area given its agricultural history, however, 

excess materials from the Phase 1 area were deposited in Phase 

2 around two years ago, albeit the thickness of placed materials 

was generally little more than 1.0m in thickness with topsoil 

replaced.   

Competent glacial soils, comprising stiff consistency clay are 

anticipated to underlie most of the site at relatively shallow depth 

and therefore strip footings in these competent natural materials 

are likely to be a feasible foundation solution, although given the 

undulating nature of the site this would largely be dependent upon 

engineering levels designed for any future development proposed 

with significant upfill anticipated in some areas.   
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More detailed site investigations are necessary to confirm the 

desk-based study information and allow geotechnical laboratory 

testing of soils to be carried out across the site to determine their 

engineering properties to allow the most cost-effective and 

appropriate engineering solutions to be determined. 

Environmental: Based upon the agricultural history of the site and nature of the 

made ground known to be present, the potential for significant soil 

contamination is considered to be low.  

The testing of samples of both made ground and natural soils 

would however determine the requirement for remedial measures 

on the finished development.   

Overall, the potential for gas generation at the site is considered 

to be low.  A former quarry is located to the north-west, however, 

based upon the nature of the infill materials and the distance and 

relative topography this is unlikely to represent a realistic source 

of landfill gas within the site boundary.   

Gas monitoring would however be undertaken as part of the SI 

works to confirm soil gas levels more widely and to determine any 

relevant gas protection measures required for the site.   

Mining: Review of available archive information indicates that, although 

economic mineral seams underlie the site, they are present at 

substantial depth and as such the mineral stability of the site is 

considered to be satisfactory.   
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4.0 PRELIMINARY CONCEPTUAL SITE MODEL 

One objective of the desk study review was to enable an assessment to be made of 

potential environmental risks and liabilities that might be associated with the site as 

a result of both its current and historical usage and the usage of adjacent properties.  

The information obtained from review of available archive material was then used to 

prepare a Conceptual Model for the site in terms of potential types and sources of 

contamination and their potential impact on identified receptors and on the proposed 

end use of the site. 

The Conceptual Site Model (CSM) is used to identify the presence of potential 

sources and types of contamination either on or within influencing distance of a 

development site.  Where potential sources are identified it is necessary to identify 

viable routes of exposure (pathways) by which contaminants could migrate and, 

hence, the potential for contaminants to ultimately impact upon identified receptors.  

The types of receptors that may be impacted are dependent upon the proposed end 

usage of a site. 

The CSM is also integral to the design of site investigations, which should be carried 

out to examine if any contaminants are present and whether viable pathways exist 

between contaminants and the receptors identified.  Where possible the level of 

likely harm to receptors is risk assessed and recommendations to reduce/remove 

potential risks to acceptable levels are formulated.   

At desk study stage therefore, an assessment is undertaken based on review of 

historic archive information and published data.  Therefore, the risk assessment was 

undertaken using a low, moderate and high-risk matrix, depending on the likelihood 

of contamination being present and the significance of the impact/consequences on 

the identified receptors assuming a residential end use.   

Following completion of intrusive investigations and risk assessment the CSM is 

revised using quantitative data, and where necessary, recommendations to break 

identified potential pollutant linkages are made.  The most suitable form of 

remediation will depend to a large extent upon the contaminant identified, and the 

nature of risk and likely receptor.  The aim of the remediation is to break the source-

pathway–receptor linkage which can be achieved in a variety of ways.   

If any of the linkages are broken, the identified risk is deemed to have been 

removed.  For instance, removal of a point source of contamination removes its 

potential to impact upon the identified receptor and the link between contaminant 

and receptor is broken.   
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Likewise, where a barrier is placed between the contaminant source and receptor 

the linkage is again broken as the receptor cannot come into contact with the 

contaminant source. 

Taking cognisance of DEFRA’s R&D Publication, CLR8 and DoE Industry profiles, 

potential contaminants possibly associated with historical activities on site have 

been identified in the CSM summary which is provided in Table 2. 

Table 2: Preliminary Conceptual Site Model 

Location of 

Potentially 

Contaminating 

Activity 

Possible Contaminants 
Potential 

Pathways 
Receptor 

Perceived 

Risk 

Majority of site has 

remained in agricultural 

use and potential risks 

are low.  

Even though made 

ground is present 

locally it has been 

derived from a 

greenfield source.   

Possible gas generated 

from the presence of 

localised made ground 

and the former quarry 

located to the north-

east, albeit this latter 

source is unlikely. 

Herbicides and 

pesticides associated 

with farming 

A general suite of 

analyses (including 

heavy metals, pH, 

sulphate, organic 

content) and, where 

appropriate, PAH’s, 

TPH’s, asbestos and 

pesticides) should be 

carried out on collected 

soil samples across the 

site in order to confirm 

the presence/absence of 

contaminants at 

concentrations of 

concern. 

Groundwater sampling to 

be undertaken in order to 

assess any risk to the 

water environment. 

Monitoring for ground 

gases to be undertaken 

across the site area.  

1. Dermal contact 

and ingestion. 

2. Dermal contact. 

3. Inhalation of 

dust/fibres/vapours 

(indoors and 

outdoors). 

4. Contact with 

buildings/services. 

5. Migration of 

contaminants and 

landfill gas through 

service runs and 

subsequent 

accumulation of gas 

in buildings. 

6. Leaching of 

contaminants into 

groundwater and 

off-site migration. 

7. Ingestion of site 

grown vegetables. 

Site contractors 

during 

development. 

1,2,3 (low) 

Future Site 

Residents 

1,2,3,5,7 

(low) 

Adjacent Land 

Users 

3,5,6 (low) 

Flora and Fauna 

on the site and 

surrounding 

area. 

1,2,3 (low) 

Buildings and 

Services. 

4,5 (low) 

Groundwater 

and surface 

waters. 

6 (low) 

Based on the information reviewed potential environmental risks associated with the 

development proposed were considered to be low in respect of the soil contaminant 

levels and gassing activity but would require further assessment and investigations 

to confirm.   

Due diligence geotechnical and environmental investigations were considered to be 

necessary in order to confirm ground conditions across the site area as a whole and 

provide chemical and gas monitoring data upon which more detailed risk 

assessments could be undertaken.  These works are discussed in greater detail in 

this report.   
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5.0 SITE INVESTIGATIONS 

The site investigations were undertaken to achieve the following objectives:  

 To verify the geotechnical ground conditions identified at desk study stage 

and previous site investigations to assess the extent and depth of any 

unsuitable engineering soils with respect to foundations and development i.e. 

made ground or weak natural soils.  This, along with geotechnical testing on 

representative samples, would enable the most suitable foundation solutions 

to support the future development proposed to be established.  

 To quantify any soil gassing levels within the site boundary.

 To assess the significance of any contaminant levels associated with made 

ground and/or natural soils by selecting samples for geochemical testing from 

across the site.

 To determine possible impacts that any contaminants, if identified to be 

present, are likely to have on identified site receptors both during and 

following development by undertaking detailed risk assessment.

A previous site investigation of the wider area was undertaken by Raeburn in 2013, 

some of which was located within the site area.  The investigation locations were 

relatively widely spaced, and no testing was carried out therefore more detailed 

investigations were recommended and have been progressed under the supervision 

of DRM in 2020.  These were undertaken to inspect ground conditions and allow the 

collection of soil samples for more detailed geotechnical and geochemical testing, in 

addition to the installation of gas monitoring standpipes and are summarised below.   

5.1 Raeburn (2013) 

 Twelve machine excavated trial pits (TP1 – TP12) were excavated in the site 

area to depths of between 2.60m and 4.00m below ground levels.  

5.2 DRM (2020) 

Intrusive site investigations were proposed and have been undertaken by SKF Ltd. 

under the supervision of DRM and were designed to assess potential constraints 

within the site boundary.  The following works were undertaken: 
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 Eighteen terrier rig boreholes (BH01 – BH18) were advanced to depths of 

between 2.20m and 5.00m below existing ground level (BEGL) by SKF.  

Following completion, gas monitoring standpipes were installed in each of the 

boreholes.  

 Forty-seven machine trial pits (TP01 – TP47) were advanced to depths of 

between 1.800m BEGL and 3.00m BEGL by SKF Limited.  

Trial pits and soils boreholes were undertaken at approximate 30m to 40m centres 

across the site given its greenfield nature and knowledge with regard to the made 

ground which was present.   

Samples were collected for geotechnical and geochemical testing from across the 

site.   

The current and historic soil investigations took due cognisance of original and 

updated British Standards BS5930:2015 [3] and BS10175/2001+a2:2017 [4] guidance 

and codes of practice.  It is considered that the locations and spacings of the trial 

pits and soils bores are suitable in order to provide a representative indication of 

ground conditions across the site.   

Trial pit and borehole logs prepared by SKF Ltd are provided in Appendix F along 

with the results of geotechnical testing.  The approximate locations of all of the 

exploratory trial pits and soils boreholes advanced within the site area from the 

previous and current site investigation are shown on Drawing No. E11930/0101, 

Appendix G.  This drawing also confirms the relative depths of upfilling undertaken in 

Phase 2 in 2017/2018.   

5.3 Geotechnical Sampling Strategy and Analysis 

As the boreholes and machine-excavated trial pits were advanced, details and depth 

of the strata encountered were noted, together with the depth of disturbed and 

undisturbed soil samples taken.  The stability of the sides of the pits was also 

recorded.  In situ Standard Penetration Tests (SPT’s) were taken and undisturbed 

samples were collected during the drilling of boreholes and observations on 

groundwater conditions noted.   

Representative samples of each soil strata were collected from the trial pits and 

boreholes advanced by SKF in glass jars, tubs and bags for more detailed 

examination and geotechnical analysis.   
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The following analysis was undertaken on collected soil samples, as previously 

confirmed, testing was not undertaken in 2013.  

 3 Particle size distribution (sieve) tests;  
 62 Moisture content tests; 
 22 Multi-stage undrained triaxial compression tests; 
 17 One dimensional oedometer consolidation tests; 
 52 Atterberg Limit Tests; 
 14 CBR tests; 
 9 Optimum moisture content testing; 
 2 MCV calibration tests; 
 6 MCV single point tests. 

5.4 Geoenvironmental Sampling Strategy and Analysis 

Based upon the observations made in the boreholes and machine-excavated trial 

pits samples were selected for more detailed geochemical testing.   

Given the proposed end use of the site, the main receptors identified would be 

construction personnel during groundworks and development activities as well as 

the future residents living on the site.  With this in mind, soil samples selected for 

chemical analysis were generally collected from soil horizons within 1.50m of ground 

surface, as it is these soils that the identified receptors are most likely to come into 

contact with.  Samples of natural soils and made ground were selected for a 

standard contaminant suite with made ground samples also analysed for more 

detailed testing including PAH’s, TPH’s and asbestos.  Samples of topsoil were also 

analysed for pesticides and herbicides, given the previous agricultural usage.   

A summary of the geochemical tests undertaken on samples collected from site area 

is summarised below.   

 22 Tests for total organic carbon; 

 63 samples for; arsenic, cadmium, total chromium, copper, lead, mercury, 

nickel, selenium, zinc, total cyanide, pH, boron (water soluble), monohydric 

phenols, total sulphate, water soluble sulphate and sulphide;   

 32 Asbestos screen identification on made ground and topsoil samples; 

 29 samples each were tested for speciated TPH and PAH; 

 7 samples were tested for organochlorine pesticides, phenoxy acetic acid 

herbicides and organophosphorous insecticides; 

A number of the boreholes had little or no water in them or dried up during well 

development and purging which would tend to indicate a perched water table.   
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This is not unusual in areas where competent glacial soils are present at shallow 

depth.  The perched nature of the water was apparent during the well development 

and purging when, even where water was initially present, it did not recharge.   

Water samples were however collected from boreholes BH1, BH4, BH6, BH11, 

BH12, BH13, BH16 and BH18.  In addition, a water sample was also collected from 

the drainage ditch located on the Phase 2 area boundary.   

The water samples were collected into laboratory supplied 1 litre amber glass and 

plastic bottles that were filled to overflowing.  Samples for more detailed organic 

analysis were collected into clear septum vials. 

The water samples were tested for; arsenic, cadmium, total chromium, copper, lead, 

mercury, nickel, selenium, zinc, total cyanide, pH, boron (water soluble), monohydric 

phenols, total sulphate, water soluble sulphate and sulphide.  With five of the 

samples also analysed for speciated TPH and PAH and three for VOC content given 

the limited volumes of sample obtained from some of the installations.   

The sampling and analysis undertaken is considered to be suitable to assess 

potential soil and water contamination risks on the basis of the size of the site and its 

largely agricultural history.   

5.5 Ground Gas Monitoring 

Six rounds of gas and groundwater monitoring were completed on the site following 

the site investigations undertaken.  Some of the boreholes within Phase 3 required 

to be repaired and reinstated and as such at the time of writing six readings had not 

been undertaken in each of the boreholes advanced.  Gas and groundwater level 

monitoring was undertaken using an infra-red gas analyser GA5000 and an 

electronic dip meter.   

The maximum methane, carbon dioxide, carbon monoxide and hydrogen sulphide 

concentrations and minimum oxygen concentration recorded in each installation 

over a sixty-second monitoring period were taken as the gas concentrations.  The 

prevailing atmospheric pressure during all monitoring events was also recorded.  

Gas flow rates were measured on all occasions.  
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6.0 SUMMARY OF GROUND CONDITIONS 

The following section summarises the subsoil conditions encountered during the site 

investigation undertaken with the logs provided in Appendices E and F.   

6.1 Topsoil and Made Ground 

Review of trial pit and borehole logs confirmed that topsoil was present across the 

site at ground level to depths generally of the order of 0.25m and 0.30m below 

ground levels and locally a little more.  Locally the topsoil was a shallow as 0.10m in 

an area where some post earthworks reinstatement had been undertaken.   

Reworked topsoil and clay was identified to 0.80m in TP10 on the north-eastern 

portion of the site, whilst reworked clays containing anthropogenic material (brick, 

porcelain and traces of plastic) was present in TP14 and 16 to depths of 1.40m and 

0.70m, respectively.  

It is known that excess clays were placed within the southern and central portions of 

the Phase 2 area in late 2017 and early 2018.  Clay thicknesses were generally less 

than 1.0m, however, within the north-eastern portion thicknesses of up to 2.75m are 

present.  The placed materials were often not recognised as made ground by the 

site investigation contractor but were taken as being weak natural clays which would 

confirm the absence of intermixing of clays with anthropogenic materials.   

The thicknesses of the placed materials are shown on Drawing No. E11930/0101, 

Appendix G.   

6.2 Natural Soils 

Beneath topsoil and made ground, natural soils were found to comprise firm to stiff 

and stiff consistency sandy gravelly clay with gravel, cobbles and occasional 

boulders.  Clays were also locally a little softer in consistency immediately below 

topsoil and made ground which is likely due to weathering.  Within the clays, 

occasional bands of medium dense sands and gravels were present.   

A 0.30m thick layer of very soft dark greyish brown fibrous peat was identified in 

TP37 at a depth of 2.30m below existing ground level.  A 0.10m thick layer of brown 

slightly peaty sand was also identified in BH04 at a depth of 2.90m.   
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A 0.30m layer of grey slightly peaty clay with occasional pockets of sandy peat was 

identified in BH18 at a depth of 2.90m below existing ground level.  These 

exploratory positions are located within he lower lying areas of the site, the trough 

within Phase 3 and the northern edge of Phase 2.  These materials although not 

extensive are likely to be alluvial in nature, previously deposited in lower lying areas 

between more competent glacial drift mounds.   

6.3 Obstructions & Bedrock 

Four exploratory positions encountered obstructions at depths ranging between 

1.20m and 4.85m, which were describes as possible bedrock or a recovery as sandy 

gravel of sandstone presumed as bedrock. A further five trial pits were terminated 

before their scheduled depth on a “boulder obstruction”.  Whilst the occurrences 

within the northern edge of the site may represent rockhead at depth one position, 

BH10 on the southern portion of the site is located in an area where drift thicknesses 

of 15m or so are anticipated.  This is therefore likely to represent a particularly large 

boulder.   

6.4 Groundwater 

Water strikes were encountered in a total five locations during the drilling of 

boreholes and a further three locations during the trial pit excavations.  The water 

strikes were identified at depths ranging between ground level and 3.00m.  The flow 

at the location of the groundwater strikes were generally described as a “seepage”, 

however in TP04 and TP27 the flow was described as “rapid” and “moderate” 

respectively. 

Standpipes were installed in boreholes upon their completion to allow the longer-

term monitoring of water levels.  These are summarised in Table 3.   

Based upon the levels measured, water may be encountered in shallow excavations 

if left open for longer periods.  Water control for overland flows during periods of 

inclement weather during development and any earthworks should also be allowed 

for which is a standard requirement, particularly given the essentially impermeable 

nature of the glacial clays.   

Allowance should also be made for shoring of deeper excavations, again as is good 

practice to guard against the potential for collapse particularly if water is 

encountered.   
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Table 3: Water fluctuation range in boreholes 

Borehole Water Depth(s) Below Existing Ground Level (m) 

BH1 0.44 – 0.93 

BH2 0.80 – 1.72 

BH3 0.25 – 0.77 

BH4 2.50 – 3.06 

BH5 0.18 – Dry @3.85 

BH6 0.25 – 1.09 

BH7 0.58 – 2.77 

BH8 0.33 – 0.76 

BH9 0.29 – 3.86 

BH10 0.20 – 0.68 

BH11 0.55 – 1.80 

BH12 0.37 – 0.97 

BH13 0.34 – 1.05 

BH14 0.00 – 0.15 

BH15 0.26 – 2.08 

BH16 0.30 – 2.15 

BH17 0.38 – 0.78 

BH18 0.90 – 1.91 
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7.0 SUMMARY OF GEOTECHNICAL TEST RESULTS 

The investigation has confirmed the presence of glacial soils beneath topsoil and 

made ground with these latter materials being locally present within the southern and 

central portions of the Phase 2 area.   

Representative samples of the materials encountered were selected for testing with 

the results presented in Appendix F, these are summarised below.   

7.1 Made Ground 

One sample of recorded made ground collected from TP14 was subjected to particle 

size distribution testing which broadly confirmed the field descriptions with sandy 

gravelly nature of these reworked clays with particles in the sand and gravel fractions 

of nearly 60%.  A moisture content test was also undertaken on this sample of made 

ground which returned a value of 19.0%.   

7.2 Glacial Till  

SPTs were undertaken within all the boreholes throughout their depth.  ‘N’ values in 

the natural glacial soils generally  

‘N’ values in the natural glacial clays ranged between 10 and 73 and generally 

increased with depth as would be expected.  Whilst the limitations of SPT’s in 

cohesive soils is recognised, the in-situ testing undertaken would tend to indicate 

minimum allowable bearing pressures of the order of 100kN/m2 which increase with 

depth.   

Lower values of 9, 7 and 6 were recorded in the shallow clays in BH1, BH14 and 

BH15 which may be function of weathering of these materials and would indicate 

that lower bearing pressures may apply to the clays at shallow depth in some areas.  

These values would indicate minimum allowable bearing pressures of the order of 

60-75kN/m2 and further discussion in this regard is provided in the following section 

of this report.   

N values of 1 and 3 were measured in the borehole BH7 at depths of 1.0m and 2.0m 

below ground levels.  Although not identified as such by the driller it is considered 

that these were measured in the clay upfill materials placed in 2017/2018 and as 

such do not represent the natural clays in this position.   



Phases 2 & 3, Gartcosh

Site Investigation Report 

David R Murray & Associates                 July 2020  E11930 

26

It is anticipated that the natural clays in BH7 would be present at depths of around 

2.50m.   

Lower N values of between 4 and 8 were measured during the drilling of boreholes 

BH2, BH4 and BH18.  These boreholes are located on the lower-lying northern 

portion of the Phase 2 area and within the lower-lying trough area of Phase 3.  Weak 

clays and occasional peaty materials (albeit in thin bands) were present and it is 

considered that the shallow materials in this area represent alluvial soils rather than 

weathered glacial clays.   

Laboratory tests were carried out on undisturbed clay samples collected from 

boreholes to provide further information on the geotechnical properties of these 

deposits.   

Apparent cohesions in undrained triaxial compression tests on unweathered and 

weathered natural clay samples generally 66kPa and 151kPa with friction angles of 

between 10.6° and 23.4°.  This range confirms the in-situ strengths of the glacial 

clays in most areas to be in excess of 100kN/m2 with values increasing with depth.   

Lower values in the shallower weathered clays were also measured at between 

36kPa and 40kPa with friction angles of between 4.6° and 13.9° which would 

indicate reduced allowable bearing pressures of the order of 75kN/m2.   

Undisturbed clay samples collected from BH2 and BH4 within the lower lying 

northern area of Phase 2 returned values of between 8kPa and 22kPa and friction 

angles of between 4.6° and 13.9°.  These values would again confirm the weak 

nature of the suspected alluvial materials within this portion of the site with allowable 

bearing pressures of 30kN/m2 and less likely to apply to these soils.  Although BH18 

is considered to be located in an area of alluvial soils, testing on undisturbed shallow 

samples from this position indicated allowable bearing pressures of around 75kN/m2

may apply to these and as such some of the alluvial soils may be more competent 

locally or exhibit a more desiccated crust.   

The results of one-dimensional consolidation testing taken on the same samples 

reported coefficient of volume compressibility (Mv) values of between 0.059m2/MN 

and 0.19m2/MN correlating clays of low to medium compressibility.  Values slightly 

higher than this range were recorded in alluvial soils.  The highest compressibility 

value 0.26m2/MN was associated with a sample collected BH7 at a depth of 2.0m, 

although as previously confirmed, it is considered that this represents reworked 

glacial clays of relatively recent deposition.   
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Classification testing on cohesive soils (Atterberg Limits) confirmed these to be clays 

of predominantly low to intermediate plasticity with Plasticity Indexes of 8-16%.  

Higher values were associated with some weathered clays collected from a little 

below the topsoil horizon.   

Moisture contents in the cohesive materials generally ranged between 10% and 20% 

which is as expected within glacial clays.  Moisture contents within the very shallow 

clays were locally up to 26% confirming the weathered nature of these.  The sandy, 

peaty horizon at 3.0m in BH4 also returned a moisture content of 28%.  Shallow 

clays from TP37 and TP39 which were weak and are thought to represent alluvial 

deposits returned moisture contents of 44% and 32%, respectively.   

Particle size distribution testing confirmed field descriptions of the natural materials 

tested with the clays tested from TP20 indicated to be sandy and gravelly with over 

50% of the particles in this sample being within the sand and gravel fraction.   

To allow assessment of the potential suitability of natural soils for re-use in 

earthworks more detailed testing was scheduled with Optimum Moisture Content 

(OMC) tests undertaken on samples from area areas of anticipated cut, although 

samples were also collected from various depths. The results are provided in 

Appendix F where they are summarised in the form of a plot of dry density against 

optimum moisture content. 

Laboratory compaction testing is used to indicate an acceptable range of moisture 

content that will achieve 95% or more of the maximum dry density and this is taken 

as the optimum moisture content +/- 2% for the material.  The results are 

summarised in Table 4, comparing the natural moisture content where available, with 

the optimum moisture content.   

Table 4: Results of earthworks testing 

Sample / Depth  Soil Type Natural MC (%) OMC (%)

TP2 – 1.00m Sand 23 12

TP17 – 2.00m Clay 17 12

TP20 – 1.00m Clay 23 14

TP20 – 2.00m Clay 17 12

TP20 – 3.00m Clay 20 12

TP21 – 2.00m Clay 14 12

TP28 – 0.50m Clay 21 14

TP37 – 0.50m Clay 44 20

TP42 – 0.50m Clay 22 14
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As has previously been noted, moisture contents within the shallower glacial soils at 

the site are generally around 20% on average and in some locations are higher.  

With the localised made ground and alluvial soils containing an even higher moisture 

content.  The earthworks test results show that the natural moisture contents, 

particularly within the shallower soils are generally outwith the accepted range and 

as such the soils tested have natural moisture contents that are often too high in 

their as dug state to be considered for structural filling without some form of 

modification being employed.   

Moisture condition value testing (MCV), Appendix E, on cohesive soils confirmed 

materials with moisture contents of generally less than 15% may be suitable for use 

in earthworks as they achieved the generally accepted figure of 8.5.  This testing 

correlates reasonably well with the OMC testing undertaken.   

The as dug moisture contents are generally a little high, particularly within the 

shallower materials with modification required to reduce as dug moisture contents to 

render cut materials suitable for re-use in earthworks as structural fill.  Materials from 

depths in excess of 1.50m may be more amenable for re-use in earthworks given 

their lower moisture contents, albeit it is apparent from the initial cut and fill designs 

proposed, that areas where deeper cut is anticipated are very limited in area and 

would not generate sufficient quantities of suitable material for use in structural 

earthworks.   

Structural filling using as dug natural soils is therefore unlikely to be a suitable 

foundation solution for any areas where upfilling is requirement to meet proposed 

engineering levels unless a programme of modification in association with a 

volumetrics assessment is undertaken.   

7.3 Buried Concrete 

Results of sulphate and pH testing on sixty-three samples confirm pH ranges in the 

soils tested were between 5.1 and 8.0.  The majority of the samples from which pH 

values of less than pH 5.5 were measured consisted of topsoil which would not be in 

physical contact with buried concrete.  One sample of peaty material collected at 

depth from BH4 returned a pH value of pH 4.4 whilst a shallow clay sample from 

TP41 returned pH value of 4.8.   

The soluble sulphate results obtained from samples across the site were generally 

low and with a maximum concentration of 110mg/l.   
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Taking cognisance of all results, it is considered that, overall, sulphate design class 

DS1 and ACEC class AC1 as defined in BRE Special Digest 1:2005 should be 

allowed for the design of buried concrete.   

Peaty deposits are locally present at depth and where foundation concrete or 

concrete piles are likely to be in physical contact with these soils the ACEC class 

should be increased to AC-2z.   
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8.0 GEOTECHNICAL APPRAISAL 

8.1 Foundation Design and Drainage 

The site is proposed for the development of two-storey housing with private garden 

areas.  Roads and drainage infrastructure to service the built development would 

also be established.  Line loads for two storey structures are likely to be of the order 

of 50kN/m run.   

Firm to stiff and stiff consistency clays underlie topsoil at shallow depth across the 

majority of the site, however there are localised areas of weaker material present in 

addition to over 2.0m of placed clay fill locally within the eastern portion of the Phase 

2 area.  Weak alluvial materials occasionally containing thin peaty horizons are also 

locally present along the northern edge of the Phase 2 area and within the lower 

lying area that runs through the centre of the Phase 3 area.   

Across much of the site area it is considered that where finished site levels are equal 

to or lower than those currently present it should be possible to support low rise 

development on standard concrete strip footings assuming a minimum allowable 

bearing capacity of 100kN/m2.   

Shallow clays are locally a little weaker and concrete trench fill should be used to 

replace any thin or localised softer/looser patches if these are identified at or within a 

metre of formation level.  Alternatively, lower design bearing pressures could be 

adopted.  Depending on the engineering design, the localised use of lean mix trench 

fill or deep underbuild in brick/blockwork may be required where ground levels 

require to be raised above those currently existing.   

Test pitting on a plot by plot basis should be undertaken immediately prior to 

construction and placement of foundations to confirm the nature of strata at 

formation depths within the site boundary.   

Notwithstanding the foregoing, given the sloping and undulating nature of the site it 

is apparent that some areas of extensive filling will be necessary in order to meet the 

proposed design levels.  On this basis the use of concrete trench fill and deep 

underbuilding is unlikely to be economic across a number of areas of the site.   

In particular ground levels within the lower lying trough area of Phase 3 are proposed 

to be raised by between 2.0m and 3.0m above those currently existing with the 

extent of upfilling reducing towards the north.   
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To create a suitable platform for development within the Phase 2 area ground levels 

will also be raised by in excess of 3.0m and in some areas the depth of upfill would 

be 4.0m.  As would be expected the areas of most significant upfill in Phase 2 would 

be within the northern and eastern portion with some limited, generally less than 

2.0m, cut proposed for the southern and south-western portions of this area.   

On the basis of the proposed cut and fill it would appear that there will be a 

requirement to import soils to make up levels given the absence of any significant cut 

proposed.  Following the stripping of topsoil, it is anticipated that an earthworks 

contractor would be retained to platform the site to an agreed level in advance of any 

construction activity.   

Within the lower lying areas of the site suitable formation depths are 2m-3m below 

existing ground levels given the weak nature of the alluvial materials.  Once 

earthworks to anticipated finished ground levels are complete formation depths could 

be of the order of 6.0m below finished ground levels.  Similarly, albeit on a more 

localised basis, clay fill materials are present to depths in excess of 2.0m on parts of 

the sites eastern portion where ground levels also require to be raised.  Formation 

depths in this area could be between 4.0m and 5.0m below proposed finished 

ground levels.   

Specialist foundation solutions are therefore considered to be necessary within the 

areas of the site where the greatest degree of upfilling is proposed.  For vibro 

improvement to be considered imported materials would require to be consist of less 

than 10% fines granular materials which may not be cost effective given the volume 

required.  Furthermore, the alluvial materials at depth on the northern portion and the 

more recently placed clay materials within the southern and central portions of 

Phase 2, would not be suitable for improvement by vibro methods due to the 

potential for long term settlement which would impact upon the integrity and stability 

of the vibro stone columns.   

On this basis, following upfilling to an agreed platform level consideration should be 

given to founding housing units on ground beams supported on piles.  The most 

suitable method of piling would need to be established through discussion with 

specialist contractors however piles driven to set within the underlying stiff glacial 

clays or bedrock are anticipated to be suitable with pile lengths of the order of 10m 

allowed for in the first instance.  The use of ground beams and piling should be 

costed against deep trench fill to determine a suitable cut off above which piling 

becomes more a more economic proposition.   
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Any site won or imported upfill materials placed would need to be suitably tracked in 

and rolled to an earthworks specification albeit under the scenario where piling is 

utilised these materials would not be required to perform a structural function for the 

building proposed.  It would be necessary to ensure that the materials are suitably 

placed and compacted to avoid longer term settlement.   

Upfill materials would impose loading on the underlying natural strata which may 

induce settlement within the clay fill materials, where present and, in particular, the 

alluvial soils.  Peat deposits are relatively thin and as such potential settlement may 

not prove to be excessive.  Following any upfilling works, however, a period of levels 

monitoring should be undertaken to assess the scale of any settlement induced with 

plot drainage designed accordingly.   

Based upon the development layout it is apparent that roads and drainage 

infrastructure are not proposed in the area of alluvial deposits on the northern portion 

of the Phase 2 area or only encroach into the very edge of this area.  Within the 

Phase 3 area however roads and drainage would be required to cross the area of 

alluvial deposits.  Although potential settlements induced within these materials are 

likely to be low, consideration should be given to their removal where they underlie 

roads and drainage as is good practice.   

An alternative approach to foundations within areas of upfill would be to import 

structural materials and roll and compact them to an earthworks specification to 

achieve an end product of 95% of the maximum dry density with minimum CBR 

values of 5% for roads.  Imported materials can either be granular or cohesive 

however where cohesive soils (including any generated from within the site itself) are 

utilised it is likely that a degree of modification through the addition of lime would be 

necessary to reduce the moisture content.   

Following successful completion of the stabilisation programme it should be possible 

to support the housing development proposed on doubly reinforced strip footings 

assuming an allowable bearing pressure of 100kN/m2.  Provided that modified soils 

also achieve 5% CBR this would remove the requirement for capping layers beneath 

road pavement, although care would need to be taken to ensure that soils are 

correctly recompacted once drains have been installed.   

The use of structural fill would however require the initial removal and replacement of 

weak soils (in particular the alluvium) where present to ensure a suitable starter layer 

on which to place structural soils.  Given the sloping nature of the site, care would 

also need to be taken to ensure that an even thickness of structural materials is 

present beneath the entirety of the building footprint. 
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This would prevent any potential for differential settlement beneath the future 

housing proposed.   

If suitable for improvement, any weak materials removed from the formation could 

also be modified through the addition of lime prior to their use in earthworks.   

In the event that lime modification and placement are selected as the most suitable 

and economic foundation solution for the site, a detailed earthworks specification 

and method statement detailing proposed modification and compaction methods, 

proposed testing regimes and programmes etc would need to be provided by the 

specialist contractor selected to undertake the works in order that this can be agreed 

with the regulatory authorities.   

In more general terms, the soils at the site are likely to be susceptible to moisture 

and arisings earmarked for re-use even as general fill should be suitably sealed and 

protected from the elements where they are not placed immediately after generation 

or modified for use in earthworks.    

Liaison will also be required with SGN to agree suitable working practices during 

earthworks and construction in the vicinity of the high-pressure gas main which runs 

along the southern edge of Phase 2 and crosses the Phase 3 area.  Albeit all built 

development is proposed to be constructed to the north of this infrastructure with the 

requirement to form a crossing point in only one location on the south-eastern edge 

of the Phase 2 area.  The part of the Phase 3 area to the south of the gas main 

would be subject to future use an amenity/play area with no built development 

proposed.   

Based upon the water level monitoring undertaken, there is a potential that water 

would enter foundation and drainage excavations if left open for longer periods in 

some areas.  A standard allowance for water control should be made for all 

excavations with further allowance made for the control of overland flows during 

periods of inclement weather during development and earthworks, particularly given 

the sloping nature of the site.   

Notwithstanding this, given the requirement for upfill in some areas it is likely that 

foundations and drainage excavations would be above the level of any existing 

perched water table across larger areas of the site.  

As is general good practice, foundation formations should still be protected against 

surface and rainwater by placing a blinding concrete or the foundation concrete itself 

as soon as the foundation excavation has been prepared.   
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The investigations indicate that bedrock is unlikely to be met in foundation and 

drainage excavations within the site.   

8.2 Access Roads 

A full capping layer will be necessary beneath road pavement in areas where upfill is 

required to meet proposed engineering levels and in areas of existing made ground.   

Laboratory CBRs, Appendix F, have indicated that the CBR values taken from areas 

of cut at the proposed road locations range between 0.4% and 3.2% further 

confirming the requirement for full capping. 
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9.0 APPRAISAL OF ENVIRONMENTAL ISSUES 

As previously discussed, the potential risk associated with contaminants has been 

assessed using the source-pathway receptor principal.  The assessment undertaken 

therefore was designed to explore more fully the potential for contaminants to be 

present on the site based upon the existing data and to explore whether any viable 

pathways by which contaminants could impact upon identified receptors. 

By carrying out such an assessment it is possible to assess whether land for 

redevelopment is ‘suitable for use’ in its present state.  Where the risk assessment 

indicates that there is an unacceptable risk to identified receptors from the presence 

of contamination, a development site cannot be considered as being suitable for use 

without some form of remedial action being undertaken.   

The Environmental Protection Act Part IIA identifies contaminated land as ‘any land 

which appears to the local authority in whose area it is situated to be in such a 

condition, by reason of substances in, or under the land that; a) significant harm is 

being caused or there is a significant possibility of such harm being caused; or b) 

pollution of controlled water is being or is likely to be caused’.   

Soil sampling and gas monitoring were therefore undertaken as part of the present 

investigation.  The information obtained enabled the risks identified in the 

Conceptual Site Model to be more accurately quantified and assessment made of 

whether the site was suitable for use.  In this case suitable for use refers to the 

development of the site for residential use with private areas.   

The data obtained was therefore assessed in conjunction with information on ground 

conditions and development proposals.   

9.1 Soil Contamination 

A tiered approach to risk assessment has been undertaken following review of site 

data.  The tier 1 risk assessment is structured according to the classes of receptors 

identified in the CSM and the first step of our assessment involves the comparison of 

laboratory data against conservative generic criteria published by a variety of 

organisations.   

The Environment Agency and DEFRA published their Contaminated Land Report 

(CLR11)[1] in 2004, and now supersedes the Contaminated Land Reports CLR7-

10[56-59], published in 2002.   
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CLR11 is supported by the Environment Agency Science Reports SR2-4[6-8], 

published in 2009, which provide the technical background and guidance to human 

health toxicological assessment and the Environment Agency’s Contaminated Land 

Exposure Assessment (CLEA) model, CLEA v1.06.  This software has been updated 

and CLEA model v1.07 is now available for use.   

The assessment levels generated by CLEA v1.07 have been used in this report as 

an indicator parameter in the first instance.  It is noted that the concentrations 

generated are actually more stringent than recently produced and widely available 

peer reviewed assessment levels for contaminated land assessments.  In particular 

the Suitable For Use Assessment Levels (S4UL’s).   

The S4ULs follow on from the previous LQM/CIEH Generic Assessment Criteria 

which were widely used by many local authorities and private sector practitioners. 

The S4ULs represent updated assessment criteria in line with recent developments 

in UK human-health risk assessment practice, including additional land uses and 

exposure assumptions presented in Defra's C4SL guidance.  However, unlike the 

C4SLs, the S4ULs are all based on Health Criteria that represent minimal or 

tolerable levels of risks to health as described in the Environment Agency's SR2 

guidance, ensuring that the resulting assessment criteria are 'suitable for use' under 

planning.  

Updated SGV’s for inorganic contaminants hazardous to human health were 

published by the Environment Agency in 2009: arsenic[9], cadmium[10], nickel[11] , 

mercury[12], selenium[13], and phenol[14].  Updated SGV’s are also available for a 

number of BTEX (organic) contaminants; benzene[15], ethylbenzene[16], toluene[17], 

xylene 18] and dioxins, furans and dioxin-like PCB’s[19]. 

Additional toxicological data[20-29] and supplementary information[30-39] has also been 

published by the Environment Agency in 2009 for these contaminants and should be 

used in conjunction with the SGV documents. 

The site specific CLEA model v1.07 has also been utilised by David R. Murray & 

Associates to derive guideline assessment values for a range of polycyclic aromatic 

hydrocarbons (PAH) and total petroleum hydrocarbons (TPH).   

Updated SGV’s were not published for chromium[40], lead[41], and cyanide[42].  The 

toxicological (TOX) reports[43-55] have been referred to and CLEA model v1.07 has 

been used to calculate an assessment concentration for these contaminants with the 

exception of lead.   
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DEFRA has funded further research with one of the contaminants to be assessed 

being lead.  The aim of the research was to derive Category 4 screening values for a 

variety of different land uses.  Defra classify Category 4 as posing no risk or that the 

level of risk posed is low, although it is acknowledged that the values produced 

would be strongly precautionary.   

Review of the data published in the DEFRA document (SP1010 Claire 2014) 

confirms provisional C4SL’s for lead in the residential development with homegrown 

produce category of between 82mg/kg and 210mg/kg depending upon LLTC’s (low 

level of toxicological concern) values for lead intake leading to various blood lead 

concentrations in receptors.   

For the purposes of the current assessment 200mg/kg which has been derived on 

the basis of a LLTC of 5ug.d/l (blood lead concentration) for children for all exposure 

to lead.  Research in the USA has subsequently led to the adoption of a blood lead 

level threshold to 5ug.d/l for children.   

The mean daily intake from non-soil sources has also been allowed for in the 

derivation of the 200mg/kg assessment level.   

SP1010 also confirms that 200mg/kg is the limit for lead in compost for general uses 

PAS 100:2011 (BSI, 2011).  There therefore seems to be little value in remediating 

to concentrations lower than this where there is the potential that the homeowner 

could buy materials for use in their garden area with lead levels of up to 200mg/kg 

lead content.  In addition, one of the key considerations as identified in the document 

is the principal of as low as is reasonably practicable (ALARP).  The utilisation of an 

assessment concentration which is so low that it approaches soil background levels 

is not considered to be practicable or desirable.  This could result in 

recommendations to remediate a greenfield site by the importation of soils from other 

greenfield sites.   

In order to assess the potential phytotoxic risks associated with soil contaminants, 

documentation relating to the use of sewage sludge on agricultural land has been 

used in the absence of suitable phytotoxic criteria.   

There is currently no authoritative UK guidance on generic assessment criteria for 

the phytotoxic potential of contaminated land, however, guidelines do exist governing 

phytotoxicity with respect to agricultural land.  The 1996 MAFF document: “Code of 

Practice For Agricultural Use of Sewage Sludge”[60] sets out guidelines on the 

maximum permissible concentrations of potentially toxic elements.   
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Although the criteria are intended for use in agricultural settings and deal specifically 

with the use of sewage sludge as a fertilizer, David R. Murray & Associates have 

adopted the guidelines as generic assessment criteria in the first instance as they 

represent an authoritative, peer reviewed position which has also been adopted by 

several other governmental agencies for such purposes.   

The risks posed by on site contamination to proposed structures are assessed with 

reference to documents published by the Building Research Establishment (BRE) 

and the British Standards Institute. 

The BRE publication on “Special Digest 1: Concrete in Aggressive Ground” (2005)[5]

details the compositional specifications required for concrete when laid in ground 

which poses a potential risk of acid or sulphate attack.  These specifications are in 

line with those outlaid by the BSI document BS EN 206-1/BS 8500[61] and have thus 

been adopted by David R. Murray & Associates as generic assessment criteria. 

At the LEVEL 1 assessment stage where contaminant levels are lower than the 

generic criteria or the laboratory limits of detection, no further assessment and/or 

remediation is deemed to be necessary and identified receptors are not considered 

to be at risk from the levels of soil contamination identified.  For this approach to be 

appropriate the laboratory limits of detection need to be set at a suitable level.   

Depending upon the concentrations measured, where synthetic organic substances 

(such as TPH) are identified in soils, a more detailed assessment is considered to be 

necessary and LEVEL 2 risk assessment methodologies are utilised.   

9.2 Level 1 Soils Assessment 

Science Report SR3 distinguishes only between residential, allotment and 

commercial end use, although CLEA v1.07 allows for an assessment based on 

homegrown (private gardens) or non-homegrown (communal landscaping) produce, 

and a variety of two-storey residential development.   

Published SGV’s are based on residential end use, regardless of garden areas, 

reflecting the relative weighting of exposure risk away from ingestion and towards 

inhalation of contaminated soils (i.e. inhalation is a risk whether communal 

landscaping or private gardens are employed).   

Previously issued SGV’s made the distinction between the risks associated with 

private gardens and communal landscaping.  It is noted that S4UL’s do now allow for 

a wider variety of potential land uses.   
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The proposed end use for the site is residential development with private garden 

areas.  Utilising available guidance, Soil Guideline Values (SGV’s) appropriate to the 

development proposed have been utilised in the risk assessment process.  The 

results of analysis are provided in Appendix H and are summarised in Table 5. 

Table 5: Summary of contaminant results from site investigation 

Contaminant Contaminant 

Type 

Max Contaminant 

Value (mg/kg) 

Residential 

SGV - 

mg/kg 

Source Number of 

exceedances / 

(tests) 

Arsenic Health Related 10 32  CLEA 0 (62) 

Cadmium Health Related 0.3 10 CLEA 0 (62) 

Chromium Health Related 29 3004 CLEA 0 (62) 

Chromium VI Health Related <1.2 3.3 CLEA 0 (62) 

Lead Health Related 110 200 SP1010 0 (62) 

Mercury Health Related 1.1 170 CLEA 0 (62) 

Nickel Health Related 33 130 CLEA 0 (62) 

Selenium Health Related 2.5 350 CLEA 0 (62) 

Boron Phytotoxic 1.3 290 CLEA 0 (62) 

Copper Phytotoxic 37 2400 CLEA 0 (62) 

Zinc Phytotoxic 130 3700 CLEA 0 (62) 

Phenols Health Related <1.0 308 CLEA 0 (62) 

Cyanide Health Related <1.0 33 CLEA 0 (62) 

Soluble Sulphate (2:1) - 110 500 (mg/l) BRE 0 (63) 

Asbestos Screen Health Related Not-detected 
Presence / 

Absence 
HSE 0 (32) 

Reviewing the laboratory data, would therefore confirm that, of the samples tested 

for a general suite, none contained contaminant levels that exceeded their relevant 

inorganic contaminant assessment levels.   

Based upon the nature of soils present including the made ground and the topsoil, 

potential asbestos containing materials were not expected.  The results of analysis, 

Appendix H, confirmed that asbestos was not present.   

The results of total organic carbon (TOC) analysis undertaken within samples ranged 

between 1.0% and 4.6%.  The highest concentrations were associated with made 

ground materials.  A sample of peaty materials collected at 3.0m from BH18 

contained TOC at 5.2%.  

During the site investigations there was no visual or olfactory evidence for 

liquid/mobile hydrocarbon contaminants in any of the site investigation locations.  
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Samples of made ground and topsoil were however selected for speciated TPH and 

speciated PAH’s, Appendix H, with the results summarised in Table 6.  

Table 6: Results of organic analysis on soil samples 

Contaminant Contaminant 

Type 

Max 

Contaminant 

Value (mg/kg) 

Residential 

SGV - 

mg/kg 

Source Number of 

exceedances / 

(tests) 

Naphthalene Health Related 0.69 11.0 CLEA 0 (29) 

Acenaphthylene Health Related <0.05 613 CLEA 0 (29)

Acenaphthene Health Related <0.05 736 CLEA 0 (29)

Fluorene Health Related <0.05 569 CLEA 0 (29)

Phenanthrene Health Related 0.96 288 CLEA 0 (29)

Anthracene Health Related 0.18 7060 CLEA 0 (29)

Fluoranthene Health Related 0.65 581 CLEA 0 (29)

Pyrene Health Related 0.80 1333 CLEA 0 (29)

Benzo(a)Anthracene Health Related 0.38 5.89 CLEA 0 (29)

Chrysene Health Related 0.38 8.97 CLEA 0 (29)

Benzo(b/k)fluoranthene Health Related 0.43 6.89 CLEA 0 (29)

Benzo(a)Pyrene Health Related 0.30 0.943 CLEA 0 (29)

Indeno(123cd)Pyrene Health Related <0.05 4.09 CLEA 0 (29)

Dibenzo(ah)Anthracene Health Related <0.05 0.896 CLEA 0 (29)

Benzo(ghi)Perylene Health Related <0.05 46.6 CLEA 0 (29)

TPH (C8-C10 aliphatic) Health Related <0.001 158 CLEA 0 (29)

TPH (C10-C12 aliphatic) Health Related 1.3 770 CLEA 0 (29)

TPH (C12-C16 aliphatic) Health Related 2 3490 CLEA 0 (29)

TPH (C16-C35 aliphatic) Health Related 150 79500 CLEA 0 (29)

TPH (C8-C10 aromatic) Health Related <0.001 154 CLEA 0 (29)

TPH (C10-C12 aromatic) Health Related <1.0 265 CLEA 0 (29)

TPH (C12-C16 aromatic) Health Related <2 449 CLEA 0 (29)

TPH (C16-C21 aromatic) Health Related <10 634 CLEA 0 (29)

TPH (C21-C35 aromatic) Health Related <10 1180 CLEA 0 (29)

Of the samples selected for speciated TPH and PAH compounds, Appendix H, few 

contained levels of these contaminants that exceeded their individual limits of 

detection.  Even where detected, concentrations of TPH’s within the various carbon 

bandings and the PAH compounds did not exceed their site-specific assessment 

levels, Appendix I.   

Concentrations of pesticides and herbicides were all encountered below their limits 

of detection in the soil samples analysed for these parameters and are not 

considered to be significant.   
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The testing has confirmed that topsoil, made ground and natural soils across the site 

area do not contain contaminant concentrations that exceed site specific and generic 

assessment criteria for residential development sites incorporating private garden 

areas.   

Therefore, given the absence of contaminants of concern in the soil samples, a Level 

2 soils assessment identifying potential risks and possible remedial options to 

address soils contamination is not required.   

However due diligence should be maintained during site development works for any 

unexpected ground conditions or presence of contamination.   

Should any excess soils require to be removed from site (either for disposal or re-

use on another site), suitable testing should be performed in line with current best 

practice and regulations.    

Similarly, in the event that any soils are to be brought onto the site, they will require 

to be tested at source prior to re-use to confirm their suitability.   

9.3 Assessment of Water Analysis 

Water samples were collected from BH1, BH4, BH6, BH11, BH12, BH13, BH16 and 

BH18 as well as from the eastern end of water course/drainage ditch immediately to 

the north of site, Appendix H.   

As previously discussed, shallow water at the site would not be considered a water 

body as defined in the document WAT-PS-10 01, given its perched nature.  In 

addition, an estimate of the hydraulic conductivity of the shallow soils would be of 

the order of 1.0 x 10-6m/s or lower.  This would result in yields of water of less than 

10m3/day.  Therefore, in relation to The Water Environment (Controlled Activities) 

(Scotland) Regulations 2005, the superficial soil would be classified as a non-

aquifer.  Therefore, any perched water beneath the site would not be classed as a 

resource in its own right, but instead would be the potential pathway to any receptor.   

As previously indicated, the nearest surface water feature in the area is the drainage 

ditch located to the north of the Phase 2 area which is a tributary of the Bothlin Burn 

located around 100m to the north-east.  Based upon the local topography any 

contaminated soils or groundwater on the site would essentially be expected to 

impact upon groundwater and surface water bodies to the north and north-east.   
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As part of the assessment the approach outlined by the Scottish Environment 

Protection Agency (SEPA) document “Water Pollution Arising from Land Containing 

Chemical Contaminants” (2001) [64] and SEPA’s document “Assigning Groundwater 

Assessment Criteria for Pollutant Inputs” WAT-PS-10-01, (2014) [65] have been 

reviewed.   

SEPA guidance endorses the practice of utilising generic criteria designed to protect 

surface waters (Environmental Quality Standards - EQS) and drinking water supplies 

(either from UK, EC or WHO agencies) for generic assessment criteria as these will 

also be protective of groundwater and surface waters in the context of contaminated 

land.  The guidance also assesses groundwater as a potential future resource for 

drinking supplies.  In respect of potential risks to surface water bodies therefore EQS 

values are utilised as these are deemed to be protective to the water body and any 

associated ecology.  Where there is the potential for a risk to a groundwater 

resource SEPA resource protection values (RPV’s) are utilised.   

The results of the water analysis for the main inorganic contaminants tested, 

Appendix H, have been summarised in Table 7, where they have been compared as 

an initial screen against resource protection values as identified in SEPA’s 

documents WAT-PS-10-01, (2014) [65] & WAT-SG-53[66] and EQS values.   

Table 7: Summary of geochemical results for water samples 

Contaminant 
Water Analysis 

Boreholes (µg/l) 

Reference Concentration (µg/l) 
Exceedances 

RPV EQS 

Arsenic 
<0.15 – 0.51 

10 50 0 (9) 

Cadmium* 
<0.02 – 0.05 

0.15 0.15 0 (9) 

Chromium 
<0.2 – 2.1 

50 4.7 0 (9)

Lead 
0.2 – 1.7

10 1.2 1 (9) 

Mercury 
<0.05 

1 0.07 0 (9)

Selenium 
<0.6 – 3.8 

10  - 0 (9)

Nickel 
2.3 – 7.6 

20 4 5 (9)

Copper* 
1.0 – 3.4

2000 1 8 (9)

Zinc* 1.2 – 8.3 5000 10.9 0 (9)

* Assessment levels based upon water hardness values. 

The results of analysis would therefore confirm that inorganic contaminant levels in 

the water samples are lower than resource protection values and as such these 

would not have any impact upon any potential aquifer below the site.  Albeit it is 

considered to be unlikely that groundwater at depth beneath the site would ever be 

considered for use as a source of drinking water.   
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Marginally elevated levels of some heavy metals were identified in the water 

samples collected.  Some of these, as identified under the Water Framework 

Directive (WFD) are substances presenting a potentially significant risk to or via the 

aquatic environment.  Copper and zinc are specific contaminants as identified in the 

WFD whilst nickel and lead are priority substances.   

Where exceedances of the foregoing contaminants have been measured, they are in 

most instances only slightly in excess of their respective EQS levels with the 

concentrations expected to dissipate and disperse relatively quickly within the wider 

water environment.  Indeed, these slightly elevated concentrations may be indicative 

of background concentrations within the wider water environment.   

Nickel was therefore present in excess of 4ug/l in five of the nine samples tested with 

the highest concentrations generally associated with samples collected up hydraulic 

gradient.  It is apparent therefore that concentrations are already capable of 

attenuation within the site boundary itself with lower values often present down 

hydraulic gradient.  Likewise, lead was present marginally above its assessment 

criteria in the water sample collected from BH11 on the southern portion Phase 2, 

however, concentrations in boreholes elsewhere within the site were less than the 

1.2ug/l assessment criteria.   

Copper was present in all but one of the samples collected at concentrations in 

excess of the stringent 1ug/l assessment criteria.  Even at the highest concentration, 

within the sample from BH11, a two-fold dilution would reduce concentrations below 

the assessment criteria.  As for lead, it is noted that concentrations of copper in 

water samples from elsewhere within the site are lower than those measured in the 

water sample collected from BH11.   

Notwithstanding this, following development, a greater proportion of the site would 

be covered by hardstanding which would intercept rainwater and divert it into site 

drainage for treatment and attenuation within SUD’s features.  The development of 

the site would therefore serve to improve water quality by reducing and controlling 

infiltration.  Albeit the actual concentrations of inorganic contaminants are not 

significantly elevated.   

The results of more detailed organic analysis undertaken on the water samples 

analysed, Appendix H, are summarised in Table 8.   

The testing confirms the results of analysis on soil samples and observations within 

the trial pits and boreholes that significant organic contamination is not present 

within the site. 
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Concentrations of TPH, PAH and VOC’s were also below the limit of detection in the 

samples analysed.   

The hydrocarbon concentrations in the water samples collected from the site are not 

considered to be significant in terms of risks to the water environment on the site 

and surrounding area.    

Table 8: Summary of organic geochemical results for water samples 
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Polycyclic Aromatic Hydrocarbons (PAHs) (Determinants with thresholds) 

Anthracene <0.01 0.1 EQS 0 (5) - 

Fluoranthene <0.01 0.1 EQS 0 (5) - 

Naphthalene <0.01 2.4 EQS 0 (5) - 

Benzo (a) Pyrene <0.01 0.05 EQS 0 (5) - 

Benzo (b & k) Fluoranthene (sum) <0.01 ∑0.03 EQS 0 (5) - 

Benzo (ghi) Perylene &  

Indeno (123-cd)pyrene (sum) 

<0.01 ∑0.002 EQS 0 (5) - 

Total Petroleum Hydrocarbons (TPH) 

TPH (C8-C10 aliphatic) <10 10 UK-DWS 0 (5) - 

TPH (C10-C12 aliphatic) <1 10 UK-DWS 0 (5) - 

TPH (C12-C16 aliphatic) <10 10 UK-DWS 0 (5) - 

TPH (C16-C21 aliphatic) <10 10 UK-DWS 0 (5) - 

TPH (C21-C35 aliphatic) <10 10 UK-DWS 0 (5) - 

TPH (C8-C10 aromatic) <1 10 UK-DWS 0 (5) - 

TPH (C10-C12 aromatic) <10 10 UK-DWS 0 (5) - 

TPH (C12-C16 aromatic) <10 10 UK-DWS 0 (5) - 

TPH (C16-C21 aromatic) <10 10 UK-DWS 0 (5) -

TPH (C21-C35 aromatic) <10 10 UK-DWS 0 (5) -

EQS – Environment Quality Standards 

UK-DWS Used in absence of EQS standard 
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9.4 Ground Gas Risk Assessment 

Eighteen boreholes were installed across the site area in order to allow the 

monitoring of soil gas levels.  Gas monitoring in these boreholes was generally 

undertaken on six occasions, except where flooding and damage to the installation 

was noted, over a variety of atmospheric pressure and weather conditions. 

The monitoring confirmed the absence of methane however elevated levels of 

carbon dioxide gas, above the CIRIA 5% threshold value were present during the 

initial reading in one of the boreholes (BH5).  A concentration of 6.9% was therefore 

recorded with all other values below 5.0% on subsequent visits.   

The concentrations of ground gas measured in boreholes on the site are provided in 

Appendix J and are summarised in Table 9. 

Table 9: Gas monitoring summary 
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BH01 0.0 0.5 - 2.5 0 (6) 0 - 6 0.0075 (CO2) 

BH02 0.0 0.1 - 4.4 0 (6) 0 - 14 0.0044 (CO2) 

BH03 0.0 0.1 - 1.3 0 (6) 2 - 17 0.0078 (CO2) 

BH04 0.0 0.3 - 3.6 0 (6) 0 - 1 0.0036 (CO2) 

BH05 0.0 1.5 – 6.9 1 (5) 0 - 6 0.0621 (CO2) 

BH06 0.0 0.1 - 1.9 0 (6) 0 - 5 0.0038 (CO2) 

BH07 0.0 0.5 - 3.2 0 (6) 0 - 18 0.0192 (CO2) 

BH08 0.0 0.5 - 2.8 0 (6) 0 - 7 0.0056 (CO2) 

BH09 0.0 0.6 - 2.1 0 (6) 0 - 8 0.0063 (CO2)

BH10 0.0 0.1 - 1.3 0 (6) 0 - 7 0.0013 (CO2)

BH11 0.0 0.5 - 4.8 0 (6) 0 - 19 0.0144 (CO2) 

BH12 0.0 1.7 - 4.4 0 (6) 0 - 28 0.0308 (CO2) 

BH13 0.0 1.8 – 4.8 0 (6) 0 - 2 0.0144 (CO2) 

BH14 0.0 0.1 0 (1) 0 0.0001 (CO2) 

BH15 0.0 0.1 - 0.2 0 (4) 0 0.0002 (CO2)

BH16 0.0 0.6 - 1.4 0 (4) 0 - 5 0.0014 (CO2)

BH17 0.0 0.2 – 2.6 0 (4) 0 - 2 0.0052 (CO2) 

BH18 0.0 0.7 - 2.8 0 (5) 0 - 9 0.0028 (CO2) 
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Hydrogen sulphide and carbon monoxide concentrations were generally recorded as 

0ppm in all boreholes or only slightly above this limit of detection.  Carbon monoxide 

concentrations were however recorded at low concentrations in a number of 

boreholes often where water levels were higher.  The highest readings were 

recorded during the initial monitoring rounds and generally decreased over the 

monitoring period.   

Some monitoring visits were taken during periods of relatively low atmospheric 

pressure which would tend to encourage higher gas readings.  It is therefore 

possible that the gas readings measured are likely to represent maximum 

concentrations and that, during periods of higher atmospheric pressure, generally 

lower concentrations could be anticipated.   

Oxygen concentrations were generally recorded at normal levels in each of the 

boreholes ranging between 18% and 22.1% v/v.  Depleted oxygen concentrations 

were however observed in some locations where elevated carbon dioxide was 

detected.  Oxygen levels in these boreholes occasionally dipped below 15% v/v 

Best practice guidance published by CIRIA (C665, 2007) [68] and the NHBC (2007) 
[69] confirms the importance of flow rates in establishing the potential risk posed by 

soil gases.  Without a positive flow rate, gases would not be expected to enter 

buildings as there would be no driving force to facilitate such migration.  This 

methodology complies with BS8485:2019 [70]. 

The approach adopted is to produce a Gas Screening Value (GSV), by dividing the 

maximum measured gas concentration across the site by 100, then multiplying the 

result by the maximum flow rate measured.  Generally low flow rates were detected 

and, even where no flow was recorded, a minimum value of 0.1l/hr was utilised for 

the purposes of the calculation.  Where slightly higher flow rates were detected it is 

was generally in boreholes with a higher water table with a ‘piston effect’ creating 

positive flows.  This action in a small space is not considered to be representative of 

actual gas pressures within the wider ground, particularly given the relatively low gas 

levels detected, although the highest measured values have been used for the initial 

purposes of the assessment.  The calculated GSV’s are shown in Table 9. 

A review of the GSV’s indicates that the site falls into the CIRIA category 

‘Characteristic Situation 1’, and on the NHBC’s traffic light assessment would be 

classified as green, which are based on a GSV’s of <0.07l/hr for methane and 

<0.78l/hr for carbon dioxide.   



Phases 2 & 3, Gartcosh

Site Investigation Report 

David R Murray & Associates                 July 2020  E11930 

47

It is acknowledged that NHBC’s guidance allows for a vented void although the 

generally very low gas levels and flow rates at this site have generated GSV’s that 

are considerably lower than the NHBC’s traffic light system guidance values.  

Furthermore, all but three of the values are below the CIRIA GSV level of 0.07l/hr.   

However, in line with the CIRIA C665 guidance, where concentrations of carbon 

dioxide exceed 5% and methane exceeds 1% consideration should be given to 

increasing the CIRIA Category classification.  Carbon dioxide concentrations above 

5.0% have therefore been detected in BH5 on one occasion.   

Given that only the first reading identified an elevated carbon dioxide level in BH5 

consideration could be given to extending the monitoring programme to provide 

further readings on which to base the gas risk assessment.   

If these readings all demonstrate the presence of low carbon dioxide levels the 

requirement for CS2 measures can be removed.   

Based upon the information currently available and in the absence of further 

readings, the gas protection measures recommended in the following section should 

be allowed for at the present time for costing purposes.   

9.4.1 Ground Gas Remedial Options 

Gas protection measures in the form of a gas barrier (to meet the minimum 

specification in Table 7 BS8485:2019 with sub floor ventilation (minimum 300mm 

thickness of single size stone or similarly approved venting medium) is 

recommended beneath any new built development located within 30m of BH5 on the 

northern portion of the Phase 2 area.   

Gas barriers would require to be fitted in accordance with the manufacturers 

specification, with all laps and joints sealed and service entry points sealed using 

proprietary systems.  The installation of the gas barriers would require to be 

inspected by the engineer prior to pouring of the concrete slab with photographs 

taken as necessary.   

Based upon the foregoing, and with reference to BS 8485:2019, a gas protection 

solution score of 3.5 and would be necessary.  The gas protection measures 

proposed would be expected to provide this score as follows: 
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 A 300mm thick venting medium of single sized stone has been allowed 

for and is assessed, somewhat conservatively, to achieve a poor 

performance.  SCORE 0.5. 

 Cast in-situ reinforced suspended concrete slab with minimum 

penetrations.  SCORE 1.5. 

 Proprietary gas resistant membrane installed to reasonable levels of 

workmanship in line with good practice under independent inspection.  

SCORE 2.0. 

Total points score is therefore 4.0 against the required 3.5.   

It is therefore considered that the gas protection measures proposed, backed up by 

David R Murray inspection and validation, provides the necessary score in order to 

address the localised gas risks.   

Following satisfactory installation DRM will prepare a verification report for 

submission to North Lanarkshire Council.   

9.5 Water Pipe Assessment 

The UKWIR 2011 publication, ‘Guidance for the selection of water supply pipes to be 

used in Brownfield sites’ is the guidance available for the selection of drinking water 

supply sites.  It is considered that standard plastic pipework would be suitable for 

use in the water supply network where pipes are laid in the natural soils which would 

be the case across the site.  The site investigation has also confirmed the presence 

of low contamination levels within the soils at the site.   

Within part of the site there will be a requirement to raise ground levels and as such 

any new water pipe infrastructure in these areas would be laid in imported materials.  

These will be properly sourced structural materials, as dug quarried stone of 

modified clays, as such standard plastic pipework would be suitable in these areas.   
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10.0 REVISED CONCEPTUAL SITE MODEL 

The intrusive investigation has confirmed that soils on the site are uncontaminated 

with respect to criteria for residential development sites incorporating private garden 

areas and as such remedial measures are not considered to be necessary.  

As is a standard practice, any excavated soils which cannot be re-used within the 

site boundary will require to be removed and best practice should be observed 

during disposal off-site of these materials.  Testing will be required on any imported 

soils that are not as dug quarried stone materials or natural clays.   

On the basis that water pipe infrastructure would be laid within natural soils on this 

greenfield site and the low contaminant concentrations measured, standard plastic 

pipework would be suitable for use within the proposed water pipe infrastructure.   

Contractors and utility personnel working on the site should observe health and 

safety measures normally applied on development sites and should wear suitable 

protective clothing (gloves, boots and overalls etc.).  Construction personnel should 

also observe good standards of personal hygiene and should ensure that dust 

generation during development and earthworks is kept to a minimum.   

The investigation has confirmed that soil gas levels (carbon dioxide) were elevated 

on one occasion above the CIRIA C665 guideline levels in one borehole (BH5) on 

the first occasion that measurements were taken.  All other readings taken 

confirmed carbon dioxide levels lower than 5.0%.  Additional gas readings, if 

undertaken, would provide a larger dataset which may enable the initially elevated 

level to be discounted and hence allow the removal of CS2 gas protection measures 

from the development proposals.   

However, based upon the information currently available, it is recommended that 

gas protection measures applicable to Characteristic Situation 2 (CS2) be installed 

beneath any new built development within 30m of BH5 on the northern portion of the 

Phase 2 area.   

Gas protection measures in the form of a gas barrier (to meet the minimum 

specification in Table 7 BS8485:2019) with sub floor ventilation (minimum 300mm 

thickness of single size stone or similarly approved venting medium) is therefore 

recommended for future new build development within 30m of BH5.   

Gas barriers would require to be fitted in accordance with the manufacturers 

specification, with all laps and joints sealed and service entry points sealed using 

proprietary systems.   
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The installation of the gas barrier would require to be inspected by the engineer prior 

to pouring of the concrete slab with photographs taken as necessary.   

As is good practice monitoring for soil gases should be undertaken in deeper 

excavations prior to entry by any site personnel.  

It will be necessary in due course to prepare a remediation/validation strategy for 

issue to the regulatory authorities.  Following completion of agreed remedial works a 

verification report would require to be prepared.   

The Conceptual Site model has been amended, as shown in Table 10, highlighting 

potential risks associated with the site both pre and post remedial measures.  

Following the remediation, no viable pathway would exist between the identified 

source of contamination and receptors and as such the source-pathway-receptor 

linkages are considered to have been adequately addressed by the remediation 

measures recommended.   

Table 10: Updated Conceptual Site Model 

Identified 

Contaminants 

Pathways Receptor Perceived 

Risk 

Post 

Development 

Risk 

Localised elevated 

carbon dioxide 

levels in one 

borehole.  

(1) Migration into 

buildings and 

excavations leading to 

potential asphyxiation 

risk. 

Future site 

Residents. 

1 (low) 1 (none) 

Contractors 

during 

development 

1 (low) 1 (none) 
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11.0 CONCLUSIONS 

Bellway Homes West intend to develop an area of largely greenfield land located in 

the Mount Ellen area of Gartcosh, North Lanarkshire, for the erection of two storey 

development and associated roads and drainage infrastructure.   

The site comprises two areas of land, Phase 2 and Phase 3, which are located 

immediately to the north of the existing Bellway Homes West development within 

Phase 1.  The eastern Phase 2 area slopes down towards the north with a small 

water course separating it from the golf course to the north.  A lower lying trough of 

ground runs east north-east to west south-west through the central portion of Phase 

3 with land rising up to the north and south from this feature.  A Scottish Gas 

Networks high pressure gas main is located immediately to the south of the Phase 2 

area and traverses the Phase 3 area from east to west.   

More detailed recommendations on foundation design and construction, mineral 

stability issues and environmental risks etc. are provided in the body of the report 

and these conclusions should be read in conjunction with the foregoing sections.  

Given the complex nature of the foundation solutions with regard to earthworks the 

options discussed in Section 8 have been pasted below for ease of reference in this 

instance.   

Based upon review of archive information, the mineral stability of the site is 

considered to be satisfactory.   

Firm to stiff and stiff consistency clays underlie topsoil at shallow depth across the 

majority of the site, however there are localised areas of weaker material present in 

addition to over 2.0m of placed clay fill locally within the eastern portion of the Phase 

2 area.  Weak alluvial materials occasionally containing thin peaty horizons are also 

locally present along the northern edge of the Phase 2 area and within the lower 

lying area that runs through the centre of the Phase 3 area.   

Across much of the site area it is considered that where finished site levels are equal 

to or lower than those currently present it should be possible to support low rise 

development on standard concrete strip footings assuming a minimum allowable 

bearing capacity of 100kN/m2.   

Shallow clays are locally a little weaker and concrete trench fill should be used to 

replace any thin or localised softer/looser patches if these are identified at or within a 

metre of formation level.  Alternatively, lower design bearing pressures could be 

adopted.   
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Depending on the engineering design, the localised use of lean mix trench fill or 

deep underbuild in brick/blockwork may be required where ground levels require to 

be raised above those currently existing.   

Test pitting on a plot by plot basis should be undertaken immediately prior to 

construction and placement of foundations to confirm the nature of strata at 

formation depths within the site boundary.   

Notwithstanding the foregoing, given the sloping and undulating nature of the site it 

is apparent that some areas of extensive filling will be necessary in order to meet the 

proposed design levels.  On this basis the use of concrete trench fill and deep 

underbuilding is unlikely to be economic across a number of areas of the site.   

In particular, ground levels within the lower lying trough area of Phase 3 are 

proposed to be raised by between 2.0m and 3.0m above those currently existing with 

the extent of upfilling reducing towards the north.   

To create a suitable platform for development within the Phase 2 area ground levels 

will also be raised by in excess of 3.0m and in some areas the depth of upfill would 

be 4.0m.  As would be expected the areas of most significant upfill in Phase 2 would 

be within the northern and eastern portion with some limited, generally less than 

2.0m, cut proposed for the southern and south-western portions of this area.   

On the basis of the proposed cut and fill it would appear that there will be a 

requirement to import soils to make up levels given the absence of any significant cut 

proposed.  Following the stripping of topsoil, it is anticipated that an earthworks 

contractor would be retained to platform the site to an agreed level in advance of any 

construction activity.   

Within the lower lying areas of the site suitable formation depths are 2m-3m below 

existing ground levels given the weak nature of the alluvial materials.  Once 

earthworks to anticipated finished ground levels are complete formation depths could 

be of the order of 6.0m below finished ground levels.  Similarly, albeit on a more 

localised basis, clay fill materials are present to depths in excess of 2.0m on parts of 

the sites eastern portion where ground levels also require to be raised.  Formation 

depths in this area could be between 4.0m and 5.0m below proposed finished 

ground levels.   

Specialist foundation solutions are therefore considered to be necessary within the 

areas of the site where the greatest degree of upfilling is proposed.   
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For vibro improvement to be considered imported materials would require to be 

consist of less than 10% fines granular materials which may not be cost effective 

given the volume required.  Furthermore, the alluvial materials at depth on the 

northern portion and the more recently placed clay materials within the southern and 

central portions of Phase 2, would not be suitable for improvement by vibro methods 

due to the potential for long term settlement which would impact upon the integrity 

and stability of the vibro stone columns.   

On this basis, following upfilling to an agreed platform level consideration should be 

given to founding housing units on ground beams supported on piles.  The most 

suitable method of piling would need to be established through discussion with 

specialist contractors however piles driven to set within the underlying stiff glacial 

clays or bedrock are anticipated to be suitable with pile lengths of the order of 10m 

allowed for in the first instance.  The use of ground beams and piling should be 

costed against deep trench fill to determine a suitable cut off above which piling 

becomes more a more economic proposition.   

Any site won or imported upfill materials placed would need to be suitably tracked in 

and rolled to an earthworks specification albeit under the scenario where piling is 

utilised these materials would not be required to perform a structural function for the 

building proposed.  It would be necessary to ensure that the materials are suitably 

placed and compacted to avoid longer term settlement.   

Upfill materials would impose loading on the underlying natural strata which may 

induce settlement within the clay fill materials, where present and, in particular, the 

alluvial soils.  Peat deposits are relatively thin and as such potential settlement may 

not prove to be excessive.  Following any upfilling works, however, a period of levels 

monitoring should be undertaken to assess the scale of any settlement induced with 

plot drainage designed accordingly.   

Based upon the development layout it is apparent that roads and drainage 

infrastructure are not proposed in the area of alluvial deposits on the northern portion 

of the Phase 2 area or only encroach into the very edge of this area.  Within the 

Phase 3 area however roads and drainage would be required to cross the area of 

alluvial deposits.  Although potential settlements induced within these materials are 

likely to be low, consideration should be given to their removal where they underlie 

roads and drainage as is good practice.   

An alternative approach to foundations within areas of upfill would be to import 

structural materials and roll and compact them to an earthworks specification to 

achieve an end product of 95% of the maximum dry density.   
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Imported materials can either be granular or cohesive however where cohesive soils 

(including any generated from within the site itself) are utilised it is likely that a 

degree of modification through the addition of lime would be necessary to reduce the 

moisture content.   

Following successful completion of the stabilisation programme it should be possible 

to support the housing development proposed on doubly reinforced strip footings 

assuming an allowable bearing pressure of 100kN/m2.   

Provided that modified soils also achieve 5% CBR this would remove the 

requirement for capping layers beneath road pavement, although care would need to 

be taken to ensure that soils are correctly recompacted once drains have been 

installed.   

The use of structural fill would however require the initial removal and replacement of 

weak soils (in particular the alluvium) where present to ensure a suitable starter layer 

on which to place structural soils.  Given the sloping nature of the site, care would 

also need to be taken to ensure that an even thickness of structural materials is 

present beneath the entirety of the building footprint.  This would prevent any 

potential for differential settlement beneath the future housing proposed.   

If suitable for improvement, any weak materials removed from the formation could 

also be modified through the addition of lime prior to their use in earthworks.   

In the event that lime modification and placement are selected as the most suitable 

and economic foundation solution for the site, a detailed earthworks specification 

and method statement detailing proposed modification and compaction methods, 

proposed testing regimes and programmes etc would need to be provided by the 

specialist contractor selected to undertake the works in order that this can be agreed 

with the regulatory authorities.   

Liaison will also be required with SGN to agree suitable working practices during 

earthworks and construction in the vicinity of the high-pressure gas main which runs 

along the southern edge of Phase 2 and crosses the Phase 3 area.  Albeit all built 

development is proposed to be constructed to the north of this infrastructure with the 

requirement to form a crossing point in only one location on the south-eastern edge 

of the Phase 2 area.  The part of the Phase 3 area to the south of the gas main 

would be subject to future use an amenity/play area with no built development 

proposed.   
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In terms of general good practice, the formation for any foundations should be 

protected against surface or rainwater by placing a blinding concrete or the 

foundation concrete itself as soon as the formation has been prepared. 

Taking cognisance of all results, it is considered that, overall, sulphate design class 

DS1 and ACEC class AC1 as defined in BRE Special Digest 1:2005 should be 

allowed for the design of buried concrete.  Peaty deposits are locally present at 

depth and where foundation concrete or concrete piles (if utilised) are likely to be in 

physical contact with these soils the ACEC class should be increased to AC-2z.   

A full capping layer will be necessary beneath road pavement in areas where upfill is 

required to meet proposed engineering levels and in areas of existing made ground.  

Laboratory CBR testing confirmed that a full capping layer thickness will also be 

required in areas of cut due to low CBR values.  In-situ CBR testing in association 

with North Lanarkshire Council’s roads inspector following earthworks and once the 

roads are set out, would however be required to confirm the actual capping 

requirements.  If soil modification is selected these materials, if suitably placed, can 

be utilised in lieu of a capping layer beneath the adopted road pavement.   

Based upon the water level monitoring undertaken, there is a potential that water 

would enter foundation and drainage excavations if left open for longer periods in 

some areas.  A standard allowance for water control should be made for all 

excavations with further allowance made for the control of overland flows during 

periods of inclement weather during development and earthworks, particularly given 

the sloping nature of the site.   

Notwithstanding this, given the requirement for upfill in some areas it is likely that 

foundations and drainage excavations would be above the level of any existing 

perched water table across larger areas of the site.  

The intrusive investigation has confirmed that soils on the site are uncontaminated 

with respect to criteria for residential development sites incorporating private garden 

areas and as such remedial measures are not considered to be necessary.  

If, during site development works, excavated soils (both made ground and natural) 

cannot be reused for useful purposes they should be transported from the site to 

landfill, in line with current best practice.  Prior to materials being disposed of off-site 

it is recommended that they be stockpiled with further testing undertaken prior to off-

site disposal.  This would enable classification and accurate disposal costs to be 

established.   
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The investigation has confirmed that soil gas levels (carbon dioxide) were elevated 

on one occasion above the CIRIA C665 guideline levels in one borehole (BH5) on 

the first occasion that measurements were taken.  All other readings taken 

confirmed carbon dioxide levels lower than 5.0%.  Additional gas readings, if 

undertaken, would provide a larger dataset which may enable the initially elevated 

level to be discounted and hence allow the removal of CS2 gas protection measures 

from the development proposals.   

However, based upon the information currently available, it is recommended that 

gas protection measures applicable to Characteristic Situation 2 (CS2) be installed 

beneath any new built development within 30m of BH5 on the northern portion of the 

Phase 2 area.   

Gas protection measures in the form of a gas barrier (to meet the minimum 

specification in Table 7 BS8485:2019) with sub floor ventilation (minimum 300mm 

thickness of single size stone or similarly approved venting medium) is therefore 

recommended for future new build development within 30m of BH5.   

Gas barriers would require to be fitted in accordance with the manufacturers 

specification, with all laps and joints sealed and service entry points sealed using 

proprietary systems.  The installation of the gas barrier would require to be inspected 

by the engineer prior to pouring of the concrete slab with photographs taken as 

necessary.   

As is good practice monitoring for soil gases should be undertaken in deeper 

excavations prior to entry by any site personnel.  

Contractors and utility personnel working on the site should observe health and 

safety measures normally applied on development sites and should wear suitable 

protective clothing (gloves, boots and overalls etc.).  Construction personnel should 

also observe good standards of personal hygiene and should ensure that dust 

generation during development and earthworks is kept to a minimum, this will be 

particularly important on the southern portion of the site where contaminated ash 

materials have been identified.   

Should ground conditions at variance with those identified as a result of review of 

historical archive information and intrusive investigations, be encountered during site 

development works, David R. Murray and Associates should be contacted to visit the 

site in order to assess the significance of such variations.   
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Additional intrusive investigation and sampling may be necessary if variations (such 

as the presence of unusual made ground or potential sources of contamination) are 

considered to be significant.   
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