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REMEDIATION STRATEGY  
FOR LAND AT 

WESTGATE, CLECKHEATON 

1 INTRODUCTION 

1.1 The commission and brief  

1.1.1 Lithos Consulting Limited have been commissioned by Strata Homes Ltd to prepare a 
Remediation Strategy for land off Westgate, Cleckheaton. 

1.1.2 Lithos have already issued the following reports: 

• Preliminary Geoenvironmental Investigation of land at Westgate, Cleckheaton.  Report 
No. 3043/1, dated December 2018 

• Geoenvironmental Appraisal of land at Westgate, Cleckheaton .  Report No. 3043/2b, 
dated November 2020 

• Quantitative Risk Assessment. Report No. 3043/3, dated December 2020 
• Earthworks Specification, Land at Westgate, Cleckheaton. Report No. 3043/7, dated 

November 2021 

1.1.3 The appointed Remediation Contractor will need to familiarise themselves with the above 
Reports, and comply with all relevant recommendations contained therein.  

1.1.4 This remediation strategy is highly dependant on site levels, particularly in Area A & B.  
Recommendations in this report are based on proposed Development Platform levels 
detailed on Queensbury Design Drawing QD1776-70-03, dated 17th November 2021.  If 
development levels change significantly from those detailed on Drawing QD1776-70-03, the 
approach to remediation may also need reassessment. 

1.1.5 This document outlines the remediation objectives necessary to protect environmental 
receptors, and render the site suitable for the proposed development.  A Method Statement 
should be prepared in order to detail how the objectives will be achieved.   

1.1.6 The Method Statement should be accompanied by a Designer's Risk Assessment in 
accordance with the CDM Regulations, 2015.  The Method Statement and Risk Assessment 
should be submitted to, and approved by Strata’s Site Manager.  

1.2 The proposed development 

1.2.1 The proposed residential development comprises a total of 200 ‘traditional’ two/three storey 
domestic dwellings with associated gardens and adoptable roads and sewers, as shown on 
Strata’s Drawing 18-CL2-SEGB-WE-01 Rev P (a copy of which is presented as Drawing 3043/2 
in Appendix A).  

1.2.2 The houses will be founded on shallow strip or deepened trench fill foundations where made 
ground is less than 2.5m thick (c. 40% of the total site area) and where underlying natural 
soils comprise weathered Coal Measures (not Alluvium).  Piled foundations are likely to be 
required for the majority of two and three storey dwellings constructed on site (c. 60%), 
largely due to deep made ground and soft Alluvial deposits.  

1.2.3 Access to the development will be from Westgate in the north. 

1.2.4 It is understood that a planning submission has not yet been made. 
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2 Background 

2.1 Site description  

2.1.1 Site details are summarised below. 

Detail Remarks 

Location 1km west of Cleckheaton town centre 

NGR SE 184 250 

Area 6.5 ha (16 acres)  

Known live services Underground electric, water, BT, sewer and gas. 

2.1.2 The site can be considered as four distinct areas; each area is shown on Drawing 3043/3.  
Areas are based on former land uses which still dominate the current site features.  The areas 
are as follows: 

• Area A (1.1 ha) – former chemical works in the north-west 
• Area B (1.7 ha) – former rolling mill in the south & south-west; reservoir in north-west 
• Area C (2.0 ha) – former Scrap Yard, Malthouse, Brickworks and Quarry in the east 
• Area D (1.6 ha) – industrial area in the centre-north 

2.1.3 A location plan and current salient features are shown on Drawings 3043/1 and 3043/3 in 
Appendix A.  

2.2 Ground investigation  

2.2.1 Fieldwork was supervised by Lithos in two phases; the first (exploratory) phase was 
completed from the 9th to the 15th January 2019; the second (supplementary) phase was 
completed between the 14th and 23rd September 2020 and comprised the exploratory holes 
listed below: 

Technique Exploratory holes Final depth(s) Remarks 

Trial pitting 
(machine 
excavated) 

TPs 401 to 410, 412 to 
427, 429 to 430, 432 
to 449 & 501 to 528. 

0.4m to 5.0m 
(ave. c. 3.0m) Vane tests where possible in cohesive soils. 

Trial trenches 
(machine dug) 

TTs 401, 411, 428 & 
431 2.5m to 5.1m 

Vane tests where possible in cohesive soils. 
Undertaken to identify high walls where possible. 

Cable 
percussion 
boreholes 

BHs 501 to 509. 4.4m to 12.0m 

Boreholes typically advanced to refusal in 
bedrock. 
SPT tests undertaken throughout drilling. 
Monitoring wells installed. 

Rotary cored 
boreholes BHs 501 to 503. 15.4m to 17.2m Rotary coring followed on from CP BHs 501 to 503. 

Rotary open 
probeholes PHs 501 to 520 5.0m to 12.0m Monitoring wells installed. 

Stitch 
probeholes 

‘Groups’ ST501 to 
510 3.5m to 20m Undertaken in ‘groups’ across anticipated line of 

highwalls. 

2.2.2 For ease of reference holes advanced in 2019 have been referenced in a ‘400’ series whilst 
exploratory holes advanced in 2020 have been referenced in a ‘500’ series. 
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Made Ground 

2.2.3 Made Ground has been encountered across the entirety of Area A to depths of between 
1.3m (TP436) and 10.7m (BH501).  The made ground generally comprises granular and 
cohesive made ground, with some burnt shale, brickfill and filter sands.   

2.2.4 Made Ground has been encountered across Area B to between 0.4m (TT428) and greater 
than 3.5m (TP524).  The made ground generally comprises granular and cohesive made 
ground, with some ash & clinker and brickfill.   

2.2.5 Made Ground has been encountered in Area C to between 0.8m (TP404) and 12.0m (BH504) 
and generally comprises granular made ground with ash & clinker. 

2.2.6 Made Ground has been encountered across Area D to between 0.6m (TP517) and 9.0m 
(BH506).  The made ground generally comprises granular and cohesive made ground, with 
some ash & clinker and brickfill. 

2.2.7 Approximate depths of made ground is shown on Drawing 3043/10 in Appendix A. 

Reservoir 

2.2.8 According to historical OS plans, a former reservoir occupied an area of c. 1,000m2, in the 
north-west of Area B.  Anecdotal evidence suggests that the reservoir was associated with 
the chemical works rather than the former mills. 

2.2.9 A total of 7 trial pits and one trial trench were advanced within and adjacent to the 
backfilled reservoir.   

2.2.10 Major inflows of groundwater prevented deep trenching in the reservoir.  Similarly, inflows of 
groundwater prevented the base and all extents of the reservoir being identified.  However, 
3rd party holes by AIG suggest the reservoir extends to depths of up to around 4m in its 
centre. 

Natural ground 

2.2.11 Natural ground was encountered in most exploratory locations across the site and generally 
comprised Cohesive and Granular Residual Soils (weathered bedrock).   

2.2.12 Competent Coal Measures bedrock was recorded below residual soils in all areas 
comprising Sandstone and Mudstone.   

2.2.13 Whilst not mapped, evidence of Alluvium drift deposits was recorded in the south adjacent 
to Blacup Beck.    

Groundwater 

2.2.14 Groundwater was encountered within the majority of exploratory holes excavated across 
Areas D and B as seepages and inflows from around 2.0m; most notably in the south (Area 
B).   

2.2.15 Excavations in Areas A & C generally remained drier, with groundwater ingress comprising 
relatively minor seepages where encountered. 

2.2.16 Based on groundwater monitoring to date, levels fluctuate across the entire site from 
96mAOD to 101mAOD.   

2.2.17 Historic monitoring of installations sealed in the Clifton Rock Sandstone, indicated a 
groundwater level of c. 90mAOD. 

2.2.18 Two discrete water tables are considered likely within the Coal Measures (GW1 & GW2).   



Remediation Strategy 
Westgate, Cleckheaton 
Report No 3043/4B 

 

 

  4 

2.2.19 Whilst the geological map indicates the entire site is directly underlain by the Clifton Rock 
Sandstone, exploratory logs suggest that relatively thin Sandstone bands are separated by 
Mudstone.  The low permeable Mudstone can lead to groundwater from unconnected 
Sandstone bands resting at different levels.  Where deep backfill lies below the top of the 
Coal Measures, following quarrying, groundwater is recorded within the made ground. 

2.2.20 A third possible groundwater table was recorded in BH507, 508 & 509 adjacent to Blacup 
Beck.  In all cases groundwater appears to be flowing to the south with topography. 

Obstructions 

2.2.21 Historical plans and previous reports show that buildings have been present across around 
35% of the site area.  Furthermore, concrete hardstand, which is typically 0.2m thick, covers 
approximately 12,000m2.  

2.2.22 Drawing 3043/4 shows the footprints of the former structures, and areas of hardstand.  

2.2.23 Trial pits were excavated along the lines of former building foundations, beneath former 
concrete slabs and along the line of former tanks. 

2.2.24 Numerous obstructions were encountered from ground level to depths of 2.5m, including 
former walls, former basement floors and former tanks. 

2.2.25 A list of below ground obstructions encountered are provided in the table below. 

Hole Area Depth (m) Obstruction encountered 

TP437 

A 

0.8m - 2.7m Curved brick chamber, likely former UST 

2.4m - 2.5m Former concrete floor slab or basement floor slab 

TP438 1.6m - 4.0m Concrete slab with concrete sides, 2.5m wide with brick lining on its eastern 
side, possible former UST 

TP439 1.4m - 2.3m Curved brick chamber with layer of wood at 1.8m and former pipe work at 
2.3m, likely former UST 

TP442 0.0m - 0.7m Brick wall 0.3m wide 

TP503 1.5m - 2.1m Poorly bonded brick wall on concrete footing orientated east – west in centre 
of trial pit. 

TP504 
1.4m - 1.5m Concrete slab. 

1.5m - 2.3m Poorly bonded brick & mortar wall o.4m wide orientated north-south 
uncovered in side of trial pit. 

TP506 0.5m Solid concrete obstruction; trial pit refused & was moved 2.0m south. 

TP507 
1.0m - 4.0m Concrete slab in base of trial pit 

1.5m - 2.7m Brick & mortar built arched tunnel orientated north to south (possible former 
sewer or drainage flue). 

TP508 1.6m - 2.3m Brick & mortar built arched tunnel orientated north to south (possible former 
sewer or drainage flue). 

TP512 
1.7m - 1.9m Concrete slab. 

1.9m - 2.4m Poorly bonded brick & mortar wall 0.4m wide orientated east to west. 

TP513 
1.3m - 2.3m Brick & mortar built arched tunnel entrance with brick & mortar walls in trial 

pit walls.  Orientated north to south (possible former sewer or drainage flue). 

2.8m Poorly bonded brick & mortar wall. 

TP514 
0.4m - 0.6m Concrete slab. 

2.0m - 2.2m Poorly bonded brick 7 mortar relict floor slab with black bituminous coating. 

TP520 0.25m - 1.8m Poorly bonded brick & mortar wall in eastern wall of trial pit. 

TP418 
B 

0.4m - 2.0m Brick chamber with former drainage pipe 0.2m wide at base 

TP421 0.35m - 1.8m Brick wall in W trial pit face 
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Hole Area Depth (m) Obstruction encountered 

TP422 0.2m - 1.2m Brick chamber along W trial pit face 

TP525 1.0m - 1.8m Brick & concrete structure in southern end of trial pit (likely relict reservoir wall 
or similar). 

TP526 0.3m Concrete slab. 

TP527 0.4m Concrete slab. 

TP402 

C 

0.2m - 0.7m Sandstone and brick wall 0.2m wide 

TP404 0.1m - 0.6m Concrete slab, 0.1m thick with brick wall below 0.3m wide 

TP406 0.2m - 0.9m Brick wall 0.4m wide to 0.7m with 0.2m thick concrete slab below 

TP416 0.2m - 1.2m Brick wall 0.6m wide 

TP426 

D 

1.1m - 1.25m Former concrete floor slab at least 0.15m thick 

TP430 0.3m - 2.0m TP excavated along brick wall 

TP432 0.2m - >2.6m 
Excavated through basement/cellar, brick walls in N and E TP faces, with a 
doorway in N TP face, depth to base no proven due to constant spalling of 
made ground 

TP522 0.2m - 1.0m Poorly bonded brick & mortar wall orientated north to south through centre 
of trial pit. 

TP522 1.8m - 2.5m Poorly bonded bricks and cobbles of sandstone wit mortar in northern wall of 
trial pit (relict footing). 

2.2.26 Given the above, it is apparent that whilst some former buildings have been demolished 
(although several still remain), substantial foundations, bases etc remain below ground.  

2.2.27 In addition, masonry boulders and stone lintels were encountered, most notably within the 
Granular Made Ground (Area B & D) and Brickfill (Areas A & B).  It is estimated that within 
these made ground types, approximately 30% of the material is coarser than a house brick. 

Hazardous gas 

2.2.28 There is deep made ground across much of the site and an area of landfill is located just 
beyond the southern boundary. 

2.2.29 Gas monitoring is ongoing and on completion a hazardous gas risk assessment will be issued.  
At this stage, based on current monitoring data, Amber 1 protection is likely.   

2.2.30 There is also the potential for organic vapours to be present which can influence ground 
gas concentrations and, over time, degrade gas protection membranes.  Concentrations 
of organic vapours have only been identified in Area A. 

2.2.31 Earthworks regrade will provide an opportunity to identify and remediate organic 
contamination that could result in a vapour risk and reduce the degradable fraction of 
made ground during turnover.   This is detailed further in section 6.0 below. 

2.2.32 The potential impact of remediation and the presence of vapours should be included in the 
final gas risk assessment. 
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Contamination 

2.2.33 An assessment of potential contaminants associated with the former uses has been 
undertaken, anticipated potential contaminants, within soil and/or groundwater include: 

• Areas A & B – volatile and semi volatile organics, chlorinated solvents, acids, coal tar 
constituents, cyanide, metals (particularly lead), asbestos and petroleum products 

• Area C – metals, PAH, petroleum products (predominantly lubricating oils), asbestos, 
combustible Ash & Clinker 

• Area D – metals, PAH, petroleum products, asbestos 

2.2.34 Targeted sampling of made ground and groundwater has confirmed the presence of 
metals (predominantly arsenic, lead and zinc), localised areas of petroleum products, 
possible tars and associated indictor compounds, as well as benzene, naphthalene and 
phenol. 

2.2.35 Elevated concentrations of elemental sulphur were recorded in Area A and given the likely 
production of sulphuric acid, higher concentrations are anticipated.  Whilst Sulphur has not 
been considered as a health or controlled waters risk, it will oxidise rapidly to sulphate and 
this can influence concrete mixes.   

2.2.36 Concentrations of volatile and semi-volatile organic compounds were also recorded, 
predominantly in Area A, although in most cases these may be attributed to leaching from 
coal tar.  These included low levels of trimethylbenzene, tert-butylbenzene, 
methylnaphthalene, dibenzofuran & carbazole. 

2.2.37 Extensive ground investigation has been undertaken both to assess the potential for 
contamination and to consider geotechnical constraints.  Whilst areas of gross 
contamination have not been identified and concentrations of contaminants do not 
consistently exceed generic screening values, the ground conditions are highly variable 
and complicated by the degree of historic earthworks.   

2.2.38 The identification of volatile organic compounds in groundwater, particularly in Area A, 
supports the likelihood of the presence of source material that has not yet fully been 
identified. 

2.2.39 It is considered highly likely that these source areas will be encountered during earthworks. 
Therefore, this risk assessment has been developed to manage the identified risks and to be 
pre-emptive of anticipated source material based on previous site activities. 

2.2.40 Furthermore, significant cut and fill is likely to be required to provide a suitable development 
platform.  The depth to contamination will influence the risk to future site residents and 
groundwater / surface water.  This risk assessment considers the effect of depth but also the 
potential need to move material between Areas to achieve sustainable earthworks 
balance. 

2.2.41 Given the volume of made ground, it would not be possible to simply isolate made ground 
below areas of hardstanding.  Therefore, it was recommended in the Geoenvironmental 
Appraisal (Lithos Report 3043/2B) that a 1,000mm soil cover, underlain by a minimum 150mm 
thick “hard dig” layer be placed immediately beneath in all garden and landscaped 
areas.  Alternatively, a high visibility contaminated ground warning / marker barrier, such as 
Lotrak Alarm18, could be placed beneath the soil cover. 

2.2.42 The inclusion of a break layer and clean cover in garden and landscaped areas effectively 
breaks the direct contact pathways (ingestion, dermal contact & inhalation of dust). 

2.2.43 Assessment of the site investigation data enabled formulation of a conceptual model, 
which is presented as Drawing 3043/9 in Appendix A.   
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3 RISK ASSESSMENT & TARGET CONCENTRATIONS 
3.1 A Quantitative Risk Assessment (QRA) has been undertaken to assess the risks posed by 

ground contamination to future site residents and controlled waters. 

3.2 Plausible contaminant linkages include potential risks to: 

• Future on-site residents through volatilisation of vapours in unsaturated soils  
• Migration of shallow groundwater to Blacup Beck 

3.3 Remedial target concentrations for soils have been derived.  These concentrations should 
be used as a “clean-up” criteria during the required remediation works.  

3.4 Site-specific remedial target concentrations for health should be applied to all Areas (A to 
D) but only to the uppermost 2m of material placed below development formation levels. 

3.5 Remedial targets levels for protection of controlled waters only apply to Area A & B (as 
shown on Drawing 3043/3) and only to material placed at or below 97mAOD.  Drawing 
3043/15 included in Appendix A shows the relevant remediation levels in context of the final 
development levels. 

Remedial target concentrations for soils 

Determinand 
Human health soil 

(mg/kg) 
Human health vapour 

(mg/m3) 

Controlled waters soil 
leachate 
(μg/L) 

Naphthalene 5 9 130 

Benzene  4 681 50 

Methylphenol (cresol) 65,800 4,456 100 

Phenol 2,870 30 46 

TPH aliphatic C5-6 420 1,521,105 - 

TPH aliphatic C6-8 420 702,399 - 

TPH aliphatic C8-10 23 9,649 - 

TPH aliphatic C10-12 23 2,024 - 

TPH aromatic C5-7 156 24,804 - 

TPH aromatic C7-8 9 3,581 - 

TPH aromatic C8-10 5 239 - 

TPH aromatic C10-12 243 2,306 - 

PAH (with BaP as indictor) - - 0.27 

Lead - - 14 

Arsenic - - 50 

3.6 During remediation works and validation sampling, careful consideration should be given 
to the source of any exceedances and whether determinants are likely to be in a form that 
is volatile, or locked within a matrix, such as coal fragments.  Where concentrations exceed 
screening values, consideration should also be given to vapour monitoring.   
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3.7 It is envisaged that vapour monitoring would typically follow a three-step approach: 

1. On site head space test in excavations and treated stockpiles using a PID.  
2. Laboratory analysis of VOCs using a head space extraction of representative samples. 
3. Where Steps 1 & 2 above indicate some contamination remains insitu, post earthworks, 

that could present a vapour risk, in-situ vapour monitoring should be undertaken in the 
upper 1m of re-engineered soils using targeted tenax absorbent tubes. 

3.8 The need for insitu vapour monitoring may also be identified where it is impractical to 
excavate and treat impacted soils, i.e. due to high groundwater or instability. 

3.9 The total allowable soil concentration in the remedial targets table above may result in a 
much lower screening value than would actually present a vapour risk and this is why the 
option of vapour monitoring is important in the remediation design, rather than 
conservatively just adopting soil target concentrations.   

3.10 Further detail on the timings and application of vapour monitoring is included in Section 7.23 
below.  

3.11 It is understood that Blacup Beck will be diverted as part of the development.  However, the 
travel distance from Areas A & B to the Beck is minimal and would not reasonably result in 
any significant dilution or attenuation of contaminants.  

3.12 Details of the diversion are not known, but it has been assumed that this would not result in 
large sections of the Beck being placed in culvert as this is usually discouraged to increase 
the habitat potential of the watercourse.  If it transpires that the Beck is being placed in 
closed culvert, the potential risk from, and interaction with, groundwater should be revisited.  

3.13 In terms of the proposed redevelopment, a summary of plausible contaminant linkages are 
summarised below, along with feasible mitigation measures.   

Receptors Pathways Contaminant source Remediation options 

Human 
health 
(Future 
residents) ◊ 

Consumption of 
contaminated vegetables 

Inorganic & organic 
contamination in the 
made ground 

Placement of a minimum 1,000mm 
clean soil cover in garden and 
landscaped areas. 
Treatment or removal of 
hydrocarbon and any identified 
free product.   

Ingestion 

Inhalation (dust and/or 
vapours) 

Dermal contact 

Migration & accumulation 
of explosive gas 

Methane, Hydrocarbons 
in the made ground Gas monitoring ongoing. 

Inhalation of vapours 
Inorganic & organic 
contamination in the 
made ground 

Adopt site specific screening 
values for material in the upper 2m 
below FFLs (see section 7.23 for 
treatment options) 

Infiltration of water supply 
pipes 

BTEX, Halogenated 
aliphatics & aromatics, 
Phenol, CN, Sulphate, 
Sulphide & Chloride in the 
made ground 

Treatment or removal of 
hydrocarbons.  Water Company 
likely to insist on “Protectaline” 
pipework across entire site. 

Buildings Migration & accumulation 
of explosive gas 

Methane, Hydrocarbons 
in the made ground Gas monitoring ongoing. 
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Receptors Pathways Contaminant source Remediation options 

Contact with “aggressive” 
soil and/or groundwater 

Sulphate in the made 
ground 

Sub-surface concrete in contact 
with made ground soils (Areas B, C 
& D) Design Sulphate Class DS-3 
and ACEC Classification of AC-5. 
Sub-surface concrete in contact 
with natural ground soils in all areas 
Design Sulphate Class DS-2 and 
ACEC Classification of AC-5z. 
Further sampling and assessment 
required in Area A during site 
preparatory works, or sub-surface 
concrete in contact with made 
ground in Area A Design Sulphate 
Class DS-5, and ACEC Classification 
of AC-5. 

Plants Uptake of phytotoxic 
elements  

Cu, Ni, Zn & B in the made 
ground 

Placement of clean soil cover in 
garden and landscaped areas. 

Groundwater 
 

Migration of leachable 
components 

Inorganic & organic 
contamination in the 
made ground 

Deep groundwater not considered 
a viable receptor.  Shallow 
groundwater a likely pathway to 
the surface water.  Remediation 
focused on limiting / reducing 
loading through remediation of 
made ground. 

Blacup Beck Surface water run-off and 
groundwater migration  

Inorganic & organic 
contamination in the 
made ground 

Adopt site specific screening 
values below 97mAOD (see section 
7.23 for treatment options) 

Metals, Hydrocarbons in 
contaminant-rich silts 
within redundant drains 

Removal, sealing-off or diversion of 
all former (redundant) site 
drainage prior to site clearance 
and earthworks. 

Silt from construction 
activities  

Silt Management Plan, inclusive of 
surface water grips etc to include 
regular site lead visual inspections 
and sampling. 

◊ Transient risks to construction workers will be addressed by the adoption of appropriate health and safety 
measures in accordance with the Health and Safety at Work Act 1974, and regulations made under the Act 
including for example the COSHH Regulations. 
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4 REMEDIATION PREPARATION  

4.1 Remediation Options Appraisal  

4.1.1 There is still some uncertainty regarding the extent of contamination that could be 
encountered.  This uncertainty cannot be removed by further ground investigation given 
the current access limitations, undulating ground levels, highly heterogenous made ground 
and range of former site activities. 

4.1.2 However, the type of contamination likely to be encountered can be reasonably predicted 
based on the site’s history and contamination identified to date in soils and groundwater. 

4.1.3 The final remediation solution is likely to involve a range of techniques.  Remediation options 
worthy of further consideration based on current site data are summarised below:   

Remediation techniques (organic contamination in soil) 
Technique Remarks Feasibility 

Excavation & 
disposal 

Not in line with current Government 
philosophy regarding sustainable 
development. 
Majority of soil that cannot be reused may 
be classed as hazardous waste, therefore 
costs likely to be prohibitive. 

Some offsite disposal may be prudent, 
particularly in respect to the Reservoir silts and 
any localised areas of free product. 
Off-site disposal may also be considered to 
avoid stockpiling of highly odour material.  

Isolation 
beneath 
cover 

Organic contaminants in some areas likely 
to include a significant proportion of 
volatiles, therefore remediation of this 
fraction would be required prior to 
placement below any cover.  
Testing of groundwater and leachability of 
inorganics in soils / made ground suggest 
these do not present a risk to shallow 
groundwater or the beck, however 
organic contamination is more mobile and 
remediation to controlled waters targets 
would be required, irrespective of volatility. 

A cover system would be suitable for managing 
exposure to inorganic and non-volatile organic 
determinants, however given the 
concentrations recorded cover should be a 
minimum 1,000mm. 
Cover should complement other remediation 
treatment activity but is not a suitable solution 
on its own 

Recovery of 
coarse 
fraction 

The matrix is contaminated, but contains a 
significant proportion of oversize (brick, 
concrete, sandstone etc), which is “clean” 
(i.e. not heavily stained or impregnated). 

This is likely to be the case in Area B, C & D.  
Recovery of course fractions likely to result in 
suitable material to process for engineered fill. 
Coarse fractions in Area A may be impregnated 
with contamination. 

Use of cut-off 
wall or 
reactive 
barrier 

The site is located adjacent to a 
watercourse, therefore use of a 
permeable, reactive barrier might be 
appropriate. 

There is no intention to treat groundwater, 
instead this Remediation Strategy considers 
managing and reducing the source.   
This is considered more viable given the 
extensive amount of earthworks that is required. 

Ex-situ 
bioremediati
on 

Field or laboratory trials would be needed 
to confirm: that contaminants are 
degradable; anticipated treatment 
duration; which nutrients and fungal 
enzymes are best suited 

Some organic contaminants, particularly in Area 
C include a significant proportion of “heavy” 
TPH/PAH, therefore treatment could be difficult 
& lengthy. 
There is an indication that chlorinated solvents 
may be present in Area A or the reservoir in 
Area B.  Bioremediation of these to carbon 
dioxide and water requires both anaerobic and 
aerobic conditions; careful consideration is 
needed to ensure complete degradation and 
not simply an increase in vinyl chloride or other 
daughter by products. 
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Technique Remarks Feasibility 

Soil washing Majority of contamination likely to be 
present in the granular matrix. 

Testing indicates that the inorganic 
determinants are not particularly soluble, with 
limited impact on the groundwater.   
Soil washing might be useful for organic 
determinants, but some addition of surfactants 
may be required, and this would need further 
detailed discussion with the EA regard.   
Other techniques may be as or more effective 
and more straightforward to achieve. 

Solidification 
or 
stabilisation 

Laboratory trials would be needed to 
confirm the ability of E-Clays or cement-
based products to immobilise the 
contaminants. 
Ex-situ treatment more likely to eb viable 
given the need for excavation of made 
ground across the entire site to a minimum 
3m. 

Solidification / stabilisation does not reduce the 
volatile fraction and as such would not be an 
appropriate independent remediation 
technique for human health risks.   
However, the technique could be applied, 
pending successful field trials, to material being 
placed at or below 97mAOD to prevent 
contamination of the Beck via leaching and 
groundwater migration.  

Soil Vapour 
Extraction 
(SVE) 

Majority of soil is granular therefore SVE 
could be appropriate for removal of 
VOCs. 

SVE would only address the highly volatile 
determinants.  It would not provide a 
remediation solution for weathered diesel, 
hydraulic oils or coal tar.  SVE would also not 
address the inorganic determinants. 
Furthermore, shallow and fluctuating 
groundwater, particularly in the south, is likely to 
limit the effectiveness. 

Thermal 
treatment 

Steam injection could be appropriate for 
removal of VOCs and NAPL fluids. 
Ex-situ thermal desorption could be 
appropriate for removal most organics 
and inorganics. 

Small scale units are available and could be 
used on site; however, because of the high 
energy requirement this technique is usually 
prohibitively expensive. 

4.2 Mobile Plant Permit  

4.2.1 Grossly contaminated soil/fill predominantly from Areas A, B & C is considered suitable for 
treatment on site using one or more of the techniques discussed in the remedial options 
appraisal in Section 4.1 above.  It is anticipated that the volume of soil/fill requiring treatment 
will exceed 1,000m3.  Therefore, if on-site treatment is proposed, a Mobile Plant Permit (also 
referred to as a mobile treatment licence) will be required and a Deployment Form must be 
completed and submitted to the Environment Agency. 

4.2.2 However, it cannot be assumed that all remediation treatment activities will be acceptable 
to the Environment Agency, even where these are shown to successfully address the 
contamination present on site. 

4.2.3 The EA will consider the impacts of nuisance on adjacent residents when reviewing a 
submitted Deployment Form.  Whilst Best Practicable Means must be employed at all times 
during on-site treatment, to minimise dust, odour and VOC generation, this is not always 
sufficient to prevent nuisance.  Treatment activities that are likely to generator odours for 
example, are unlikely to be approved adjacent to a densely populated residential area. 

4.3 Management of unknowns 

4.3.1 Whilst extensive ground investigation has been undertaken across the site some 
uncertainties remain.  It is highly unlikely that even with further intensive phases of ground 
investigation, these uncertainties would be addressed. 

4.3.2 The remediation tasks detailed in Section 7 should provide a framework for addressing 
uncertainties as these arise. 
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4.3.3 Uncertainties include: 

• The nature and location of source material – whilst some contamination has been 
identified, groundwater monitoring indicates this is likely to be more extensive.  Source 
areas should be anticipated during excavation of made ground across all areas, but 
most specifically in Area A, the reservoir in Area B and former scrap yard in Area C. 

• Heterogeneity of made ground and suitability for use as engineered fill – it has been 
assumed that the bulk of made ground in the backfilled quarries in the south of Area C 
and east of Area B can be processed and reused as engineered fill.  This is supported 
by shallow trial pits, but detailed material description in boreholes is not possible and as 
such a provision for offsite disposal of some made ground should be included.  

• Surrender of the environmental permit for the former scrap yard – the remediation 
proposals are designed to leave the site suitable for the intended development.  
However, this is not necessarily sufficient to secure surrender of an environmental permit 
which predominantly focuses on returning the land to its original, pre permit, condition.  
Dialogue with the EA should be initiated as soon as possible to ensure remediation is 
suitable and sufficient. 

• Piles must be socketed into rock and not allowed to deflect off the high wall.  Extensive 
work has been undertaken to confirm the location and gradient of the quarry highwall. 
However, changes and increased exposures of highwalls must be recorded during mass 
excavation of made ground.   
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5 EARTHWORKS LEVELS, REGRADE & ANTICIPATED FOUNDATIONS  
5.1 The Geoenvironmental Appraisal Report (Ref. 3043/2b, dated November 2020) indicates 

the following foundation solutions are likely to be most appropriate (subject to the Strata’s 
preferences regarding site preparatory works, final levels & costs associated with each 
foundation option). 

% of site Foundation solution(s) Remarks (influencing factors) 

40% Deep strips/trench fill at 
0.9m to 2.5m 

Natural soils at minimum founding depth and made ground <2.5m 
thick (following preparatory earthworks 

60% Piles to between 4m 
and up to 17m Deep made ground and shallow Alluvial soil 

5.2 The foundation options summarised above assume that ground levels will not change 
significantly from those existing at the time of the ground investigation.   

5.3 Final site levels will be determined by Strata, in conjunction with their Earthworks Contractor 
and Engineering Designer.  However, Queensbury Design Post Remediation Development 
Platform Model Drawing (QD1776-70-04, dated 9.11.2021) indicates the development will 
be plateaued from existing ground levels in the north (approx. 105mAOD), to tie into the 
level of Blacup Beck in the south (approx. 95mAOD).  The feasibility Cut and Fill Drawing 
indicates that: 

• Area A has between 1m of cut and 1m of fill 
• Area B has between 0.5m of cut and 3.0m of fill 
• Area C has between 3.0m of cut and 3.5m of fill 
• Area D has between 1.5m of cut and 2.0m of fill 

5.4 Furthermore, extensive excavation to remove obstructions and treat contamination are 
anticipated in all Areas.  Given the extensive earthworks there may be opportunities to 
replace remediated made ground in engineered layers. 

5.5 The final plot specific foundation solution is likely to be concluded on completion of the site 
preparatory and remediation earthworks.  However, it is anticipated that this would still 
involve a combination of shallow and piled foundations. 

5.6 Any digital terrain modelling undertaken by the Earthworks Contractor should be designed 
with a view to enabling a “materials balance” (i.e. volume of cut to broadly equals the 
volume of fill), and be made available to Strata’s Engineering Designer.   The digital terrain 
modeller should consider: 

• Volume reduction caused by turnover (compaction of loose made ground; removal of 
obstructions/tanks etc) 

• Whether or not processed arisings/treated soils are retained on site 
• The thickness of the soil cover required in garden areas (1,000mm) 
• Consideration of the location of known quarry highwalls 

5.7 Final site levels should then be issued by the Engineering Designer, via an External Works 
Drawing, which should show: 

• Proposed finished floor levels  
• Proposed finished road levels 
• Garden & driveway levels and gradients 
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6 REMEDIATION STRATEGY (General)  

6.1 Aims  

6.1.1 Remediation aims are to: 

• Resolve contamination issues in order to protect environmental receptors, and render 
the site suitable for the proposed development 

• Provide a stable development platform (to agreed levels and gradients) for subsequent 
construction of the proposed development and associated infrastructure 

• Satisfy requirements of the Local Planning Authority and the National House Building 
Council (NHBC) 

6.2 Overview 

6.2.1 The following remediation works are required: 

• Treatment of Japanese Knotweed 
• General site clearance of surface materials and vegetation 
• Demolition of buildings 
• Break-up of slabs and hardstand 
• Crushing of all suitable artificial hard material (i.e. concrete/brick etc) 
• Turnover (excavation, screening/sorting, treatment to meet screening values and 

replacement in engineered layers, with compaction) of the full thickness of made 
ground or 3m whichever is the lesser, including: 
o Removal of anticipated tanks from Area A 
o Excavation and treatment of the full depth of the reservoir in Area B 
o Removal of localised fuel/oil contamination; with subsequent treatment and/or off-

site disposal, particularly in Areas A, B & C 
o Removal of below ground obstructions  
o Preparation of the ground for highway construction 
o Excavation and removal of localised contamination as identified (all Areas) 

• Backfill of all resultant excavations, with appropriate compaction 
• Creation of “clean corridors” for subsequent placement of sewers (and an attenuation 

tank in Area B)  
• Treatment of hydrocarbon impacted soil, for subsequent re-use on site 
• Regrade of site to levels specified in Queensbury Design Post Remediation 

Development Platform Model Drawing (QD1776-70-04, dated 9.11.2021), (leaving levels 
approximately 1,000mm below final “soft” end use areas to accommodate clean 
cover) 

• Spreading and compaction of 6F2 graded artificial hard material to provide a “running 
surface” over areas where piled plots are anticipated. 

• Provision of a minimum 1,000mm thick cover layer of ‘clean’ soils in all garden and 
landscaped areas. 
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6.3 Site set-up, organisation and safety 

6.3.1 Site cabins and welfare facilities are to be established at a location to be agreed with the 
Engineer and Strata’s Site Manager.  All welfare facilities must be established in accordance 
with the relevant health & safety statutory requirements. Provision should be provided on 
site for car parking for all site employees. 

6.3.2 All site personnel should undergo a site-specific health and safety induction prior to 
commencement of work on site. 

6.3.3 Strata’s Site Manager should be informed prior to any proposed entry of a confined space 
or deep excavation.  Entry must be restricted to suitably qualified and equipped personnel.  

6.3.4 Access into excavations etc. must be controlled and undertaken in accordance with the 
CDM Regulations 2015, most notably Regulation 22, to mitigate risk of collapse or 
asphyxiation. 

6.3.5 During the remediation works, all personnel on site will comply with guidance provided in 
the Health and Safety Executive (HSE) document “Protection of Workers and the General 
Public during the Redevelopment of Contaminated Land”.  In summary, the following should 
be provided: 

• A designated “clean” area should be fenced off and suitable warning signs posted.  
The only access to or from the “dirty” area should be via a hygiene facility (personnel) 
or wheel wash (vehicles) 

• Protective clothing, footwear and gloves.  (Personnel should be instructed in why and 
how they are to be used) 

• Hand-washing and boot-washing facilities 
• Designated smoking areas 

6.3.6 If at any time during the works personnel begin to feel unwell, they are to inform the Engineer 
or Strata’s Site Manager, who will determine appropriate action. 

6.3.7 All visitors to site must enter and register at the main Site Office. 
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6.4 Contractor’s responsibilities 

6.4.1 Prior to the commencement of any works the Contractor, in agreement with Strata’s Site 
Manager and, where appropriate, Geoenvironmental Engineer, should: 

• Comply with any requirements of Strata’s contract documentation 
• Establish the boundaries of the site and the working areas 
• Undertake a dilapidation survey of site boundaries, adjacent properties and highways, 

via dated photographs or video footage 
• Liaise with the Local Authority regarding working hours, noise/dust/odour control, and 

protected trees 
• Liaise with the Local Water Company and secure discharge consents to cover 

proposed discharge to sewer 
• Liaise with the Environment Agency regarding any work in close proximity to Blacup 

Beck, including timetable for diversion works. 
• Complete a full services search and liaise with all relevant utility companies regarding 

work in close proximity to their apparatus 
• Undertake a CCTV survey to record the condition of the current Blacup Beck culvert  
• Obtain a pre-demolition (formerly Type 3) asbestos survey report for all buildings to be 

demolished 
• Prepare a detailed Method Statement outlining how the objectives of this Remediation 

Strategy will be achieved (and obtain approvals) 
• Inform the Engineer/ Strata’s Site Manager of any risk, identified and assessed, which 

could impact upon the Engineer’s activities  
• Prepare the necessary COSHH statements and Health & Safety Plan in accordance with 

CDM regulations 
• Provide and erect secure herras-type fence to protect monitoring wells until these are 

suitably decommissioned (see section 7.7) 

6.4.2 The Contractor should satisfy the Health & Safety Executive with regard to all matters 
concerning the health, safety and welfare of persons on the site.   

6.4.3 The Contractor should ensure that: 

• Personnel, plant, materials and other equipment related to the contract are confined 
within the boundaries of the site. 

• Any live services lying within the site boundary are marked and protected, or 
appropriate arrangements made to truncate them.  

• Good practices relating to personal hygiene are adopted. 
• Suitable precautions are implemented at all times to prevent off-site migration of 

contaminants via airborne dust and vapours.  
• Suitable precautions are taken to prevent the spread of mud and debris on public 

highways.  
• Refuelling of mobile plant is undertaken in a designated area. Above ground oil storage 

tanks should comply with the requirements of Pollution Prevention Guideline PPG2. A 
spill kit should be kept on site, adjacent to the designated refuelling area.  (Lithos are 
aware that some of the EA PPG documents have been withdrawn from the gov.uk 
website.  However, PPGs provided a summary of current UK guidance; the principles 
are still relevant and provide a useful, concise overview). 
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6.5 Materials Management Plan 

6.5.1 This project will involve the re-use of both natural and made ground soils on site and the 
import of natural soils from another development site(s).  Therefore, the Contractor will need 
to prepare a Materials Management Plan (MMP) in accordance with the CL:AIRE Code of 
Practice (v2, March 2011). 

6.5.2 The MMP will document how all of the materials to be excavated during the proposed site 
preparatory and remediation earthworks are to be dealt with.  In summary the MMP should 
provide:  

• Details of the parties that will be involved with the implementation of the MMP  
• A description of the materials in terms of potential use and relative quantities of each 

category 
• The specification for use of materials against which proposed materials will be assessed, 

underpinned by an appropriate risk assessment related to the place where they are to 
be used  

• Details of where and, if appropriate, how these materials will be stored  
• Details of the intended final destination and use of these materials  
• Details of how these materials are to be tracked 
• Contingency arrangements that must be put in place prior to movement of these 

materials 
• Verification Plan 

6.5.3 The MMP should include consideration of the following factors: 

• Any risks posed by the excavated materials to both human health and the environment 
• Suitability for use 
• Certainty of use 
• Anticipated quantities of materials 

6.5.4 The MMP should also detail how materials will be tracked throughout the earthworks in order 
that the subsequent Verification Report can provide an auditable trail.  The tracking system 
must include: 

• Annotated plans of the site(s) identifying different excavation areas, stockpile locations, 
treatment areas (if applicable) and placement locations 

• Inspection procedures 
• Registered waste carrier and non-waste haulier  
• Tracking form / control sheets 
• Treatment results (if applicable) 
• Delivery tickets for non-waste materials (if moving from one site to another) 
• Acceptance procedures for non-waste materials 

6.5.5 Finally, the MMP will have to set out a Verification Plan that identifies how the placement of 
materials is to be recorded and the quantities of material to be used.  It will contain a 
statement on how the use of the materials relate to the remediation or design objectives. 

6.5.6 Once completed, the MMP will need to be reviewed by a Qualified Person (QP), who will 
submit an online Declaration to CL:AIRE and send a copy to Strata.  It should be noted that 
in accordance with the Code of Practice, Lithos cannot act as the Qualified Person 
because we have undertaken the site investigation and prepared this Remediation 
Strategy.  Lithos can however prepare the MMP. 
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6.6 Engineering supervision and verification 

6.6.1 Site works should be supervised throughout by a suitably qualified Geoenvironmental 
Engineer, who will report to a Project Manager.  Supervision may be part-time for certain 
activities, but must be full-time during the removal of any grossly contaminated soil/fill and 
any placement of fill to an engineering specification.  It is anticipated, based on site 
conditions, that full time supervision would be required for: 

• all excavations in Area A,  
• excavation of the reservoir in Area B, and  
• excavation of the northern section of Area C, formerly occupied by the scrap yard.   

6.6.2 Supervision for all engineered backfill would also be prudent.  

6.6.3 The Engineer will ensure that the requirements of this Remediation Strategy are complied 
with in a safe and orderly manner.   

6.6.4 The responsibilities of the Engineer should include, but not be limited to, the following: 

• Ensuring that all site personnel are suitably qualified and given an appropriate induction 
at the beginning of their first day 

• Supervision of the remediation and ground preparatory works 
• Provision of advice on the correct handling of materials and conditions encountered 
• Provision of guidance on the appropriate protective clothing and safety equipment 

that is to be made available and used 
• Ensuring that personal hygiene arrangements are adequate 
• Retrieval of soil and water samples and the subsequent scheduling of appropriate 

laboratory analysis to enable verification of various aspects of the works, and to advise 
the Project Manager of progress 

• Liaison with statutory authorities as required 

6.6.5 The Engineer, or Strata Site Manager in the absence of the Engineer, will maintain records 
of the works to include the following: 

• Daily record sheets to include a summary of the day's activities 
• Date and weather conditions 
• Plant, personnel and visitors present 
• Aspects relating to Health and Safety, Environmental Control, or non-compliance with 

either this Remediation Strategy or the Contractor's Method Statement 
• Site surveys as necessary to record the locations of demolition, excavation and filling 

activity 
• Test results 

6.6.6 On satisfactory completion of all the works the Engineer will prepare a Verification Report, 
in accordance with the Environment Agency’s online guidance “Land Contamination Risk 
Management” which replaced CLR11 in October 2020.  Copies of the Verification Report 
will be issued to the Strata, the Local Authority and NHBC.   

6.6.7 The Verification Report will stand as certification that the remediation and ground 
preparatory works have been carried out in accordance with this Remediation Strategy. 
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6.6.8 The Verification Report will include:  

• A summary of the preparatory & remediation works undertaken, including any works 
associated with unforeseen ground conditions 

• Verification test results associated with “hot-spot” treatment, including plans showing 
sample locations & levels, and the extent of any “hot-spot” excavations 

• Details of the fate of any arisings excavated from “hot-spot” 
• Verification test results associated with proposed source materials for clean cover 
• Moisture content and plate bearing test results associated with ground improvement 

beneath proposed highways and dwellings 
• Copies of any correspondence with Regulators relating to specific aspects of the 

remediation works 
• Reference to the MMP and associated tracking system, including alterations made and 

why. 
• Treatment records 
• Reference to waste transfer documentation, including return loads (if applicable) 
• Signed delivery tickets (if applicable) 
• Record of quantity of materials used 
• A receipted copy of the Qualified Person’s Declaration 

6.6.9 The Verification Report will also provide recommendations with respect to: 

• Foundation Solution(s) 
• Gas Measures 
• Placement of Soil Cover 
• Handling of Contaminated Soils 

6.6.10 The above recommendations will take account of the actual remediation works 
undertaken, and may differ significantly from recommendations originally presented in the 
site investigation report. 
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7 REMEDIATION STRATEGY (specific objectives)  

7.1 Managing unexpected contamination  

7.1.1 Even after an appropriate preliminary investigation and ground investigation, with 
exploratory holes on a closely spaced grid (say trial pits at 30m centres), a 
geoenvironmental appraisal is typically based on inspection of the ground underlying less 
than 0.5% of the total site area (and much less at depths in excess of about 3.5m).  
Consequently, there is always a possibility that unanticipated ground conditions will be 
encountered during the remediation works.   

7.1.2 Groundwater monitoring at Westgate indicates the presence of contamination, particularly 
in Area A & C, which was not reflected by soil sample data and further unidentified 
contamination is likely. 

7.1.3 Where unanticipated ground contamination is encountered during the remediation works, 
the Contractor should immediately seek further advice from the Engineer.   

7.1.4 In order to assess the nature of any unanticipated grossly contaminated soil/fill, and (if 
necessary) allow revision of this Strategy document, it should be placed in temporary 
stockpiles on hardstand or Visqueen, suitably covered and bunded. 

7.1.5 Analysis of at least 6 samples, for an appropriate range of determinands should be 
undertaken.  On receipt of the results, the Engineer will liaise with the Contractor regarding 
the most appropriate remediation option. 

7.2 Japanese Knotweed 

7.2.1 An invasive weeds survey has not been undertaken; however, it is likely that knotweed could 
be present on site.  A formal survey should be undertaken prior to site clearance.  

7.2.2 Knotweed treatment/removal will be required prior to redevelopment, and should be 
undertaken in accordance with Environment Agency guidance, most notably ‘Managing 
Japanese knotweed on development sites – the knotweed code of practice’ (Environment 
Agency). 

7.2.3 Treatment/removal should be undertaken by a suitably qualified sub-contractor, and 
options include: 

• Herbicide treatment 
• Excavation & off-site disposal 
• Excavation & on-site burial 
• Burning (only in combination with one of the above) 

7.2.4 If treatment is required, consideration should be given to programme and seasonal 
implications.  
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7.3 Site clearance 

7.3.1 Any trees currently under a preservation order should be identified and agreed with relevant 
authorities prior to the commencement of the works.  All trees subject to a TPO should be 
clearly identified and protected by fencing in accordance with BS5837: 2012. 

7.3.2 The site should then be cleared of all residual debris, any vegetation, shrubs, bushes and 
unprotected trees as instructed by Strata. 

7.3.3 Localised Topsoil was identified however this was found to be impacted by inorganic 
determinants and was noted to have a sulphurous odour.  Topsoil on site is not suitable for 
use in garden areas, but might be suitable for use in landscaped areas where turf is to be 
established. 

7.3.4 Topsoil should be stripped and stockpiled separately from made ground arisings.  It is likely 
that further testing would be advocated by the Engineer to determine the extent and 
location of reuse, or indeed confirm the need for of site disposal.   

7.3.5 Topsoil would not be suitable for direct transfer to another development site.  

7.4 Asbestos  

7.4.1 Current legislation (as outlined in HSG 264) requires a pre-demolition (formerly Type 3) 
asbestos survey to be undertaken, immediately prior to demolition of any building.  The 
Contractor should request a copy of the survey report from Strata.  If no survey report is 
available, the Contractor will instruct an asbestos survey. 

7.4.2 Localised fragments of asbestos cement sheeting were recorded in the ground 
investigation, predominantly at surface, and should be anticipated during the site 
remediation and preparatory works.  All suspected asbestos-containing material should be 
recovered by hand and placed in double sealed bags, within a sealed skip for off-site 
disposal at a suitably licensed landfill site.  Personnel involved in this activity should be 
equipped with appropriate personal protective equipment, including dust masks (minimum 
FFP3). 

7.4.3 An asbestos ID (screen) was scheduled on 77 samples of made ground, with asbestos 
identified in 4 samples.  Only one of these samples yielded amounts of asbestos above the 
limit of measurement (<0.001%).  Given the heterogeneity of made ground, it should be 
assumed further discrete areas of asbestos fibres within made ground could be 
encountered and a precautionary approach should be taken.  

7.4.4 However, provided soils are kept damp the risk of airborne fibre release, even during 
disturbance associated with excavation, should be negligible, and certainly below the 
control limit (as set by the Control of Asbestos Regulations 2012) of 0.1 f/cm3 airborne fibres 
averaged over a 4-hour period. 

7.4.5 Any made ground soils where asbestos is positively identified and considered representative 
of near-surface soils, will ultimately be isolated beneath the proposed minimum 1,000mm 
thick surface cover of “clean” soil (garden/landscaped areas), or hardstand (parking 
areas), or floor slabs (buildings) and therefore there will be no risk of release of asbestos fibres 
from the ground.  Consequently, in line with the principles of sustainable development, there 
should be no need to export any soil from site due to the presence of asbestos. 

  



Remediation Strategy 
Westgate, Cleckheaton 
Report No 3043/4B 

 

 

  22 

7.5 Demolition  

7.5.1 Demolition works should commence on completion of asbestos removal and a "soft-strip" of 
the existing buildings.  

7.5.2 Existing buildings should be demolished in a safe and controlled manner.     

7.5.3 All demolition operations should conform to BS 6187:2011 Code of Practice for Demolition.  
All personnel working on these operations should be fully qualified to do so. 

7.5.4 A detailed Method Statement specific to the project must be prepared by the Contractor 
and submitted to Strata .  The Method Statement should also be submitted to, and 
approved by, the Engineer and the Local Authority. 

7.5.5 Once buildings have been demolished, all surface hardstand and floor slabs should be 
grubbed-up and stored in a location on site, to be agreed with the Engineer, prior to 
crushing (see Section 7.16).   Any unsuitable materials should be removed to a suitably 
licensed landfill site (see Section 7.24). 

7.6 Supplementary ground investigation 

7.6.1 Lithos Geoenvironmental investigation report recommended some supplementary post 
demolition investigation once areas of hardstanding are grubbed-up.  However, given 
successful remediation of this site requires turnover of up to 3m of made ground in all Areas 
(see section 7.8 below), the need for this additional ground investigation is no longer valid.  
Additional ground investigation at this stage would not support further refinement of this 
Remediation Strategy, or significantly reduce current uncertainties detailed in section 4.3.   

7.7 Decommissioning of boreholes 

7.7.1 BHs 501 to 509 & PH501 to 520 (excluding PH503 & 504) are currently being monitored 
monthly for groundwater levels and ground gas.  Monitoring should be completed in April 
2021, before groundworks commence.  This will allow information, particularly groundwater 
fluctuations to be considered within the earthworks design.   

7.7.2 Continued monitoring of BH502, 508 & 509 along the southern boundary is recommended 
at weekly intervals during remediation in Area A and the former reservoir in Area B to identify 
any contaminant movement toward the beck (see Section 7.12).  The Contractor should 
ensure these boreholes are protected by the erection of secure herras-type fence, until such 
time as agreed with the Engineer.  

7.7.3 All monitoring wells should ultimately be decommissioned once no longer needed, in order 
to prevent the possibility of contamination in made ground migrating into the deep aquifer 
(Groundwater Body2); see Drawing 3043/9.   

7.7.4 Decommissioning should be undertaken during excavation and turnover of made ground 
by carefully removing soils around each borehole and removing the upper section of 
pipework to excavated levels, filling the remaining well with gravel and then bentonite 
pellets (uppermost 3m; to be wetted after placement).  The headworks (raised helmet or 
stop-cock type cover) should be removed from site.   

7.7.5 If wells were decommissioned in advance of earthworks, the sealed pipework would likely 
be pulled from the ground.  (Once pipework is removed, the probability of successfully 
finding and decommissioning the open borehole is low). 

7.7.6 Treatment of the wells should be undertaken in accordance with the EA guidance 
document "Decommissioning Redundant Boreholes & Wells" included in Appendix E.  
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7.8 Turnover of made ground 

7.8.1 Turnover (excavation, screening/sorting and replacement in engineered layers, with 
compaction) of the full thickness of made ground, or a minimum of 3m, is required in all 
Areas in order: 

• To remove relict foundations and obstructions (including below ground tanks, treatment 
chambers, reservoir silts, redundant sewers) 

• To remove the soil/fill grossly contaminated with hydrocarbons, predominantly in Area 
A and the reservoir in Area B, although localised pockets may be present in Area C.  

• To prepare the ground beneath proposed new estate roads  

7.8.2 Further details of specific operations associated with turnover are described in the following 
sections and also in Lithos Earthworks Specification (3403/7). 

7.9 General excavation  

7.9.1 Excavation of made ground will be undertaken in a controlled manner, working from a line 
agreed with the Engineer in linear panels.   

7.9.2 Excavated material should be removed from each panel and screened to remove oversize 
(> 200mm) and other unsuitable (e.g. anthropogenic or biodegradable materials), prior to 
replacement, or treatment under a mobile plant permit (see section 4.2). 

7.9.3 Each panel should be inspected by the Engineer, and have its depth and extent recorded 
by survey, prior to backfilling (see Section 7.22). 

7.9.4 Any excavated and screened material that needs to be stockpiled temporarily should be 
placed in areas designated by the Engineer.  Any stockpile of made ground should be 
assumed to contain elevated concentrations of inorganic contaminants, and it should be 
ensured that such materials are not allowed to cross-contaminate any clean soils or 
controlled waters.  

7.10 Site regrade 

7.10.1 Regrade of site is anticipated to facilitate the proposed housing layout.  It is understood that 
Strata will require the appointed earthworks contractor to undertake digital terrain 
modelling, with a view to: 

• Achieving a materials balance (thereby avoiding the need for any significant import or 
export of soils) 

• Confirming final levels, including Plot FFLs 
• Achieving acceptable highway and drive gradients 
• Minimising foundation abnormals 

7.10.2 Earthworks modelling should consider the possibility of using site-won subsoil as cover 
material (subject to the Engineer’s approval see Section 7.25), and how excess foundation 
and drainage arisings will be accommodated. 

7.11 Tank/treatment chambers 

7.11.1 A number of former tanks are shown on historic maps within Area A.  It is believed that some 
were below ground storage tanks, possibly containing coal tar.  Others were treatment 
chambers for the production of sulphuric acid (likely lead-lined). 
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7.11.2 Each tank should be carefully identified and emptied of any residual product, purged of 
potentially explosive vapour, and safely disposed of from the site by an appropriately 
qualified and licensed contractor.   

7.11.3 Some treatment chambers may have been constructed with an outer layer of brick or 
concrete.  This brick / concrete should be visually inspected to establish the degree of 
impregnated oily contamination to decide if it is suitable for retention, or if the degree of 
contamination would make it unsuitable for on-site use in processed aggregate, therefore 
requiring off-site disposal.  

7.11.4 Any underground distribution pipe work should be purged of any residual product and 
explosive vapours and then carefully removed.   

7.11.5 The Engineer will inspect the resultant excavations, and supervise the chasing-out of any 
grossly contaminated soil/fill encountered (see Section 7.12).  

7.12 Excavation of soil/fill with organic contamination 

7.12.1 Lithos advocates the removal\treatment of soils that contain significant free product.  This 
is because all risk assessment models assume there is no free product so do not accurately 
consider the risk.  Also free product is considered a primary source of contamination, i.e. it 
will not degrade rapidly, if at all, and allows a continued loading of contamination to soil 
and groundwater.  

7.12.2 In this context, significant free product would be readily identifiable to the naked eye, and 
pervasive throughout the soil mass, probably with noticeable seepages.  Traces of free 
product in fissures or localised, cobble-sized pockets, would not normally be considered 
significant. 

7.12.3 No evidence of significant areas of free product or extensive areas of hydrocarbon 
contamination have been recorded to date.  However, the possibility that localised 
‘pockets’ will be encountered during the site preparatory works is reasonably high, 
particularly in Area A & C.  It is also likely that below tanks and pipelines containing free 
product are present in Area A. 

7.12.4 Fuel contaminated material identified, should be excavated under the full-time supervision 
of the Engineer, who will be equipped with a portable PID instrument to assist with 
delineation.   

7.12.5 Following excavation of the grossly contaminated ground, the Engineer will inspect and 
sample the resultant excavations. 

7.12.6 A minimum of 5 verification samples should be taken from the excavation sidewalls and 
base.  These samples should be tested for TOC, speciated PAH & speciated TPH.  Analysis 
for other determinands, likely SVOC and VOCs in Area A, may be appropriate and will be 
requested by the Engineer as necessary. 

7.12.7 In larger excavations, additional verification samples should be taken from the exposed 
excavation surfaces on a 10m grid.   

7.12.8 The Engineer will instruct continued removal of soil/fill if verification samples yield 
concentrations in excess of the clean-up criteria outlined in Section 3. 

7.12.9 Excavations should not be left open for longer than is necessary, and should be securely 
cordoned-off using 2m high Heras-type fencing, with appropriate warning signs whenever 
excavation works are suspended. 

7.12.10 Excavated contaminated soils should either be treated or disposed of off-site; see Sections 
7.23 and 7.24 respectively. 
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7.12.11 On completion of tank/soil removal, excavations are to be backfilled (see Section 7.17). 

Groundwater monitoring during excavation of organic contamination  

7.12.12 Areas of gross organic contamination are anticipated in Area A and within the reservoir in 
Area B.  As both are likely to be in hydraulic connectivity with Blacup Beck via shallow 
groundwater, it is recommended that groundwater monitoring is periodically undertaken 
during the exaction of these areas.   

7.12.13 Monitoring wells are already installed in BHs 502, 508 & 509 along the southern boundary 
between the Beck, Area A and the reservoir.  During excavation of made ground, removal 
and treatment of source areas, these boreholes should be monitored for metals, VOC & 
sVOC at a minimum frequency of once a week.  However, the monitoring frequency should 
reflect the excavation programme, more frequent monitoring could be required during 
periods of increased activity, particularly during excavation of the reservoir.   

7.12.14 No compliance limits are proposed, monitoring is solely intended to consider trends in 
contaminant loading and provide an early indication of mobilisation of contaminants in the 
groundwater.   

7.12.15 If an increase in contaminant loading in groundwater is identified, excavation works should 
stop, and the process be reviewed.  This could include: 

• reducing the width of excavation panels,  
• over pumping groundwater in excavations to prevent flow through source areas.  
• covering or backfilling some parts of the excavations to reduce infiltration.   

7.12.16 Groundwater monitoring is not considered necessary during remediation and excavation 
of made ground across the wider site. 

7.12.17 Once remediation of the reservoir and Area A is complete the three monitoring boreholes 
should be decommissioned (see Section 7.7).  

7.13 Control of water 

7.13.1 Surface water sampling, both up and down gradient has been undertaken on three 
occasions.  No elevated concentrations of determinants were recorded during any 
sampling round, suggesting a low mobility of site contamination.   

7.13.2 However, site preparatory earthworks and remediation can result in mobilisation of 
contamination either via groundwater flow or sediment discharge.   

7.13.3 Groundwater is likely to be encountered, particularly following periods of high rainfall.  
Drawing 3043/15, included in Appendix A shows where excavations are most likely to 
encounter water. 

7.13.4 Groundwater should be controlled in accordance with CIRIA report 113 “Control of 
Groundwater for Temporary Works”. 

7.13.5 Arrangements should be made to prevent ponding in any excavation “hollows”; the 
Contractor should ensure that ground levels are of sufficient gradient to enable the 
collection of surface water run-off in sumps or grips. 

7.13.6 Pumping from over-excavated sumps may be required to maintain satisfactory working 
conditions.   
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7.13.7 The Contractor should make all necessary arrangements to prevent off-site migration of 
contaminated sediment via surface water run-off, and avoid any pollution of Blacup Beck.  
This will necessitate the installation of surface water grips, and removal, sealing-off, or 
diversion of all redundant former site drains (and any land drains).  

7.13.8 A Surface Water Management Plan should be prepared with input with the Contractor, to 
describe the mitigation measures that will be put in place to intercept direct run-off from 
any disturbed areas, stockpiles etc, thereby preventing any potential impact of adjacent 
land and nearby watercourses.  Surface water run-off will probably require treatment (as a 
minimum to allow settlement of fines) prior to consented discharge.   

7.13.9 The gradient on the development site and the location of the beck at the lowest point on 
site will make management of surface water problematic.  The SWMP should consider a 
phased method of mitigation along several plateaus, with separate collection points, rather 
than a single silt fence along the line of the beck, although this is also recommended.  

7.13.10 It is quite likely that perched waters and shallow groundwater will also be encountered 
during the remediation earthworks; most commonly associated with redundant drains, 
buried structures and below groundwater resting levels (97mAOD to 95mAOD).  

7.13.11 Some groundwater may be contaminated with hydrocarbons and\or VOCs, such as those 
encountered in the reservoir.   

7.13.12 It should be noted that significantly elevated concentrations of hydrocarbons and heavy 
metals are often associated with sediment within the former drainage network below 
brownfield sites such as this, and that these, if released, pose potential risk to waters. 

7.13.13 Any potentially contaminated water should not be allowed to escape to other areas until 
the results of the analysis are available and, if required, a suitable means of water treatment 
has been agreed. 

7.13.14 Water collected water should be passed through a series of oil/water separators to remove 
any oily contamination.  Oils trapped in the absorbent medium should be disposed of to a 
suitably licensed landfill site.   

7.13.15 Treated water should then be tankered off-site, or be discharged to sewer, subject to 
analytical results and Yorkshire Water consent.   

7.13.16 No active pumping or treatment of groundwater for contamination, beyond managing 
water in excavations, is recommended. 

7.13.17 Dewatering associated with construction activities is no longer automatically exempt from 
the Water Abstraction and Impoundment (Exemptions) Regulations 2017 (WAIR 2017).  A 
permit may be required if: 

• The abstraction is continuous and extends over a 6 month period 
• The abstraction could cause damage to a conservation site or protected species 
• Water is not immediately discharged back to ground, or 
• The volume of water pumped exceeds 100 cubic meters per day 

7.13.18 If excavations cannot be programmed to coincide with lower groundwater levels, 
discussions may be needed with the Environment Agency to confirm WAIR 2017 does not 
apply or secure an exemption. 
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7.14 Removal of below ground obstructions 

7.14.1 All foundations associated with existing buildings and other relict structures should be 
chased out and grubbed-up, in order to remove potential obstructions to new foundations 
and infrastructure.   

7.14.2 Where relict structures are found to retain fluid contaminants, they should be drained first.  
The drained fluids should be stored in appropriate, sealed tanks/containers and analysed 
for a range of determinands to be agreed with the Engineer.  Fluids may then be tankered 
off-site, or be discharged to sewer, subject to analytical results and local water treatment 
company consent. 

7.14.3 Deep excavations for the removal of structures etc will be unstable in the short term and 
continuous side support will be necessary.   

7.14.4 Where significantly deep foundations (e.g. piles) cannot be removed by conventional 
means, they are to be cut at a depth to be agreed with the Engineer and the position of 
the remaining lower section is to be accurately recorded by survey. 

7.14.5 Suitable materials derived from grubbing-up should be stored in a location on site, to be 
agreed with the Engineer, prior to crushing (see Section 7.16).   Any unsuitable materials 
should be removed to a suitably licensed landfill site (see Section 7.24).   

7.14.6 It is anticipated that much of the grubbed-up concrete and brick arisings in Area A will be 
coated by contaminants.  Consideration could be given to steam-cleaning of these arisings 
in order to generate material suitable for crushing and re-use, if they can be proven not to 
have been impregnated. 

7.15 Management of stockpiles 

7.15.1 Materials management across all four areas will be critical to secure successful remediation 
and earthworks.  The physical and chemical properties of material generated from 
excavations will determinate where this can be reused, and where / what depth material 
can be reused.  

7.15.2 It is strongly recommended that separate stockpiles / storage areas are established for; 

• Material physically suitable for crushing and reuse as engineered & non engineered fill 
(including consideration of impregnated contaminants) 

• Crushed aggregate ready for placement  
• Made ground that requires treatment for organic contamination. 
• Made ground that meets controlled waters targets and can be placed at or below 

97mAOD 
• Made ground that meets health targets and can be placed within the upper 2m of the 

development formation (below garden cover) 
• Topsoil / subsoil suitable for reuse 
• Clean natural strata excavated for use as subsoil 
• Material for off site disposal  

7.15.3 See also comments in Section 7.17 regarding sulphate-rich made ground in Area A. 

7.15.4 Clean naturally occurring topsoil and subsoil should not be imported and stockpiled on site 
until these can be placed in a remediated location, away from ongoing earthworks to avoid 
the potential for cross contamination (see section 7.25). 
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7.16 Crushing 

7.16.1 Production of a selected granular fill should be possible if suitable materials (generated by 
demolition operations and grubbing-up of floor slabs, foundations and other relict structures) 
are crushed. 

7.16.2 The crushed product should be screened to remove any unsuitable elements and stockpiled 
for re-use during the subsequent construction works.  Generation of a Class 6 material as 
defined in the Highways Agency Specification (Series 600) should be possible.  

7.16.3 Tarmac could be recycled and crushed to yield a 6F3 selected granular material, provided 
the recovered bitumen content is less than 10% (determined in accordance with BS598-
1:2011).  Alternatively, crushed tarmac could also be blended with crushed concrete etc to 
generate 6F2 graded material.  6F2 can contain up to 50% recycled tarmac/asphalt 
(provided it does not pose a contamination risk to controlled waters and, if the proportion 
of asphalt is greater than 20%, the recovered bitumen content is less than 2%). 

7.16.4 The Engineer should check the suitability of crushed product for re-use, instruct the removal 
of any unsuitable material and schedule appropriate confirmatory geotechnical or 
chemical testing. 

7.16.5 It should be possible to generate other secondary aggregates from crushed concrete 
provided it is subject to good sorting prior to crushing and thereby contains little ‘impurity’ 
(e.g. brick, breeze block, wood, re-bar etc).  The Contractor should liaise with the Local 
Authority to obtain their views with respect to the use of Type 1 etc generated from recycled 
concrete. 

7.16.6 A minimum of 3 samples (or 1 sample per 500m3, whichever is the greater) should be taken 
from any stockpile of specific crushed product and sent to a UKAS accredited laboratory 
for analysis to assess whether the material conforms to requirements as defined in of the 
Highways Agency Specification for Highway Works; Series 600 (if 6F2 is anticipated), or Series 
800 (if Type 1) and end of waste criteria for aggregates set out in the WRAP protocol. 

7.17 Backfill of excavations 

7.17.1 As discussed in Section 2.2, elevated concentrations of elemental sulphur were recorded in 
Area A.  Sulphur will oxidise rapidly to sulphate and this can influence concrete mixes.  The 
potential for particularly high sulphate concentrations should be anticipated in Made 
Ground excavated from Area A. 

7.17.2 Made Ground from Area A should be retained in this Area, not used across Area B, C or D 
to prevent the need for protective concrete mixes across the entire site.  Where made 
ground cannot be retained in Area A additional supplementary testing for sulphate should 
be undertaken, prior to placement.   

7.17.3 Excavations (to remove tanks, relict structures, contamination etc) should be backfilled as 
necessary to achieve the desired levels, with suitable materials and compacted in 
accordance with Lithos’ Earthworks Specification (3043/7 dated November 2021). 

7.17.4 Trenches for services including site drainage and water supply should be cut over size in 
order to isolate pipe materials from potential contaminants and to enable maintenance to 
be conducted in "clean" material. 

7.17.5 The site surface should be initially left approx. 1,200mm below proposed finished garden 
levels to allow for placement of 1,000mm cover and 200mm piling mat.  In areas of highways 
the ground surface will be left approximately 600mm below finished road level.   
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7.17.6 Excavated arisings will be inspected by the Engineer in areas of suspected contamination, 
and any suspicious material or material yielding evidence of significant contamination 
(based on visual\olfactory observations), will be placed in temporary stockpiles from which 
an adequate number of samples will be taken (typically a minimum of 6 samples).  The 
samples will be scheduled for an appropriate suite of contaminants in order to characterise 
the material and decide its fate. 

7.17.7 Any material considered unsuitable for use as backfill will either be treated on-site (see 
Section 7.23), or be exported from site (see Section 7.24). 

7.18 “Clean” corridors  

7.18.1 Along the line of proposed new sewers (and within the footprint of a proposed attenuation 
tank), made ground will be excavated to its full thickness, or at least 1.0m below deepest 
sewer invert whichever is the lesser, to a width agreed with Strata. 

7.18.2 The resultant excavation will only be backfilled with “clean” material which might comprise 
any of: 

• site-won natural soils; 
• crushed concrete; and/or 
• suitable imported natural soils or quarry aggregate. 

7.19 Placement of a granular running layer & piling mat 

7.19.1 A minimum 200mm thickness of suitable granular fill (ie a “blanket” of 6F2) could be placed 
along the line of proposed haul roads to provide a firm and stable running layer for the 
subsequent construction works.   

7.19.2 Ground conditions at this site are considered likely to require provision of a piling mat 
(working platform) and further advice should be sought from the appointed specialist-piling 
contractor regarding the proposed plant loadings and resulting pressures.  This data, 
together with a knowledge of the strength and variability of the near-surface ground 
conditions is required in order that design of a mat can be undertaken in accordance with 
guidance provided in the 2004 BRE document, “BR 470: Working platforms for tracked 
plant”.   

7.19.3 The design of working platforms for tracked plant is a geotechnical design process and 
should be carried out by a competent person.  The following parties should have input into 
the design: 

• Permanent works designer, to consider additional uses for platform material as part of 
the overall development 

• Principal contractor, to define any other purposes for which the platform might be used 
• Contractor or subcontractor, to specify requirements for the platform, including 

gradients, ramps and edges. 

7.20 Highways  

7.20.1 The Contractor should consult the adopting authority regarding preparation of the ground 
beneath new highways (as outlined below, or in any proposed alternative specification) in 
advance of the works.  The Contractor should also agree acceptable performance criteria, 
with the Engineer and the adopting authority.   

7.20.2 However, it is considered that the following options would be suitable to enable the 
construction of the highways. 
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7.20.3 Made ground should be excavated from beneath new highway footprints to a maximum 
of depth of 3.0m - from existing ground level or proposed highway formation, whichever is 
the lower.  Highways should then be raised to formation level, either with: 

• Suitable aggregate placed & compacted in accordance with The Highways Agency 
Specification for Highway Works (SHW) Series 600, or 

• Suitable screened & selected site-won material, placed & compacted in accordance 
with SHW Series 600.  Unsuitable materials include any soft or wet materials, 
biodegradables including topsoil, wood, scrap metal, frozen & oversize material. 

7.20.4 Some refinement of the above advice might be possible after highways design (with 
consideration of the proposed formation level cf existing ground level), and via inspection 
(and usually CBR testing) of the proposed formation during site preparatory groundworks. 

7.20.5 Any residual made ground materials in the base of the excavation (i.e. in areas where the 
thickness of made ground exceeds 3m) should be inspected and (where necessary) any 
soft spots removed and replaced with suitable engineered fill. 

7.20.6 In the footprint of proposed highways, the contractor, under supervision, must ensure that 
relict obstructions are removed to a minimum of 500mm below deepest sewer invert.  The 
resultant sub-formation should then be proof rolled, in accordance with the Specification 
for Highway Works. 

7.20.7 If deep backfilled basements (Area A) and backfilled quarries (east of Area B & south of 
Area C) conflict with new highways, further advice should be sought from the Engineer 
responsible for detailed infrastructure design.  However, where highways span the ‘high-
wall’, the following precautions are recommended to protect infrastructure from damage 
due to differential settlement. 

• The made ground should be excavated over the full width of the adoptable highway 
to at least 1.0m below deepest sewer invert 

• The base of the excavation (1.5m below sewer invert) should be reinforced with two 
layers of Tensar Triax TX160 (or equivalent) geogrid sandwiched within at least 300mm 
of suitable aggregate (i.e. nominally 75mm aggregate, geogrid, 150mm aggregate, 
geogrid and then another 75mm aggregate). 

7.20.8 A minimum length of 5m either side of the highwall should be treated to the above 
specification, although the final specification should be agreed with the adopting authority.  

7.20.9 Crushing of demolition/hardstand/foundation arisings will generate aggregate, which 
(subject to confirmatory testing) should be suitable for use as unbound pavement materials 
within the highways. 

7.20.10 The suitability of site-won material for placement as engineered fill should be confirmed by 
field trials and geotechnical laboratory testing, which will yield the following information: 

• Number of passes with the compaction plant (to be used during subsequent 
earthworks) 

• Maximum layer thickness (plant dependent) 
• Acceptance criteria: minimum dry density & moisture content range 

7.20.11 The engineered fill should achieve at least 95% maximum dry density, with air voids 
comprising less than 10%, as determined by 2.5kg laboratory compaction tests. 

7.20.12 Where the made ground is re-engineered in accordance with the above specification, it is 
considered that a CBR value of 5% should be achievable; however, this should be verified 
by field trials. 
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7.20.13 The Contractor will arrange for the necessary compliance testing to be undertaken at 
formation level on road alignments, as required by the adopting authority and Engineer.  As 
a minimum this should comprise plate load tests, carried out to determine the CBR at 
formation level, at approximate 25m intervals.  Test locations should be staggered across 
the width of the highway to ensure the whole highway area is assessed. 

7.21 Boundary issues 

7.21.1 Strata’s Designer should ensure that proposed levels tie in with the surrounding infrastructure, 
and ground levels of adjacent properties (after allowance for the placement of any 
required soil cover).  It is understood the development incorporates a new retaining wall 
among the northern boundary of Area A.   

7.21.2 Advice should be sought from the Engineer if mobile contamination or redundant 
drains/utilities are encountered close to the site’s boundaries.  This is likely to be particularly 
important on the northern boundary of Area A, where historic maps show the former 
chemical works extended to the north beyond the site boundary. 

7.22 Surveying 

7.22.1 The Contractor should arrange for the following survey work as directed by the Engineer: 

• All setting out necessary to allow the works to proceed 
• Recording of the depth and lateral extent of excavations to remove obstructions, 

contaminated soils etc 
• Recording of the positions of any relict obstructions (i.e. piles) left in-situ 
• Recording the depth & extent of each excavation panel during turnover of made 

ground, prior to backfilling 
• Recording of natural ground levels, where natural ground encountered during the 

earthworks 
• Recording the final location of potentially combustible or treated hydrocarbon-

contaminated soils 
• Recording the locations and volumes of all stockpiles of suitable materials left on site for 

Strata ’s use during the development works 
• As-built survey of the finished surface on completion of the remediation contract 

7.22.2 The Contractor should supply the results of this survey work (disc & hard copy) to the Engineer 
for inclusion in the Verification Report. 

7.23 On-site treatment of contamination 

7.23.1 Hydrocarbon contaminated material is considered likely to be suitable for treatment on site, 
although some export to landfill is anticipated (see Section 7.24). 

7.23.2 Excavated soils should be screened, to remove oversize (concrete and brick), and the 
remaining fines hauled to a treatment area. 

7.23.3 Within an impacted mass, contaminant concentrations are likely to vary significantly, and 
segregation of very heavily contaminated material from less contaminated material may 
not be practical.  However, deliberate “overdig” of soil that has not been impacted, for 
mixing with contaminated soil, is not acceptable. 
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7.23.4 The treatment area, irrespective of treatment technique should be formed on an 
impermeable composite liner (clay with polythene membrane, or HDPE sheeting, or 
concrete hardstand) in an area of site agreed with the Engineer, ideally away from 
residential properties and in a location where it can remain undisturbed throughout the 
duration of site wide remediation.   

7.23.5 A lined collection trench should be constructed along the width of the treatment area, 
within the bund, to collect rainwater runoff and leachate.  This water should then be passed 
through the water treatment tanks prior to disposal to sewer (see Section 7.13).   

7.23.6 Validation samples should be taken at a minimum rate of 1 composite sample per 200m3 of 
treated soil (with a minimum of 6 samples if the volume treated is less than 1,200m3).   
Chemical analysis of these samples at a minimum of weekly intervals (although this 
frequency is highly dependent on the remediation technique adopted) will enable 
determination of the average concentration of each contaminant of concern and will be 
used to demonstrate successful remediation before material can be reused.   

7.23.7 A windrow/stockpile will be deemed to have been successfully treated once two 
consecutive sampling rounds yield mean concentrations of all the contaminants of concern 
below agreed clean-up criteria (see Section 3 and Appendix C).   

7.23.8 Treated soils should be placed in accordance with recommendations in the detail risk 
assessment as summarised in Section 3, with remediation depths also shown on Drawing 
3043/15 (cross section of Areas A & B) 

7.23.9 Retention and re-use of treated material on site must be undertaken in accordance with 
the principles of the CL:AIRE Code of Practice (v2, March 2011); i.e. the treated material 
must be suitable for use, at this site consideration must be given the suitability in respect f 
controlled waters and human health. 

7.23.10 Once a decision on how the hydrocarbon contamination will be dealt with has been made 
(i.e. stabilisation/bioremediation or landfill), this should be set out in the Contractor’s Method 
Statement, a copy of which should be kept on site and made available for inspection by 
regulators should they request. 

7.24 Export to landfill 

7.24.1 Excavation arisings that are unsuitable for retention and re-use on site should be placed in 
temporary stockpiles on hardstand or polythene sheeting and be suitably covered to 
minimise the potential for dust/odour nuisance, and prevent surface water run-off.    

7.24.2 Any material exported from site to landfill should be hauled by a registered waste carrier in 
accordance with the requirements of the Waste Regulations 2011 and the Landfill (England 
& Wales) Regulations 2002.  

7.24.3 A transfer note should be completed, signed and retained by the parties involved. The 
transfer note should include the volume of waste, the nature of the material and a 
statement of its chemical composition, details of the source and destination sites, and 
details of the haulier.  

7.24.4 In order to protect the general public from dust and vapour emissions, wagons that are to 
be used for the haulage of the contaminated material from the site must be sheeted.  In 
addition, the Contractor must ensure that no fluids seep from the wagons. 

7.24.5 In order to provide the landfill facility with information regarding chemical composition of 
the waste, further analysis of any material that requires removal from site may be required. 
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Waste classification 

7.24.6 Characterisation of stockpiled materials generated during the site preparatory works will be 
required if off-site disposal is proposed. 

7.24.7 It should be noted that the classification and assessment of waste soils under the 
Environment Agency’s Technical Guidance WM31, is a complex process and this is different 
to classification under a Waste Acceptance Criteria (WAC) test required by landfills.   

7.24.8 It is critical if material is to be exported from site that this is allocated an appropriate waste 
code, following the steps within WM3.  It is highly likely that material on this site will fall under 
various waste codes (not all material will fit the description 17 05 Soils and Stones), 
furthermore it is likely that a percentage of made ground could be classified as hazardous.  
As such careful material segregation is essential.   

7.24.9 Waste carriers transporting, and sites accepting, this material should have a corresponding 
code within their permits.  It is the responsibility of those generating the waste (i.e. the 
developer), to ensure that the waste is handled and disposed of appropriately.   

7.24.10 With respect to asbestos, waste soils will be classed hazardous if the soil mass contains more 
than 0.1% asbestos fibres that are free and dispersed.  However, WM3 states that where the 
waste contains identifiable pieces of asbestos (i.e. any particle of a size that can be 
identified as potentially being asbestos by a competent person if examined by the naked 
eye), then the waste is hazardous if the concentration of asbestos in the pieces alone is 
0.1%. If a stockpile of soil contained rare fragments of broken asbestos-cement sheeting, the 
whole stockpile would be classed as hazardous unless all the fragments could be picked-
out (even though the concentration of asbestos in the soil mass might be orders of 
magnitude less than 0.1%). 

7.24.11 Some localised areas of tarmac hardstand is present in Area D.   

7.24.12 This tarmac could be recycled and crushed to yield a 6F3 selected granular material, 
provided the recovered bitumen content is less than 10% (determined in accordance with 
BS598-1:2011).  Crushed tarmac could also be blended with crushed concrete etc to 
generate 6F2 graded material.  6F2 can contain up to 50% recycled tarmac/asphalt 
(provided it does not pose a contamination risk to controlled waters and, if the proportion 
of asphalt is greater than 20%, the recovered bitumen content is less than 2%).   

7.24.13 However, if off-site disposal is anticipated, tarmac assessment is based on the amount of 
coal tar present, this will vary depending on the age of the tarmac.  The assessment is based 
on the amount of benzo(a)pyrene, and has a concertation limit of 50mg/kg. 

7.24.14 Lithos could undertake the WM3 assessment once export waste streams have been 
identified. 

7.25 Placement of soil cover 

7.25.1 Clean inert soil will be placed over the made ground in proposed garden and landscaped 
areas (but not beneath hardstanding).  This cover layer is to comprise a minimum 1,000mm 
of “clean” subsoil and topsoil. 

7.25.2 Some natural strata suitable for use as subsoil may be sourced on site by excavation of the 
uppermost 500mm or so of natural soils beneath made ground during earthworks.  This could 
generate a sufficient volume of ‘clean’ subsoil for placement across approximately half of 
the proposed development in gardens and landscaped areas.  

 
1 Technical Guidance WM3 – Guidance on the classification and assessment of waste. Environment Agency 2015 
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7.25.3 This subsoil would be best placed during the construction phase; i.e. it should be left in 
stockpile(s) on completion of the site preparatory works, subject to the Engineer’s approval.   

7.25.4 However, if a soil inversion to source subsoil is undertaken, careful earthworks modelling 
would be required to ensure made ground, with concentrations above the controlled 
waters site specific screening value, is placed at depths in excess of 97mAOD.  

7.25.5 Material imported for use as cover should be validated in accordance with Lithos’ Protocol 
for Soil Importation, copied in Appendix B.  This Protocol includes chemical assessment 
criteria which should not be exceeded. 

7.25.6 This work may be undertaken as part of the contract for the preparatory & remediation 
works, in which case imported soils should be stockpiled in a location agreed with the 
Engineer.  Alternatively, the developer may choose to import soil at a later stage in the 
development. 

7.25.7 In all cases it is best practice to confirm the suitability of topsoil and subsoil, prior to importing 
to site. 

7.26 Hazardous gas protection 

7.26.1 Based on the site characterisation (Traffic Light) as discussed in the Gas Risk Assessment in 
Appendix D, the proposed foundation solution, and with reference to the gas protection 
“scoring” system outlined in BS8485:2015+A1:2019, Lithos consider that the following 
protective measures should be incorporated in new dwellings: 

Traffic light 
classificn and 
“score” req’d 
by BS8485# 

Floor slab 
(BS8485 “score”) 

Protective measures 

Sub-floor ventilation 
(BS8485 “score”) 

Membrane 

Type 
(BS8485 “score”) 

Areas B, C & D 
  

Amber 1 
 

3.5 

Select one from: 
 
i. Block & Beam – (0). 
ii. Reinforced ground 

bearing slab – (0.5). 
iii. Reinforced, cast in-

situ suspended slab 
(with minimal and 
suitably sealed 
service penetrations 
& joints) – (1.5). 

iv. Reinforced ground 
bearing raft (with 
limited service 
penetrations cast 
into slab).  Note: the 
venting area through 
any downstand 
beam should be 3 
times greater than 
that provided by the 
side ventilation (air 
bricks) – (1.5). 

Select one from: 
Passive sub-floor 
ventilation; venting 
layer could be: 
i. A min. 150mm clear 

void  (2.5), or  
ii. A proprietary void 

former providing an 
equivalent clear void 
depth of 60mm; see 
Section B7 in BS8485 
(2.5), or 

iii. Min. 300mm thick 
blanket of min. 
20mm single size 
gravel (1.0). 

 
Min. ventilation = 1,500 
mm2/m run of external 
wall (via air bricks on 
each of 2 opposite 
sides), with 100mm 
pipes at 1.75m centres 
or honeycombing of 
any sub-floor sleeper 
walls.   

Gas resistant membrane meeting all of the following 
criteria: 
• sufficiently impervious to gases with a methane 

gas transmission rate <40.0 ml/day/m2/atm 
(average) for sheet and joints (tested in 
accordance with BS ISO 15105-1 manometric 
method); 

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

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

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

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

• a minimum 0.4 mm thickness (1600g polyethylene) 
reinforced membrane (virgin polymer  

• verified in accordance with CIRIA C735∞  
  (2.0)   

Area A 
 

Amber 1 
 

3.5 

Hydrocarbon resistant membrane meeting  
• all of the criteria specified for Amber 1 (above)  
• including additional protection against organic 

hydrocarbon vapours  
Advice should be sought from membrane 
manufacturer based on SI data (2.0) 

Footnotes: 
# Scores are broadly based on those outlined in BS8485:2015+A1:2019 (for Characteristic Situations 2 & 3, and Building Type A).  

∞ In accordance with CIRIA C735, a Verification Plan should be prepared which outlines the activities (inspection and testing), 
the relevant personnel, and the type of records to be collected.  Gas membranes need to be visually inspected to establish 
possible damage. For Amber 2 sites inspection & verification should be carried out by an independent third party.  However, 
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whilst conflicts of interest in verification should be avoided, the Developer’s staff on site could undertake inspection & 
verification on Amber 1 sites.  In all circumstances, the verifier should be competent, experienced and suitably trained. 

 Note NHBC guidance only requires membranes to be fitted by a specialist contractor, and be fully certified, on Amber 2 sites.  
However, BS8485 is considered to ‘outrank’ NHBC guidance, and it would be prudent to comply with this Standard and CIRIA 
C735.   Furthermore, (YALPAG) local authorities have issued guidance requiring a detailed verification method statement in 
advance of the construction phase. This should address how gas measures will be installed and what verification information 
will be provided to demonstrate that installation has been carried out in accordance with the appropriate guidance. 

1. A combination of two or more of the three types of protection measures (slab, ventilation & membrane) should be used to 
achieve the BS8485 score. 

2. The membrane should always be lapped and sealed in accordance with BRE\Environment Agency Report BR 414 (2001) – 
“Protective Measures for housing on gas-contaminated land”.  The membrane should be continuous across internal walls & the 
cavity, and there should be a cavity tray in external walls. 

3. In all cases there should be minimum penetration of floor slab by services; any penetrations should be suitably sealed. 
4. Integral garages with occupied rooms above, or direct access through a doorway from the garage to the house, should be 

provided with the same protective measures as the rest of the dwelling.  Buildings with basement car parks (with ventilation in 
accordance with Building Regulations) may not require gas resistant membranes. 

7.26.2 A copy of the full Gas Risk Assessment (Report No. 3043/5) is presented in Appendix D.  
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GENERAL NOTES

1. DO NOT USE THIS DRAWING IN ISOLATION. THIS DRAWING HAS BEEN
PREPARED AS PART OF A SET AND MUST BE READ IN CONJUNCTION WITH ALL
OTHER DRAWINGS. ANY DISCREPANCIES MUST BE REPORTED TO THE
ENGINEER PRIOR TO THE COMMENCEMENT OF WORKS

2. MODELLING SHALL BE CHECKED AGAINST THE REMEDIATION STRATEGY
3. MODELS HAVE BEEN PRODUCED USING INFORMATION AVAILABLE AT THE

TIME.
4. CUT AND FILL VOLUMES ADVISED ARE FOR GUIDANCE PURPOSES ONLY. THE

GROUNDWORKS CONTRACTOR IS EXPECTED TO UNDERTAKE HIS OWN
COMPUTATION OF MATERIAL FROM THE INFORMATION PROVIDED. ANY
SIGNIFICANT DEVIATION BETWEEN THE QUANTITY OF MATERIAL
RECOMMENDED AND THAT CALCULATED BY THE CONTRACTOR, IS TO BE
QUALIFIED IN HIS TENDER QUOTATION.

5. ALL EARTHWORKS SHALL BE IN ACCORDANCE WITH THE ACCOMPANYING
SPECIFICATION

6. THE CONTRACTOR IS EXPECTED TO CHECK ALL QUANTITIES AND REPORT
ANY DIVINATION

7. THE CONTRACTOR IS EXPECTED TO PREPARE APPROPRIATE CONSTRUCTION
METHOD STATEMENTS FOR ASPECTS OF APPOINTED WORKS. THIS SHOULD
INCLUDE ANY TEMPORARY PROTECTION OR WORKS

8. STOCKPILE LOCATIONS ARE TO BE AGREED WITH DEVELOPER / ENGINEER
9. REFER TO DRAWING QD1776-070-02 FOR PLATFORM LEVELS
10. TOPOGRAPHICAL SURVEY CONTOURS REPRESENT EXISTING SITE LEVELS

EXCLUDING EXISTING STOCKPILES

SITE CLEARANCE

1. SITE CLEARANCE MODEL HAS BEEN GENERATED BY REDUCING THE
TOPOGRAPHIC SURVEY BASED ON THE ALLOWANCES SHOWN IN FIGURE A

2. ITS IS ASSUMED THAT MATERIAL GENERATED FROM HARD STANDING AND
BUILDING SLABS WILL BE SUITABLE FOR SORTING/CRUSHING TO BE RE-USED
AS 6F2 OR 6F3.

3. IT IS EXPECTED THAT A PORTION OF GENERAL CLEARANCE MATERIAL WILL
NEED TO BE EXPORTED FROM SITE - SUBJECT TO TESTING

4. THE RESULTS OF THE SITE CLEARANCE EXCLUDE POSSIBLE BURIED
OBSTRUCTIONS AND BUILDING FOUNDATIONS

5. AS DETAILED IN THE REMEDIATION STRATEGY THE CONTRACTOR MUST NOT
MOVE GROSSLY CONTAMINATED MATERIAL FROM AREA A TO OTHER PARTS
OF THE DEVELOPMENT THIS MATERIAL MUST BE ISOLATED

6. RESULTS PROVIDED ARE SUBJECT TO CONFIRMATION OF ARISING
TREATMENT PROCESSES

POST REMEDIATION LEVELS

1. AN AVERAGE GROUND PROFILE HAS BEEN SET APPROXIMATELY 300mm
BELOW SITE CLEARANCE LEVEL

2. THESE LEVELS PROVIDE A POST REMEDIATION PROFILE WHICH IS TO BE
FORMED PRIOR TO THE PLACEMENT OF CLEAN CAPPING FORMING THE
DEVELOPMENT FINISHED LEVELS

3. POST REMEDIATION LEVEL IS TO BE REVIEWED UPON COMPLETION OF
REMEDIATION STRATEGY AND UPON SITE TURN OVER

PLATFORM LEVELS

1. PLATFORM LEVELS HAVE BEEN SET 1150mm BELOW FINISHED PLOT AND
GARDEN LEVELS AND 650mm BELOW FINISHED CARRIAGEWAY LEVEL

2. PROPOSAL IS FOR GUIDANCE UNTIL REMEDIATION STRATEGY AND POST
REMEDIATION LEVELS ARE AGREED

Only PDF/ DWF Issues of this drawing are controlled.  All other formats (eg.
DWG AutoCAD FILES) are UN-controlled and are used at your own risk.
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1 INTRODUCTION   

1.1 Isolation of made ground in garden and landscaped areas beneath a cover of “clean” 

subsoil, and topsoil is often recommended on residential developments; most notably when 

the made ground contains inorganic (and non-volatile organic) contaminants at 

concentrations above guidance threshold values.  A cover solution is not appropriate for 

volatile or semi-volatile organic contaminants (fuels, solvents etc); removal or treatment will 

usually be required.   

1.2 The thickness of cover is dependent on the nature and degree of contamination (and 

sometimes the Local Authority whose area the site lies within), but typically between 600mm 

and 1,000mm is required.  Where contamination is more significant a granular hard-dig layer 

or geotextile marker membrane may also be required at the base of the cover. 

1.3 If the made ground is essentially "clean", but contains materials generally considered 

undesirable as near-surface material in garden areas (e.g. oversize materials such as 

construction/demolition rubble) then, in accordance with NHBC Standards Chapter 9.2, a 

300mm thick soil cover should be adequate.  If the made ground is essentially "clean" and 

comprises reworked natural soil, the only cover likely to be required is topsoil. 

1.4 The “clean” soil cover blocks potential linkages between the contaminated made ground 

and future residents.  Soil cover is not required beneath drives, garages or houses. 

1.5 The CML initiative, which came into force on 1st April 2003, requires housebuilders to submit 

to NHBC (or other warranty provider) a validation report confirming the thickness and quality 

(i.e. contaminant-free) of the placed soil cover.  Validation reports should normally be 

prepared by independent geoenvironmental consultants.   

1.6 Failure to submit cover validation reports promptly will delay issue of the cover note by the 

warranty provider, which will subsequently delay the release of mortgage funds and hence 

legal completion; i.e. the financial implications are significant.  Consequently, it is essential 

that cover validation is requested at least 2 weeks prior to the anticipated finalling date. 

1.7 Soil cover is usually placed many weeks after completion of the preparatory/remediation 

works, and issue of the associated Verification Report, typically at a relatively late stage in 

the construction programme. 

1.8 Prior to placement of soil cover, the appointed remediation contractor and/or 

groundworker should ensure that ground levels are low enough to accommodate the 

required cover thickness, taking account of any boundary issues, and without compromising 

the DPC and any sub-floor ventilation. 

1.9 Ideally soil quality should be determined by sampling of the source at least 7 working days 

before importation to the development site.  Samples could be obtained from stockpiles on 

site, which may on occasion comprise surplus natural ground development arisings.  Soil 

samples could be obtained from gardens after placement, but this is not recommended. 

1.10 Clearly, if soil cover is imported and placed before confirmation of its suitability, no 

guarantee can be given that validation work will yield the desired results.  It may therefore 

be necessary to excavate and export the placed soil cover and/or import further "clean" 

soil. 

1.11 Where soils have been tested at source and temporarily stockpiled on site, stockpiles should 

be fenced-off and marked as containing certified topsoil/subsoil.  The soil should be 

inspected prior to placement to confirm that it is the same material as previously tested, and 

that it has not been cross-contaminated with miscellaneous arisings generated during the 

construction works.   
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1.12 Soil thickness can only be checked after placement; this should be done before turfing / 

landscaping, but ideally after scaffolding has been dismantled.    

1.13 Sampling Frequency (to check Soil Quality):  The number of samples tested will be 

dependent on the nature of the source, and the quantity of material to be imported.  

However, in accordance with current YALPAG (Yorkshire & Lincolnshire Pollution Advisory 

Group) guidance1, the testing frequency should be as follows: 

Nature of source 
Number of samples (from any single source material) 

Up to 1,000m3 Per additional 1,000m3 

Greenfield At least 3, with at least 1 sample per 250m3 2 

Brownfield At least 6, with at least 1 sample per 100m3 2 

Crushed product At least 3, with at least 1 sample per 500m3 2 

1.14 On a typical development with gardens comprising a total area of 100m2 (front and rear), 

and a soil cover thickness of 600mm including 100mm topsoil, for a brownfield source this 

testing frequency equates to approximately one topsoil sample per ten plots and one 

subsoil sample per two plots.  Given the requirement to test a minimum number of samples 

from any one source, the testing frequency effectively increases for sites with only a small 

number of plots. 

1.15 Inspection Frequency (to check Soil Thickness):  The number of inspection pits excavated 

to check cover thickness (and collect samples, if testing at source has not been 

undertaken), should be dependent on the number of plots associated with the given 

development.  The following frequencies are recommended: 

No. plots within 

development 
Frequency of inspection pits Remarks 

1 to 5 1 pit per plot e.g. for 3 plots, dig 3 inspection pits 

6 to 20 1 pit per 2 plots e.g. for 9 plots, dig 5 inspection pits 

21 to 30 1 pit per 3 plots e.g. for 23 plots, dig 8 inspection pits 

≥ 30 1 pit per 4 plots e.g. for 39 plots, dig 10 inspection pits 

1.16 Photographs should be taken of each inspection pit to show: 

• The thickness of cover material present 

• The presence of any geotextile marker or granular hard-dig layer (if required) 

• The position of each inspection pit in relation to the plot 

1.17 Soil Material Suitability:  Inspection pits should be excavated through the entire thickness of 

any proposed in-situ source material, or cover material (if inspection is post-placement).  

Stockpiles should be assessed from both the surface and by digging into the “core”, to 

ensure the material is reasonably homogenous. 

                                                      
1   Verification Requirements for Cover Systems: Technical Guidance for Developers, Landowners & Consultants; Version 3.4, November 2017. 
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1.18 The soil material should comply with the following requirements: 

• Be clean and free of foreign debris, building waste materials, glass sharps, and 

contaminants 

• Topsoil should not have a gravel content of greater than 30% by dry weight and should 

generally have a maximum stone size of 50mm in any one direction 

• Subsoil should generally have a maximum stone size of 150mm in any one direction 

• Not have been sourced from an area within 7m laterally, or 3m vertically, of Japanese 

Knotweed plants, and not contain any Japanese Knotweed fragments (rhizomes, 

leaves, stems etc) 

1.19 Laboratory Analysis:  Whether samples are taken at source, from stockpiles on site, or from 

gardens after placement, they should be forwarded to an analytical laboratory for testing 

in accordance with one of the Schedules detailed in Table 1. 

1.20 Imported topsoil should be subject to such testing, unless it is being sourced from a reputable 

commercial supplier able to provide robust certification (certificate date less than 2 months 

prior to import date).  In addition, some analysis in accordance with BS3882 may 

occasionally be appropriate. 

Table 1 – Test schedule 

Source Test schedule 

Greenfield & 

Manufactured topsoil 

pH, total metals (Cu, Ni, Zn, Cr III, Cr VI, As, Hg, Se, Cd & Pb), water soluble boron. 

TOC & speciated PAH 

Asbestos ID 

Brownfield & 

Soil transfer stations 

pH, total metals (Cu, Ni, Zn, Cr III, Cr VI, As, Hg, Se, Cd & Pb), water soluble boron. 

TOC, Speciated PAH & banded TPH* 

Asbestos ID 

Crushed product 

pH, total metals (Cu, Ni, Zn, Cr III, Cr VI, As, Hg, Se, Cd & Pb), water soluble boron. 

TOC & Speciated PAH 

Asbestos ID 

Note: The schedules detailed above have been prepared in accordance with the Secondary Model Procedures.  

This document states that analysis should be relevant to potential sources and not merely a set list of parameters 

applied to each site. 

* The YALPAG guidance recommends speciated TPH (TPH CWG) analysis for brownfield sources, but this should not 

be necessary unless the banded TPH analysis fails the assessment criteria detailed in Table 2 below. 

Where crushed product is used at least 600mm below finished garden level, only asbestos analysis will be required. 

1.21 Additional determinands may be scheduled dependent on the history of the source site, 

although if this is considered necessary it may suggest the material is unlikely to be suitable 

for use as clean cover in gardens. 
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1.22 Chemical assessment (Tier 1) criteria for imported soils are provided in Table 2, these reflect 

exposure and toxicological amendments proposed within the C4SL report.  Where no 

revised toxicological value has been published the former CLEA value has been adopted. 

Table 2 - Chemical assessment criteria for imported soils 

Contaminant Source 

Tier 1 

assessment 

criteria (mg/kg) 

Comments/notes 

pH CLEA   

As C4SL 37  

Cd C4SL 26  

Cr (III) C4SL 3,000  

Cr (VI) C4SL 21  

Pb C4SL 200  

Ni C4SL 127 Assessment of human health risk only. 

Se C4SL 434  

Hg C4SL 199 

Assumes mercury present as an inorganic compound (cf 

elemental metal or within organic compound).   

See Science Report SC050021/Mercury SGV. 

B Lithos 5 

Based on phytotoxic risks as plants are the more sensitive 

receptor (Cu is pH dependent). 
Cu DoE 80 to 200 

Zn DoE 200 

Benzo(a)pyrene C4SL 5  

Naphthalene C4SL 12  

GRO C4SL 45 

Conservative value based on value for aromatic fraction 

C7 to C8 range, but assuming indoor inhalation pathway 

still relevant (it shouldn’t be). 

DRO C4SL 219 

Conservative value based on value for aliphatic fraction 

C10 to C12 range, but assuming indoor inhalation 

pathway still relevant (it shouldn’t be). 

LRO C4SL 1,000 

Calculated value above hazardous waste screen in 

WM3, there 1,000mg/kg adopted.  This may be reviewed 

on a site specific basis depending on the source and 

nature of transfer. 

2 VALIDATION REPORTS 

2.1 The analytical testing will usually be undertaken on a 3 or 5-day turnaround and the 

Client/Contractor will be notified of the soil’s suitability (or otherwise) immediately after 

receipt of the results.  

2.2 Interim plot validation certificates should be issued to warranty providers on a plot by plot 

(or block by block) basis as development proceeds.  Once the full development has been 

completed these should be pulled together into a final verification report, for submission to 

the Local Authority to satisfy planning conditions. 
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Generic notes – Contamination   Page 1 of 4 

Soil screening values used by Lithos 

In March 2002 DEFRA and the Environment Agency published a series of technical papers (R&D Publications CLR 7, 8, 9 and 10) outlining the UK 

approach to the assessment of risk to human health from land contamination.  In 2008 CLR 7, 9 and 10 and all corresponding SGV and Tox 

reports were withdrawn and superseded by new guidance including: 

• Guidance on Comparing Soil Contamination Data with a Critical Concentration - CL:AIRE and CIEH, May 2008 

• Evaluation of models for predicting plant uptake of chemicals from soil - Science Report – SC050021/SR 

• Human health toxicological assessment of contaminants in soil - Science Report: SC050021/SR2 

• Updated technical background to the CLEA model - Science Report: SC050021/SR3 

• CLEA Software Handbook (Version 1.071), Science report: SC050021/SR4 

• Compilation of data for priority organic pollutants for derivation of Soil Guideline Values - Science Report: SC050021/SR7 

The approach set out in these documents represents current scientific knowledge and thinking; and includes the Contaminated Land Exposure 

Model (CLEAv1.06).  The Environment Agency are in the process of using this updated approach to regenerate a selection of Soi l Guideline 

Values (SGVs). 

CLEA SGVs were derived for standard land use scenarios predominantly in the context of Part IIA, using a conceptual site model (CSM) defined 

in SR3.  Lithos have incorporated amendments to the CSM used to derive SGVs, that more accurately reflect redevelopment within the planning 

regime; consequently, Lithos have not adopted any published SGV as a screening value.  

The CLEA conceptual site model assumes a source located in a sandy loam, with 6% soil organic matter (SOM) - equivalent to 3.5% total organic 

carbon (TOC).  However, where the average TOC value for a particular soil type is significantly lower than the 3.5%, evaluation of Lithos Screening 

Values should be undertaken and a site specific risk assessment will usually be required.  Other CLEA default characteristics  adopted by Lithos 

are: 

Sandy Loam characteristics (source) Default values adopted 

Total porosity (fraction) 0.53 

Water filled porosity (fraction) 0.33 

Air filled porosity (fraction) 0.2 

Lithos have derived Screening Values for four different CSMs (scenarios); these are:  

A - Residential with gardens, but no cover (or only up to 300mm) 

B - Residential with gardens and 600mm ‘clean’ cover 

C - Residential apartments with landscaping (i.e. no home grown produce) 

D - Commercial/industrial with landscaping 

E – Importation of soil cover 

The exposure pathways considered for each scenario are detailed in the table below.   

Scenario Land use Pathways Justification 

A 

Residential with garden, 

but no cover (or only up 

to 300mm) 

• Direct ingestion of soil 

• Dermal contact 

• Consumption of vegetables & soil attached to vegetables 

• Inhalation of indoor vapours and dust 

• Inhalation of outdoor vapours and dust 

Minimal cover – insufficient to break any pathways 

therefore all exposure pathways are relevant. 

B 
Residential with garden 

minimum 600mm cover 

• Inhalation of indoor vapours 

• Inhalation of outdoor vapours 

The 600mm cover removes the risk from all 

pathways other than inhalation.  

C 

Residential apartments 

with landscaped areas 

and minimum 300mm 

cover 

• Direct ingestion of soil 

• Dermal contact 

• Inhalation of indoor vapours and dust 

• Inhalation of outdoor vapours and dust 

All pathways applicable due to possible exposure 

from landscaped areas.  However consumption of 

home grown produce not included as unlikely to be 

grown in landscaped areas.  Where vegetables are 

to be grown site specific QRA may be required. 

D 

Commercial/ industrial 

with landscaped areas 

no cover 

• Direct ingestion of soil 

• Dermal contact 

• Inhalation of indoor vapours and dust 

• Inhalation of outdoor vapours and dust 

All pathways applicable due to possible exposure 

from landscaped areas.   Assumed the commercial 

development consists of offices to provide a 

conservative assessment.  

E 

Importation of soil for 

cover in garden and 

landscaped areas 

• Direct ingestion of soil 

• Dermal contact 

• Consumption of vegetables & soil attached to vegetables 

• Inhalation of outdoor vapours and dust 

Material used as cover to break existing pathways 

therefore all direct and indirect pathways relevant; 

however cover is not placed below plots therefore 

indoor inhalation is not relevant. 

Lithos have assumed the source of contamination is directly below the building foundations; i.e. a depth to source of 0.15m as opposed to the 

CLEA default of 0.65m.  This assumption provides for a more conservative approach than the UK default.  This adjustment has been included to 

account for sites where made ground is re-engineered to enable new buildings to be established on raft foundations.  In such situations 

contamination may lie directly beneath the foundation.  

The Soil Screening Values referred to in this document are not intended to be used when considering potential risks associated with: 

• Existing land uses in the context of Part IIA of the Environment Protection Act 1990;  

• End uses such as allotments, sports fields, children’s playgrounds, care homes, hospitals etc; and   

• Controlled waters 

In December 2013 Defra published the results of research project SP1010 – Development of Category 4 Screening Levels (C4SLs) for Assessment 

of Land Affected by Contamination.   The objective of this project was provide technical guidance in support of Defra’s revised Statutory 

Guidance for Part 2A of the Environmental Protection Act 1990 (Part 2A).  The revised Statutory Guidance, published in April 2012, introduced a 

new four-category system for classifying land under Part 2A where Category 1 includes land where the level of risk is clearly unacceptable, and 

Category 4 includes land where the level of risk posed is acceptably low. Project SP1010 aimed to deliver:  

• A methodology for deriving C4SLs for four generic land-uses comprising residential, commercial, allotments and public open space; and  

• Demonstration of the methodology, via derivation of C4SLs for 6 substances – arsenic, cadmium, chromium IV, lead, benzene & 

benzo(a)pyrene.  
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The methodology for deriving both the previous Soil Guideline Values and the new Category 4 Screening Levels is based on the Environment 

Agency’s Contaminated Land Exposure Assessment (CLEA) methodology.  Development of C4SLs has been achieved by modifying the 

toxicological and\or exposure parameters used within CLEA (while maintaining current exposure parameters). 

The Part 2A Statutory Guidance was developed on the basis that C4SLs could be used under the planning regime.  However, policy responsibility 

for the National Planning Policy Framework falls to the Department for Communities and Local Government.  Defra anticipate that, where they 

exist, C4SLs will be used as generic screening criteria, and Lithos consider C4SLs to be suitable for use as Tier 1 Screening Values.  Lithos have 

discussed this matter with both NHBC and YALPAG (collection of Yorkshire & Lincolnshire local authorities) and received confirmation that they 

are satisfied with this approach.  

With respect to inorganic determinands, Lithos derived Tier 1 values for the five Scenarios A to E are presented below: 

Inorganic 

contaminant 

Tier 1 assessment criteria (mg/kg) for Scenarios A to E 

Comments/notes 
SGV* C4SL* A B C D E 

As 32 37 37 

Use (A) in SI Report for 

initial “screen” 

 

If >5 x A, then consider 

increase of cover to 

1,000mm 

40 640 37 C4SL adopted 

Cd 10 26 26 149 410 26 C4SL adopted 

Cr   3,000 3,000 30,000 3,000 Assumes Cr is CrIII   

Pb 450 200 200 310 2,330 200 C4SL adopted 

Ni 130  127 127 1,700 127 Assessment of health risk only 

Se 350  350 595 13,000 434  

Hg 170  169 238 3,640 199 Assumes in an inorganic compound 

B   5 5 5 5 

Based on phytotoxic risks as plants are the more 

sensitive receptor (Cu is pH dependant) 
Cu   80-200 80-200 80-200 80-200 

Zn   200 200 200 200 

With respect to organic determinands, Lithos derived Tier 1 values for the five Scenarios A to E are presented below: 

Organic contaminant 

(all sourced via CLEA) 

Tier 1 assessment criteria (mg/kg) for Scenarios A to E 

Comments/notes 
SGV* C4SL* A B C D E 

Benzene 0.33 0.87 0.9 0.9 3.3 98 N/A C4SL adopted 

Toluene 610  600 3,000 2,700 5,000 N/A 

Calculated value over 10,000 
Ethyl Benzene 350  350 932 843 5,000 N/A 

Xylenes 240  246 327 321 5,000 N/A 

Phenol 420  412 2,400 519 5,000 N/A 

PCBs   2 8 2 38 N/A Based on toxicity of EC7 

Benzo(a)pyrene  5 5 25 5.3 76 5 
C4SL adopted.  Where source is not a coal 

tar 

Naphthalene   8 9 9 1,000 12  

Gasoline Range Organics   30 34 34 5,000 45 

See 3-step assessment of TPH below Diesel Range Organics   151 156 154 5,000 219 

Lubricating Range Org   1,000 5,000 2,000 5,000 1,000 

*  For a residential end use 

The significance of PAHs can be determined by considering indicator compounds. In most cases benzo(a)pyrene (BaP) is adopted as an 

indicator due to the amount of toxicological data available and has been used by various authoritative bodies to assess the carcinogenic risk 

of PAHs in food.  A surrogate marker approach can be used to estimate the toxicity of a mixture of PAHs in soil using toxicity data for individual 

indicator compounds within that mixture. Exposure to the surrogate marker is assumed to represent exposure to all PAHs in that matrix.  The 

surrogate marker approach relies on a number of assumptions:  

• Surrogate marker (bap) must be present in all soil samples  

• Profile of the different PAH relative to bap should be similar in all samples  

• PAH profile in the soil samples should be similar to that used in the pivotal toxicity study1 

To assess the PAH profile in a soil sample, the ratio of the seven genotoxic PAHs (benz[a]anthracene, benzo[b]fluoranthene, 

benzo[k]fluoranthene, benzo[g,h,i]perylene, chrysene, dibenz[a,h]anthracene and indeno[1,2,3-c,d]pyrene), relative to BaP, should be 

calculated. The ratio relative to BaP should lie within an order of magnitude above and below the mean ratio to BaP. 

Naphthalene should also be considered separately against its generic screen.  Whilst classed as a PAH, naphthalene is more volatile and mobile 

in the environment than most other PAHs.  As such the significance of naphthalene cannot be considered within the surrogate marker approach. 

Similarly, TPH cannot be assessed as a single “total” value, and reference has been made to the Environment Agency’s document P5-080/TR3, 

“The UK approach for evaluating human health risks from petroleum hydrocarbons in soils”.  This document supports the assumpt ions and 

recommendations made by the US Total Petroleum Hydrocarbons Criteria Working Group (TPHCWG).  The TPHCWG have broken down “TPH” 

into representative constituent fractions or “EC Bandings”.  The TPHCWG have derived a series of physiochemical and toxicolog ical parameters 

for each of the bandings.   

  

 
1 SP1010 Appendix E, Provisional C4Sls for benzo(a)pyrene as a surrogate marker for PAHs, CL:AIRE 2013 
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The significance of speciated TPH results can be assessed by following the 3 steps outlined in the tables below.   

Step Result Action 

1. Consider indicator compounds:  Are BTEX, naphthalene, benzo(a)pyrene above their respective 

Tier 1 values? 

Yes Remediation or dQRA required 

No Proceed to Step 2                                                  

2. Consider individual TPH fractions: are they above respective screening values? 
Yes Remediation or dQRA required 

No Proceed to Step 3 

3. Assess Cumulative effects:  Is the calculated Hazard Index for each source >1 
Yes Remediation or dQRA required 

No TPH compounds pose no significant risk 

Step 1 - Assessing indicator compounds 

TPH fraction 

Indicator 

compound 

End use specific screening value (mg/kg) 

A: Residential no cover B: Residential with 600mm cover C: Residential no gardens D: Commercial\ industrial 

Benzene 0.9 0.9 3.3 98 

Toluene 600 3,000 2,700 5,000 

Ethyl Benzene 350 932 843 5,000 

Xylenes 246 327 321 5,000 

Naphthalene 8 9 9 1,000 

Benzo(a)pyrene 5 25 5.3 76 

Step 2 - Assessing individual TPH fractions  

TPH fraction 

End use specific screening value (mg/kg) 

A: Residential no cover 
B: Residential with 600mm 

cover 

C: Residential with no 

gardens 
D: Commercial/ industrial 

Aliphatic 5-6 GRO 41 41 42 

5,000^ per fraction 

Aliphatic 6-8 GRO 125 125 125 

Aliphatic 8-10 GRO 31 31 32 

Aliphatic 10-12 DRO 151 156 154 

Aliphatic 12-16 DRO 500^ 500^ 500^ 

Aliphatic 16-21 DRO 1,000^ 5,000# 1,000^ 

Aliphatic 21-35 LRO 1,000^ 5,000# 1,000^ 

Aromatic 5-7 GRO 100 123 122 

Aromatic 7-8 GRO 30 34 34 

Aromatic 8-10 GRO 47 50 50 

Aromatic 10-12 DRO 215 287 266 

Aromatic 12-16 DRO 689 1,000* 1,000* 

Aromatic 16-21 DRO 1,000^ 5,000# 1,000^ 

Aromatic 21-35 LRO 1,000^ 5,000# 1,000^ 

* Calculated Screening Value exceeded soil saturation limit and could indicate free product, therefore calculated soil saturation limit adopted as a target 

^ Calculated Screening Value close to soil saturation limit, screening value selected by Lithos considering visual and olfactory impacts. 

# Five times the screening value for Scenario A.  

Step 3 - Assessing Cumulative Effects 

  
Other screening values used by Lithos  

Tier 1 risk assessment of hazardous gas is undertaken through reference to the following documents (and further information is presented in 

Generic Note No. 5 – Hazardous Gas): 

• Approved Document C, Building Regulations 2000 

• Boyle & Witherington (2007) – Guidance on evaluation on development proposals on sites where methane and carbon dioxide are present, 

incorporating “traffic lights”.  Report Ref. 10627-R01-(02), for NHBC 

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

• BS 8485:2015 – Code of Practice for the characterisation & remediation from ground gas in affected developments 

With respect to the assessment of potential phytotoxic effects of contaminants, Lithos refer to “The Soil Code” (MAFF, 1998) for copper and zinc.  

The CLEA SGV is adopted for nickel due to its human health effects. 

The potential risk to building materials is considered through reference to relevant BRE Digests, with particular emphasis on BRE Special Digest 1, 

‘Concrete in aggressive ground’, 2005. 

With respect to the interpretation of the calorific values, at present there are no accepted methods to assess whether a sample is combustible 

and under what circumstances it might smoulder.  Some guidance is given in ICRCL Note 61/84 “Notes on the fire hazards of contaminated 

land” which states that: “In general … it seems likely that materials whose CV’s exceed 10MJ/kg are almost certainly combustible, while those 

with values below 2MJ/kg are unlikely to burn”. 
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Tier 1 groundwater risk assessments are undertaken by comparing leachate or groundwater concentrations with the appropriate water quality 

standard.  Tier 1 Screening Values have been discussed with the Environment Agency, and typically those in bold below are adopted. 

Analyte 

Source of Tier 1 Screening Value (g/l) 

Surface water (Abstraction for 

Drinking) 1996 
Water Supply Regulations 2000 Water Framework Directive EA Advice 

Arsenic 50 10 50  

Selenium 10 10   

Cadmium 5 5 1.5  

Chromium 50 50 32  

Copper 50 2,000 28  

Lead 50 10 7.2  

Nickel  20 20  

Zinc 3,000  125  

Boron  1,000   

Mercury 1 1 0.07  

Petroleum Hydrocarbons     10 

1,1,1-Trichloroethane   100  

1,1 Dichloroethane    100 

1,2-Dichloroethane  3 10  

1,1-Dichloroethene    100 

Benzene  1 10  

Ethylbenzene    10 

Tetrachloroethene   10 10  

Toluene    50  

Trichloroethene   10 10  

Vinyl Chloride   0.5   

Trichloromethane   2.5  

Xylenes   30  

Chloroethane    100 

Waste classification & WAC 

In the context of waste soils generated by remediation and\or groundworks activities on brownfield sites, the following definitions (from the 

Landfill Regulations 2002) apply: 

• Inert (e.g. uncontaminated ‘natural’ soil, bricks, concrete, tiles & ceramics) 

• Non-Hazardous (e.g. soil excavated from a contaminated site which contains dangerous substances, but at concentrations below 

prescribed thresholds) 

• Hazardous (e.g. soil excavated from a contaminated site which contains dangerous substances at concentrations above prescribed 

thresholds) 

Dangerous substances include compounds containing a variety of determinants commonly found in contaminated soils on brownfield sites, for 

example arsenic, lead, chromium, benzene etc. 

Landfill operators require Waste Acceptance Criteria (WAC) laboratory data, if soil waste is classified as hazardous, and such waste must have 

been subjected to pre-treatment.  However, subject to WAC testing it may be possible to classify it as stable, non-reactive hazardous waste, 

which can be placed within a dedicated cell within the non-hazardous landfill. 

Lithos typically only include WAC analysis in site investigation proposals and reports, if significant off-site disposal (of soil classified as hazardous 

waste) is anticipated, for example where redevelopment proposals include basement construction etc.  If off-site disposal of soils classified as 

hazardous waste during redevelopment is anticipated, then WAC analysis should be scheduled at an early stage in the remediation 

programme.  However, organic compounds (BTEX, TPH, PAH etc) are the most common contaminants that result in soils being classed as 

hazardous, and these contaminants can often be dealt with by alternative technologies (e.g. by bioremediation or stabilisation) and 

consequently retention on site is often possible. 

It should be noted that non-hazardous soil waste can go to a non-hazardous landfill facility; no further testing (e.g. WAC) is required.   
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FOREWORD (gas risk assessment report) 

This report has been prepared for the sole internal use and reliance of the Client named on page 1.  
This report shall not be relied upon or transferred to any other parties without the express written 
authorisation of Lithos Consulting Limited (Lithos); such authorisation not to be unreasonably withheld.  
If any unauthorised third party comes into possession of this report, they rely on it at their peril and the 
authors owe them no duty of care and skill.  

This report has been reviewed by a Competent Person, as defined in the National Planning Policy 
Framework.  We ensure that all projects are managed by individuals with necessary experience, 
relevant qualifications, and current membership of a relevant professional organisation.  Records of 
engineers, project managers and reviewers involved in this project are maintained by us.  Lithos 
QA/QC procedures for all our work forms an integral part of our ISO9001 accreditation and as such 
is regularly audited. 

The report presents observations and factual data obtained during our site investigation, and 
provides an assessment of gas risk with respect to information provided by the Client regarding the 
proposed development.  Further advice should be sought from Lithos prior to significant revision of 
the development proposals.  

The report should be read in its entirety, including all associated drawings and appendices.  Lithos 
cannot be held responsible for any misinterpretations arising from the use of extracts that are taken 
out of context.  However, it should be noted that in order to keep the number of sheets of paper in 
the hard copy to a minimum, some information (e.g. laboratory test certificates) is only included 
within the “electronic”, PDF Report on the accompanying CD.  

The findings and opinions conveyed in this report (including review of any third party reports) are 
based on information obtained from a variety of sources as detailed within this report, and which 
Lithos believes are reliable.  Reasonable care and skill has been applied in examining the information 
obtained.  Nevertheless, Lithos cannot and does not guarantee the authenticity or reliability of the 
information it has relied upon. 

The report represents the findings and opinions of experienced geo-environmental consultants.  
Lithos does not provide legal advice and the advice of lawyers may also be required. 

This report assumes that ground levels will not change significantly from those existing at present and 
that houses will be of two storey construction.  If this is not to be the case, then some modification to 
this report may be required. 

Lithos cannot be responsible for the consequences of changing practices, revisions to waste 
management legislation etc that may affect the viability of proposed remedial options. 

Lithos reserve the right to amend their conclusions and recommendations in the light of further 
information that may become available. 
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LITHOS CONSULTING LTD – HAZARDOUS GAS RISK ASSESSMENT  
of land at 

WESTGATE, CLECKHEATON 

1 INTRODUCTION  

1.1 The commission and brief 

1.1.1 Lithos Consulting Limited (Lithos), have been commissioned by Strata Homes Ltd to assess 
risks associated soil-gas conditions beneath land off Westgate, Cleckheaton. 

1.1.2 Lithos have already issued the following reports: 

• Geoenvironmental Appraisal of land at Westgate, Cleckheaton.  Report 3043/2b, 
dated November 2020. 

• Detailed Quantitative Risk Assessment for land at Westgate, Cleckheaton. Report No. 
3043/3, dated December 2020 

• Remediation Strategy for land at Westgate, Cleckheaton.  Report No. 3043/4, dated 
March 2021. 

1.1.3 This document reviews soil-gas conditions, assesses risks and details any mitigation measures 
required to render the site suitable for the proposed development.   

1.1.4 This gas risk assessment has been prepared based on the data collected by Lithos over a 7-
month period during which time 9 separate soil-gas monitoring visits have been undertaken. 
Lithos also undertook vapour monitoring during 2 visits using a PID. 

1.1.5 Historic monitoring data was collected by AIG (6 visits over 2 months in 1999) and Encia (2 
visits over 2 months in 2004) but this has not been referenced in this assessment since data 
was only collected across a short monitoring period and would not reflect possible pressure 
changes, also the data is over 15years old and may not adequately reflect current site 
conditions.   

1.1.6 This gas risk assessment has been undertaken in general accordance with current UK 
guidance, most notably CIRIA Report C665 (2006): Assessing risks posed by hazardous 
ground gases to buildings, and BS8485:2015+A1:2019 – Code of Practice for the 
characterisation & remediation from ground gas in affected developments. 

1.2 The proposed development 

1.2.1 The proposed development comprises a total of 200 ‘traditional’ two/three storey domestic 
dwellings with associated gardens and adoptable roads and sewers, as shown on Strata’s 
Drawing 18-CL2-SEGB-WE-01 Rev L (a copy of which is presented in Appendix B). 

1.2.2 Piled foundations are likely to be required for the majority of two and three storey dwellings 
constructed on site (c. 60%), largely due to deep made ground and soft Alluvial deposits.  
However, where made ground is less than 2.5m thick (c. 40% of the total site area) and 
where underlying natural soils comprise weathered Coal Measures (not Alluvium), houses 
could be founded on shallow strip or deepened trench fill foundations.  

1.2.3 Consequently, the gas regime has been characterised in accordance with the Situation B 
(NHBC Traffic Lights) methodology outlined in CIRIA Report C665. 

1.2.4 Access to the development will be from Westgate in the north. 

1.2.5 It is understood that a planning submission has not yet been made.  However, this report has 
been produced to support any future application. 
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2 BACKGROUND 

2.1 General 

2.1.1 In order to accurately quantify perceived risks associated with the gas hazard at this site it is 
necessary to have a full understanding of the soil-gas regime present.  This requires 
consideration of the site’s environmental setting and ground conditions encountered; these 
were described in Lithos’ Report No. 3043/2b, dated November 2020.   

2.1.2 However, for ease of reference a summary of the pertinent details, in relation to 
understanding the soil-gas regime, is provided in the following sections. 

2.2 Site description 

2.2.1 Site details are summarised below. 

Detail Remarks 

Location 1km west of Cleckheaton town centre 

NGR SE 184 250 

Area 6.5 ha (16 acres)  

Known services Underground electric, water, BT, sewer and gas. 

2.2.2 A location plan and current salient features are shown on Drawings 3043/1 and 3043/3 in 
Appendix B.   

2.2.3 The site can be considered as four distinct areas; each area is shown on Drawing 3043/3.  
Areas are based on former land uses which still dominate the current site features.  The areas 
are as follows: 

• Area A (1.1 ha) – former chemical works in the north-west 
• Area B (1.7 ha) – former rolling mill in the south & south-west; reservoir in north-west 
• Area C (2.0 ha) – former Scrap Yard, Malthouse, Brickworks and Quarry in the east 
• Area D (1.6 ha) – industrial area in the centre-north 

2.3 Environmental setting 

2.3.1 Search responses received from the Coal Authority, Landmark, Kirklees MBC, the BGS and 
the Environment Agency have been referred to in order to assess the site’s environmental 
setting, which is summarised below.   

Issue Summary 

Geology Drift – None recorded. 
Solid – Clifton Rock (Sandstone). 
Shallowest coal seam – 32 Yard coal at about 20m depth. 
Faults – none shown. 

Mining This site is located within a Coal Mining Development Low Risk Area. 
Past and present workings – present 100m south of site.   
Opencast – none recorded. 
Mine entries – nearest is 25m southeast of site, 

Quarrying Numerous disused quarries on site, predominantly to the south east associated with the 
former Brickworks.  Smaller quarries recorded in the centre and north west. 

Radon The site lies in an area where 1-3% of homes are estimated to be above the action level. 
Therefore, no measures required. 

Landfills Historic landfill 280m east.  Francis W Birkett and Sons Limited inert waste input from 1984 to 
1990. 
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2.3.2 The Environment Agency do not hold any records of known areas of landfill in, or within 250m 
of, the site’s boundary. 

2.3.3 However, information provided by Kirklees MBC to Encia in 2004 (further expanded in Lithos 
report 3043/2b) suggests that a refuse tip is located immediately beyond the southern 
boundary, although this is not shown on historical maps, BGS maps or EA records.  The tip is 
believed to pre-date 1980 and has been monitored for hazardous ground gasses by Kirklees 
MBC (no significant gasses recorded).  Based on topography the refuse tip is likely to be a 
land ‘raise’ rather than a land ‘fill’; i.e. material has been placed on top of existing levels 
rather than being placed into a hollow such as a disused quarry.  

2.4 Ground conditions 

2.4.1 Ground conditions, particularly elements relevant to gas issues, i.e. Putrescible/organic 
deposits are summarised below. 

Made Ground 

2.4.2 Made Ground has been encountered across Area A to depths of between 1.3m (TP436) 
and 10.7m (BH501).  The made ground generally comprises granular and cohesive made 
ground, with some burnt shale, brickfill and filter sands.   

2.4.3 Made Ground has been encountered across Area B to between 0.4m (TT428) and greater 
than 3.5m (TP524).  The made ground generally comprises granular and cohesive made 
ground, with some ash & clinker and brickfill.   

2.4.4 Made Ground has been encountered in Area C to between 0.8m (TP404) and 12.0m (BH504) 
and generally comprises granular made ground with ash & clinker. 

2.4.5 Made Ground has been encountered across Area D to between 0.6m (TP517) and 9.0m 
(BH506).  The made ground generally comprises granular and cohesive made ground, with 
some ash & clinker and brickfill. 

2.4.6 Approximate depths of made ground is shown on Drawing 3043/10 in Appendix A. 

Reservoir 

2.4.7 According to historical OS plans, a former reservoir occupied an area of c. 1,000m2, in the 
north-west of Area B.  Anecdotal evidence suggests that the reservoir was associated with 
the chemical works rather than the former mills. 

2.4.8 A total of 7 trial pits and one trial trench were advanced within and adjacent to the 
backfilled reservoir.   

2.4.9 Major inflows of groundwater prevented deep trenching in the reservoir.  Similarly, inflows of 
groundwater prevented the base and all extents of the reservoir being identified.  However, 
3rd party holes advanced by AIG suggest the reservoir extends to depths of up to around 
4m in its centre. 

Natural ground 

2.4.10 Natural ground was encountered in most exploratory locations across the site and generally 
comprised Cohesive and Granular Residual Soils (weathered bedrock).   

2.4.11 Competent Coal Measures bedrock was recorded below residual soils in all areas, 
comprising Sandstone and Mudstone.   

2.4.12 Whilst not mapped, evidence of Alluvial drift deposits was recorded in the south adjacent 
to Blacup Beck.    
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Groundwater 

2.4.13 Groundwater was encountered within the majority of exploratory holes excavated across 
Areas D & B as seepages and inflows from around 2.0m; most notably in the south (Area B).   

2.4.14 Excavations in Areas A & C generally remained drier, with groundwater ingress comprising 
relatively minor seepages where encountered. 

2.4.15 Based on groundwater monitoring, levels fluctuate across the entire site from 96mAOD to 
101mAOD.   

2.4.16 Historic monitoring of installations sealed in the Clifton Rock Sandstone, indicated a 
groundwater level of c. 90mAOD. 

2.4.17 Two discrete water tables are considered likely within the Coal Measures (GW1 & GW2).   

2.4.18 Whilst the geological map indicates the entire site is directly underlain by the Clifton Rock 
Sandstone, exploratory logs suggest that relatively thin Sandstone bands are separated by 
Mudstone.  The low permeable Mudstone can lead to groundwater from unconnected 
Sandstone bands resting at different levels.  Where deep backfill lies below the top of the 
Coal Measures, following quarrying, groundwater is recorded within the made ground. 

2.4.19 A third possible groundwater table was recorded in BHs 507, 508 & 509 adjacent to Blacup 
Beck.  In all cases groundwater appears to be flowing to the south with topography. 

Contamination 

2.4.20 An assessment of potential contaminants associated with the former uses has been 
undertaken, and anticipated potential contaminants, within soil and/or groundwater 
include: 

• Areas A & B – volatile and semi volatile organics, chlorinated solvents, acids, coal tar 
constituents, cyanide, metals (particularly lead), asbestos and petroleum products 

• Area C – metals, PAH, petroleum products (predominantly lubricating oils), asbestos, 
combustible Ash & Clinker 

• Area D – metals, PAH, petroleum products, asbestos 

2.4.21 Targeted sampling of made ground and groundwater has confirmed the presence of: 
metals (predominantly arsenic, lead and zinc); localised areas of petroleum products; 
possible tars and associated indictor compounds; as well as benzene, naphthalene and 
phenol. 

2.4.22 Concentrations of volatile and semi-volatile organic compounds were also recorded, 
predominantly in Area A, although in most cases these may be attributed to leaching from 
coal tar.  These included low levels of trimethylbenzene, tert-butylbenzene, 
methylnaphthalene, dibenzofuran & carbazole. 

Potential sources of gas 

2.4.23 There is deep made ground across much of the site and an area of landfill is located just 
beyond the southern boundary. 

2.4.24 There is also the potential for organic contamination (identified in: Area A; the reservoir in 
Area B; and the former scrap yard in Area C) to degrade.  Degradation of organic 
contamination can result in release of carbon dioxide, or in some cases methane (in 
anaerobic conditions). 

2.4.25 Relatively low concentrations of organic vapours have been identified locally in Area A 
(PH515 recorded a max value of 17ppm). 
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2.4.26 Earthworks regrade will provide an opportunity to identify and remediate organic 
contamination that could result in a vapour risk and reduce the degradable fraction of 
made ground during turnover.   

2.4.27 Remediation of organic contamination and reduction in the percentage of degradable 
fraction in made ground during remediation has been considered within this risk assessment, 
in line with the recommendations set out in the Remediation Strategy.  

2.4.28 Potential sources of gas are summarised below. 

Source Present? Remarks 

Known landfills  Off site and to the south, unlikely to present a gas source to the 
development site see Section 2.3.3 

Other areas of 
filled ground, 
e.g. backfilled 
quarries & deep 
made ground 
beneath site 

 

Deep made ground from backfilled quarries over most areas, including 
deep made ground in the former chemical works (Area A).   
All made ground could contain degradable matter and organic 
contamination; both will be addressed to some extent during remediation 
and development earthworks  

Peat/organic-
rich sediments 

 
Potentially in the backfilled reservoir in Area B.  However, the reservoir will 
need to be excavated and infilled with clean inert material during 
remediation.  

Shallow 
mineworkings 

 None that present a gas risk to the proposed development 

Radon  No, the site lies in an area where 1 to 3% of homes may be affected by 
Radon.  No specific measures required. 

2.4.29 A conceptual site model and cross sections were developed to support the Remediation 
Strategy, presented as Drawings 3043/7 & 3043/14 in Appendix A of Lithos Report 3043/4. 

2.5 Initial gas risk assessment (summary) 

2.5.1 Consideration of the conceptual site model and potential linkages enables preliminary 
qualitative assessment of risks associated with gas:-   

Source Receptors Hazard Pathway Initial risk 

On-site made 
ground 

Human health  Asphyxiation & 
explosion Vertical migration, 

ingress & 
accumulation 

Moderate: made ground highly 
variable and in some areas likely 
to include degradable matter 
and organic contamination. Buildings Explosion 

Off-site landfill 
(refuse tip to 
the south) 

Human health  Asphyxiation & 
explosion Lateral migration, 

ingress & 
accumulation 

Low: previous monitoring by 
Kirklees LA did not record any 
gas and landfill is on the opposite 
side of a valley, below ground 
migration of gas is highly unlikely.  

Buildings Explosion 

Shallow 
mineworkings  

Human health  Asphyxiation & 
explosion 

Vertical migration, 
ingress & 
accumulation 

Low: no recorded shallow 
mineworking’s in the area 

Buildings Explosion 

2.5.2 The generation potential of the gas source (degradable matter in made ground) was initially 
considered to be Low, although it was acknowledged that monitoring could be influenced 
by organic contamination.  However, in accordance with CIRIA Report C665, given the 
proposed residential end use, 9 visits have been scheduled over a 6-month period, between 
October 2020 and April 2021.   
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3 GAS MONITORING 

3.1 Scope of works 

3.1.1 As part of the Geoenvironmental Appraisal carried out by Lithos, gas monitoring wells were 
installed in BHs 501 to BH509 and PHs 501, 502, 505 to 520 across all four areas of the site.  

3.1.2 A standard procedure was followed, in accordance with CIRIA guidance: 

• Ambient oxygen concentration  
• Atmospheric temperature & pressure  
• Methane, oxygen and carbon dioxide concentrations and flow rates using a Gas Data 

GFM436 infra-red gas analyser 
• Standing water level using a dipmeter 
• Ambient oxygen concentration (check for instrument drift) 

3.2 Monitoring results 

3.2.1 The monitoring results are presented in Appendix C and summarised below: 

Well Response zone 

Range of 
methane 

concentrations 
(% v/v) 

Range of carbon 
dioxide 

concentrations 
(% v/v) 

Range of 
steady flow 

rates 
(litre/hour) 

Area A 

BH501 4.0m – 10.0m (various made ground). ND 0.2 – 9.4 ND 

PH515 3.0m – 9.0m (Coal Measures Sandstone & Mudstone). 0.6 - 2.0 5.1 – 23.9 ND – 41.2 

PH516 3.0m – 6.0m (Granular Made Ground). ND 0.9 – 4.7 ND 

PH517 1.5m – 4.5m (Granular Made Ground). ND 1.6 – 7.3 ND 

PH518 4.5m – 7.5m (Coal Measures Sandstone). ND 1.1 - 9.9 ND – 0.1 

PH519 1.2m – 2.7m (Granular Made Ground). ND 0.1 - 14.8 ND – 0.1 

PH520 4.5m – 7.5m (Coal Measures Sandstone). ND 1.1 – 3.6 ND – 0.1 

Area B 

BH507 1.5m – 3.0m (Granular Made Ground). NR NR – 2.2 NR – 0.1 

BH508 2.2m – 2.8m (Cohesive Alluvium). ND 0.7 – 3.3 ND 

BH509 1.5m – 3.0m (Cohesive Alluvium). ND ND – 1.1 ND – 0.1 

Area C 

BH505 2.8m – 8.6m (Ash & Clinker). ND 0.4 – 5.1 ND 

PH501 6.0m – 9.0m (Coal Measures Sandstone). ND 0.1 – 2.2 ND – 0.1 

PH502 2.5m – 5.5m (Cohesive Made Ground). NR NR NR 

PH505 3.0m – 6.0m (Ash & Clinker). ND 0.1 - 16 ND 

PH506 3.0m – 6.0m (Cohesive Made Ground). ND 0.4 – 9.8 ND 

PH507 3.0m – 6.0m (Ash & Clinker). ND 0.2 – 4.6 ND 

PH508 2.0m – 6.0m (Ash & Clinker) NR NR NR 

PH509 2.0m – 6.0m (Ash & Clinker) ND 0.6 – 4.5 ND 

PH510 3.0m – 6.0m (Cohesive Made Ground). ND 1.9 - 3.1 ND 

PH511 3.0m – 6.0m (Ash & Clinker). ND 2.9 - 10.4 ND 

Area D 

BH506 3.0m – 9.0m (Cohesive Made Ground). ND 0.1 – 1.7 ND 

PH512 1.5m – 4.5m (Granular Made Ground). ND 0.2 – 2.3 ND – 0.1 

PH513 3.0m – 9.0m (Coal Measures Sandstone). ND 1.0 – 5.5 ND – 0.1 

PH514 3.0m – 6.0m (Granular Made Ground). ND 3.1 – 4.6 ND 



Hazardous Gas Risk Assessment 
Westgate, Cleckheaton 
Report No 3043/5 

 

 

 

 7 

Note:  boreholes in blue have not been successfully monitored on all occasions due to vandalism making 
monitoring impossible.  During visits Lithos has worked to repair monitoring wells where reasonably practical. 
Atmospheric pressures varied between 1030mb and 988mb 

3.2.2 During 4 of the 9 monitoring visits, atmospheric pressure was falling, including 2 where the 
pressure was below 1000mb. 

4 SOIL-GAS REGIME 
4.1.1 Monitoring results show that the highest concentrations of carbon dioxide were identified in 

Area A, the former chemical works.   

4.1.2 Methane was only recorded in one location and again this was associated with Area A, as 
was the highest sustained ground gas flow.  Indeed, the maximum carbon dioxide, methane 
and flow were all recorded in PH515 in Area A.  This is the same borehole that recorded 
elevated volatile vapours during PID monitoring and elevated VOCs in soils and 
groundwater. 

4.1.3 Concentrations of carbon dioxide, above the Green threshold of 5%v/v, were recorded in 
Area C (backfield quarries and former scrap yard) and in PH506 & PH511, in both cases 
associated with made ground.  

5 RISK ASSESSMENT 

5.1 Adequacy of data  

5.1.1 Generic Notes (01 Site Characterisation) outlining how monitoring results are interpreted in 
order to characterise the soil-gas regime are presented in Appendix A.   

5.1.2 Before undertaking the gas risk assessment for this site, Lithos have considered the following 
questions (in line with Chapter 8 of CIRIA Report 665): 

Question Answer 

Is the data reliable?  (e.g. appropriate response zones, presence of high groundwater 
table, interference from hydrocarbons) 

Yes (Area B, C & D) 
No (Area A) 

Has monitoring been carried out under varying conditions likely to influence the gas 
regime?  (e.g. falling/low atmospheric pressure; immediately after heavy rainfall; 
frozen or flooded ground etc) 

Yes  

Are the results consistent/representative? Yes  

Can the gas source(s) be identified?  Yes   

Can the extent of the source(s) be established? Yes   

5.1.3 Data from Area A is heavily influenced by organic contamination and as such this data has 
not been adopted in the gas risk assessment as it is not adequately reflective of the 
conditions across the wider site. 

5.2 Assessment parameters  

5.2.1 In order to facilitate design and in accordance with the DETR approach, a default value of 
0.1 litres/hour (i.e. the limit of detection of the flow rate equipment) has been used in this 
gas assessment in the absence of any higher recorded flows in Areas B, C & D.   

5.2.2 Elevated concentrations of carbon dioxide, above the Green threshold of 5%v/v were 
recorded in Area C (backfilled quarry).  Since it is plausible that made ground from Areas B, 
C or D could be relocated anywhere during remediation earthworks, these high 
concentrations have been used in the main site assessment.  
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5.3 Site classification (Areas B, C & D) 

5.3.1 Calculations have been carried out for carbon dioxide (methane was only identified in Area 
A associated with organic contamination, see Section 5.4 below) and the worst case 
adopted in order to establish the appropriate protection measures. 

5.3.2 The proposed development comprises low rise residential housing.  Consequently, the gas 
regime has been characterised in accordance with the Situation B (traffic light) 
methodology outlined in CIRIA Report C665.    

5.3.3 Based on worst-case gas concentrations and flows, the Gas Screening Value (GSV) for 
Carbon Dioxide is 0.016 (16 x 0.1/100).  This GSV equates to Green (traffic light) gas regime.   

5.3.4 However, elevated concentrations of carbon dioxide (between 5 and 16%), and depleted 
oxygen concentrations (less than 10%) have been recorded in 4 different wells during 7 of 
the 9 visits, and can therefore be considered as “Typical Maximum Concentrations”.  These 
concentrations suggest the site’s classification for Areas B, C & D should be raised to Amber 
1. 

5.3.5 This classification is based upon a model that makes the following assumptions: 

• New properties have a floor plan of 8.0m by 8.0m. 
• The property has a sub-floor void height of 150mm. 
• Ventilation of the sub-floor void results in a complete volume change every 24 hours.  

Assuming a conservative wind speed of 0.3m/s, this can be achieved via openings (e.g. 
in air bricks) providing not less than 1,500mm2 per metre run of external wall, in 
accordance with NHBC Standards Chapter 5.2. 

5.3.6 If the proposed development includes properties that differ significantly from this “model”, 
further advice should be sought from Lithos.  Whilst analysis suggests that sub-floor ventilation 
is not particularly sensitive to floor area, it is readily influenced by void height (and the use 
of a void former), and the open area\spacing of air bricks. 

5.3.7 If it can be demonstrated that vent rates enable a complete volume change in less than 24 
hours, then higher site-specific GSVs may be calculated, which in turn might enable a 
downgrading of the gas regime (traffic light). 
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6 PROTECTIVE MEASURES & IMPLICATIONS 

6.1 Protective measures  

6.1.1 Based on the site characterisation (Traffic Light) discussed above, the proposed foundation 
solution, and with reference to the gas protection “scoring” system outlined in 
BS8485:2015+A1:2019, Lithos consider that the following protective measures should be 
incorporated in new dwellings:  

Traffic light 
classificn and 
“score” req’d 
by BS8485# 

Floor slab 
(BS8485 “score”) 

Protective measures 

Sub-floor ventilation 
(BS8485 “score”) 

Membrane 

Type 
(BS8485 “score”) 

Areas B, C & D 
  

Amber 1 
 

3.5 

Select one from: 
 
i. Block & Beam – (0). 
ii. Reinforced ground 

bearing slab – (0.5). 
iii. Reinforced, cast in-

situ suspended slab 
(with minimal and 
suitably sealed 
service penetrations 
& joints) – (1.5). 

iv. Reinforced ground 
bearing raft (with 
limited service 
penetrations cast 
into slab).  Note: the 
venting area through 
any downstand 
beam should be 3 
times greater than 
that provided by the 
side ventilation (air 
bricks) – (1.5). 

Select one from: 
Passive sub-floor 
ventilation; venting 
layer could be: 
i. A min. 150mm clear 

void  (2.5), or  
ii. A proprietary void 

former providing an 
equivalent clear void 
depth of 60mm; see 
Section B7 in BS8485 
(2.5), or 

iii. Min. 300mm thick 
blanket of min. 
20mm single size 
gravel (1.0). 

 
Min. ventilation = 1,500 
mm2/m run of external 
wall (via air bricks on 
each of 2 opposite 
sides), with 100mm 
pipes at 1.75m centres 
or honeycombing of 
any sub-floor sleeper 
walls.   

Gas resistant membrane meeting all of the following 
criteria: 
• sufficiently impervious to gases with a methane 

gas transmission rate <40.0 ml/day/m2/atm 
(average) for sheet and joints (tested in 
accordance with BS ISO 15105-1 manometric 
method); 

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

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

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

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

• a minimum 0.4 mm thickness (1600g polyethylene) 
reinforced membrane (virgin polymer  

• verified in accordance with CIRIA C735∞  
  (2.0)   

Area A 
 

Amber 1 
 

3.5 

Hydrocarbon resistant membrane meeting  
• all of the criteria specified for Amber 1 (above)  
• including additional protection against organic 

hydrocarbon vapours  
Advice should be sought from membrane 
manufacturer based on SI data (2.0) 

Footnotes: 
# Scores are broadly based on those outlined in BS8485:2015+A1:2019 (for Characteristic Situations 2 & 3, and Building Type A).  

∞ In accordance with CIRIA C735, a Verification Plan should be prepared which outlines the activities (inspection and testing), 
the relevant personnel, and the type of records to be collected.  Gas membranes need to be visually inspected to establish 
possible damage. For Amber 2 sites inspection & verification should be carried out by an independent third party.  However, 
whilst conflicts of interest in verification should be avoided, the Developer’s staff on site could undertake inspection & 
verification on Amber 1 sites.  In all circumstances, the verifier should be competent, experienced and suitably trained. 

 Note NHBC guidance only requires membranes to be fitted by a specialist contractor, and be fully certified, on Amber 2 sites.  
However, BS8485 is considered to ‘outrank’ NHBC guidance, and it would be prudent to comply with this Standard and CIRIA 
C735.   Furthermore, (YALPAG) local authorities have issued guidance requiring a detailed verification method statement in 
advance of the construction phase. This should address how gas measures will be installed and what verification information 
will be provided to demonstrate that installation has been carried out in accordance with the appropriate guidance. 

1. A combination of two or more of the three types of protection measures (slab, ventilation & membrane) should be used to 
achieve the BS8485 score. 

2. The membrane should always be lapped and sealed in accordance with BRE\Environment Agency Report BR 414 (2001) – 
“Protective Measures for housing on gas-contaminated land”.  The membrane should be continuous across internal walls & the 
cavity, and there should be a cavity tray in external walls. 

3. In all cases there should be minimum penetration of floor slab by services; any penetrations should be suitably sealed. 
4. Integral garages with occupied rooms above, or direct access through a doorway from the garage to the house, should be 

provided with the same protective measures as the rest of the dwelling.  Buildings with basement car parks (with ventilation in 
accordance with Building Regulations) may not require gas resistant membranes. 
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6.2 Area A – Chemical works 

6.2.1 There are likely to be pockets of significant organic contamination in Area A, the former 
Chemical Works, and within the former reservoir in Area B.  Soil and groundwater monitoring 
to date indicates chlorinated solvents and the possible presence of coal tar.  It is 
recommended that material within Area A be retained here during earthworks and not used 
in Area B, C or D. 

6.2.2 Whilst areas of gross organic contamination will be remediated during site preparatory 
earthworks and made ground turned over to remove obstructions, remediation targets 
specific to Area A have assumed a hydrocarbon resistant membrane will be placed in all 
plots. 

6.2.3 The presence of the hydrocarbon resistant membrane would also provide adequate 
protection against carbon dioxide and methane that could be generated by low level 
organic contamination, even after remediation has been completed. 

6.2.4 Furthermore, organic solvents (chlorinated solvents) will, even at very low concentrations, 
degrade a standard or gas resistant DPM, which can lead to damp issues in buildings.  The 
inclusion of a hydrocarbon resistant membrane in all plots in Area A, would also alleviate 
future concerns.    

6.2.5 Whilst elevated organic contamination is also anticipated in the backfilled reservoir in Area 
B.  It is anticipated that this material will be excavated in its entirety and remediated, or 
disposed from site.  Providing this remediation is completed, Amber 1 protection in Area B 
would be acceptable.  If remnant sludge remains at the base of the reservoir plots over this 
would require a hydrocarbon resistant membranes (plots 112 to 114 & 130 to 134 on Strata 
layout 18-CL2-SEGB-WE-01 rev P, dated 16 November 2020). 

6.2.6 Once the final layout is agreed this should be overlain with the Areas referenced by Lithos 
to identify the affected plots. 

6.3 Workmanship & certification 

6.3.1 Area B, C & D has been classified as Amber 1, with hydrocarbon resistant membrane in plots 
in Area A.  Consequently, independent certification that the protective gas measures have 
been installed correctly is required to enable finalling of plots under the CML initiative 
(Certification is a Red item).   

6.3.2 In order to ensure the effectiveness of gas protective measures, workmanship should be 
carried out by appropriately trained and qualified personnel.   

6.3.3 In accordance with recent YALPAG guidance1, a detailed verification method statement 
should be issued to Kirklees Council in advance of the construction phase. This should 
address how the gas protection measures will be installed and what verification information 
will be provided to demonstrate the installation has been carried out in accordance with 
the appropriate guidance.  As a minimum the report should include (but not be limited to):  

• A summary of the gas risk assessment.  
• The gas protection measures proposed and confirmation they will meet the gas 

protection requirements for the lifetime of the development.  
• Technical drawings showing how the gas protection measures will be incorporated.  
• Formal qualifications/experience/training of the person carrying out the installation.  
• Formal qualifications/experience/training of the person carrying out the verification.  

 
1  Verification Requirements For Gas Protection Systems - Technical Guidance for Developers, Landowners and Consultants.  Yorkshire and 
Lincolnshire Pollution Advisory Group, December 2016. 
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• Clear demonstration of the independence of the person carrying out the verification.  
• The manufacturer’s specification of the gas protection membrane to be used.  
• Full details of what the verification process will comprise and at what stage verification 

will be carried out.  
• Details of how any non-conformance will be dealt with.  
• Details of the number of plots to be validated. 
• Timeline of when during the build, each of the gas protection measures will be installed.  
• Details of management measures proposed to ensure how damage to the membrane 

will be prevented prior to the floor being installed, post installation.  
• Details of how all site personnel (including follow-on trades) will be made aware of the 

presence of the membrane and that damage to the membrane must be prevented.  
• Details of the extent of overlap and method of sealing. 

6.3.4 BRE\Environment Agency Report BR 414 (2001) – “Protective Measures for housing on gas-
contaminated land” provides a practical guide to good practice for the detailing and 
construction of passive soil gas protection measures for new residential development.  Of 
particular relevance are a list of ‘Watchpoints’, which offer practical information for 
installation and buildability. 

6.4 Notes for designers & architects 

6.4.1 Designers\Architects should be made aware of the importance of gas protection measures, 
and their house designs should take account of potential constraints associated with 
Building Regulations (most notably those relating to access thresholds, noise and insulation), 
flood mitigation measures, and utility providers (external meter boxes may have to be 
located away from air bricks) etc.   

6.4.2 Furthermore, the need for careful material management during earthworks balance 
calculations is required to ensure made ground in Area A is not used in any other area is 
critical to allow final verification of remediation.  However, surplus made ground, which is 
demonstrated as suitable for use as set out in the remediation strategy, from Areas B, C & D 
can be used in Area A. 
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Current guidance  

CIRIA Report 151 (1995)i identified that there was inadequate guidance on trigger concentrations for ground gases.  CIRIA 

concluded that the most important aspect of a gas regime below or adjacent to a site was the surface emission rate, i.e. 

how quickly the gas is coming out of the ground.  The lower the surface emission rate the lower the risk.  CIRIA Report C665 

(2006)ii advocates two methodologies (both refer to Gas Screening Values - GSV) for characterising sites: 

A – All developments except low rise housing.  The advocated methodology is that proposed by Wilson & Card, 1999iii. 

B – Low rise housing.  An alternative (traffic light) methodology, derived by Boyle and Witherington, 2006iv for NHBC 

A – All developments except low rise housing.  (Wilson & Card, 1999)v revised Table 28 of CIRIA 149v in terms 

of borehole gas volume flow rate (now GSV) in order to achieve a more consistent design of protection measures.  This was 

done to reflect the importance of recognising the gas surface emission rate.  Wilson & Card then developed a method for 

classifying gassing sites (Table 1 below), which took into account the combined gas concentration and GSV.   

Table 1 – Site classification (Wilson & Card) 

Characteristic 

Situation 

(W&C, 1999) 

Gas Screening 

Value, CH4 or CO2  

(l/hr) 

Additional limiting factors Typical source of generation 

1 <0.07 
Methane not to exceed 1% v/v and carbon 

dioxide not to exceed 5% v/v 

Natural soils with low organic content 

2 <0.7 
Borehole air flow rate not to exceed 70 litre/hr 

otherwise increase to Characteristic Situation 3 

Natural soil, high peat/organic content 

3 <3.5 
 Old landfill, inert waste, mineworking 

flooded. 

4 <15 

Quantitative Risk Assessment required to evaluate 

scope of protection measures. 

Mineworking – susceptible to flooding, 

completed landfill, inert waste (WMP 

26B criteria) 

5 <70 Mineworking unflooded, inactive 

6 >70 Recent landfill site 

Notes:    

Borehole flow rate = volume of gas (regardless of composition) which is escaping from well (l/hr). 

Gas Screening Value (litre/hour) = gas concentration (%) / 100 x borehole flow rate (l/hr). 

To facilitate design implementation, the limiting values for both methane and carbon dioxide are identical. 

B – Low rise housing.   NHBC have developed a characterisation system similar to that of Wilson & Card above, but 

specific to low-rise housing development (Boyle and Witherington) (Table 8.7). This approach compares measured gas 

emission rates with generic “Traffic Lights”.  The Traffic Lights include “Typical Maximum Concentrations” for initial screening, 

and risk-based Gas Screening Values (GSVs) for consideration of situations where the Typical Maximum Concentrations are 

exceeded.  Calculations are carried out for both methane and carbon dioxide and the worst case adopted in order to 

establish the appropriate protection measures.  

Table 8.7 NHBC Traffic light system for 150 mm void 
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Notes: 

1. The worst gas-regime identified at the site, either methane or carbon dioxide, recorded from monitoring in the worst 

temporal conditions, will be the decider for which Traffic Light and GSV is allocated. 

2. Generic GSVs are based on guidance contained within “The Building Regulations: Approved Document C” (2004) and 

assume a sub-floor void of 150 mm thickness. 

3. The small room is considered to be a downstairs toilet, with dimensions of 1.50 × 1.50 × 2.50 m, with a soil pipe passing into 

the sub-floor void. 

4. The GSV, in litres per hour, is as defined in Wilson and Card (1999) as the borehole flow rate multiplied by the 

concentration in the air stream of the particular gas being considered. 

5. The Typical Maximum Concentrations can be exceeded in certain circumstances should the conceptual site model 

indicate it is safe to do so. This is where professional judgment will be required, based on a thorough understanding of 

the gas regime identified at the site where monitoring in the worst temporal conditions has occurred. 

6. The GSV thresholds should not generally be exceeded without completion of a detailed gas risk assessment taking into 

account site-specific conditions. 
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APPENDIX C 
Gas monitoring results 

  



Visit 1
Job No:

3043

 Client: Sheet :

1 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: ND O2: 20.3

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.57 ND 0.2 ND 0.2 20.7 ND ND ND 10.03

BH502 4.42 ND 11.4 ND 11.4 10.8 ND ND ND 8.97

BH503 8.59 ND 14.8 ND 14.8 0.9 ND ND ND 8.73

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.52 ND 0.9 ND 0.9 20.1 ND ND ND 8.96

BH506 6.80 ND ND ND ND 21.5 ND ND ND 8.82

BH507 NR NR NR NR NR NR NR NR NR NR

BH508 0.69 ND 0.7 ND 0.7 19.5 ND ND ND 2.83

BH509 0.95 ND ND ND ND 21.5 ND ND ND 2.96

PH501 5.12 ND ND ND ND 21.2 ND ND ND 8.57

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 4.0 ND 4.0 10.2 ND ND ND 5.45

PH506 ND ND ND ND ND 21.2 ND ND ND 5.71

PH507 ND ND 2.8 ND 2.8 18.1 ND ND ND 5.43

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 3.1 ND 3.1 17.2 ND ND ND 5.19

PH511 ND ND 10.4 ND 10.4 10.9 ND ND ND 5.18

PH512 4.04 ND 0.8 ND 0.8 18.7 ND ND ND 4.13

PH513 4.17 ND 3.3 ND 3.3 16.0 ND ND ND 8.62

PH514 ND ND 3.9 ND 3.9 17.1 ND ND ND 5.90

PH515 5.00 2.0 17.9 2.0 17.9 2.1 ND ND ND 9.02

PH516 4.86 ND 4.4 ND 4.4 14.7 ND ND ND 5.69

PH517 ND ND 5.7 ND 5.7 13.3 ND ND ND 4.38

PH518 5.80 ND 9.0 ND 9.0 7.3 ND ND ND 7.54

PH519 1.84 ND 14.8 ND 14.8 14.8 ND ND ND 3.03

PH520 2.37 ND ND ND ND 21.3 6.7 0.0 15.0 7.43

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:57 15:56 17:18 00:04 05:59 09:59 15:54 17:19 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 999 998 998 1018 1015 1016 1016 1017 1018 Trigger level 2 5.0 10.0 10.0

Remarks:

Bailed at 12:03 to 6.71m (7l)

Bung out and top hat off on arrival. Replaced at 12:25. Monitored at 15:53.

Bailed at 16:05 to 2.37m (15l). Fast recharge. Bung out and top hat off on arrival. Replaced at 12:30. Monitored at 16:00.

Bailed at 10:27 to 6.28m (20l)

Bailed at 11:26 to 7.18m (15l). LEL Rose to 45.5

Bailed at 12:12 to 4.82m (7l)

Recorded value breaches trigger level 1

Could not find. Maybe under Lorries.

Bung out on arrival. Replaced at 11:06. Monitored at 15:30.

Bung Missing. Well flooded. Will bail next time.

Bailed at 16:18 to 2.56m (7l). Remonitored at 17:05. Valve missing. Insterted at 12:35. Monitored at 16:18.

Bailed at 16:27 to 1.97m (10l). Remonitored at 17:09. Bung out on arrival. Replaced at 12:50. Monitored at 16:23.

Bailer would not fit down the well past 5/6m. Bung out on arrival. Replaced at 14:02. Monitored at 16:52.

Well Destroyed.

Bung out on arrival. Replaced at 14:05. Monitored at 16:47.

Bung out on arrival. Replaced at 14:26. Monitored at 16:43.

Bung out on arrival. Replaced at 14:37. Monitored at 16:41.

Could not find. Maybe under Lorries.

Bung out on arrival. Replaced at 14:46. Monitored at 16:35.

Initial / Highest

Next Calibration Date
Gas Data GFM436 Infrared Gas Analyser 22/02/2021

Not Recorded

Groundwater 
levelMonitoring Point

Bottom of well

Key

Steady concentrations
Remarks

Bung out on arrival. Replaced at 11:41. Monitored at 15:43.

17:18

Strata Homes

09:57

Depart Time:

Lander Latta

Operator:

09/10/2020

None Detected

Westgate, Cleckheaton

Weather Station Data (Bailiff Bridge Station)

Geotechnical Instruments Dipmeter

Recorded value breaches trigger level 2

Recorded value does not breach trigger levels

Arrival Time:

 Job Title:

Gas Flow Rates

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Concentrations

Surface Ground Conditions: Dry
Weather Conditions: Cloudy 

Site Data:
Falling the risingBarometric Pressure Trend:  8 to 11

Visit 1 27/04/2021



Visit 1 Bailed
Job No:

3043

 Client: Sheet :

2 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: ND O2: 20.3

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.57 ND 0.2 ND 0.2 20.7 ND ND ND 10.03

BH502 4.42 ND 11.4 ND 11.4 10.8 ND ND ND 8.97

BH503 8.59 ND 14.8 ND 14.8 0.9 ND ND ND 8.73

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.52 ND 0.9 ND 0.9 20.1 ND ND ND 8.96

BH506 6.80 ND ND ND ND 21.5 ND ND ND 8.82

BH507 NR NR NR NR NR NR NR NR NR NR

BH508 1.00 ND ND ND ND 21.6 ND ND ND 2.93

BH509 0.83 ND 0.7 ND 0.7 20.4 115.0 0.0 200.0 2.96

PH501 5.12 ND ND ND ND 21.2 ND ND ND 8.57

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 4.0 ND 4.0 10.2 ND ND ND 5.45

PH506 ND ND ND ND ND 21.2 ND ND ND 5.71

PH507 ND ND 2.8 ND 2.8 18.1 ND ND ND 5.43

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 3.1 ND 3.1 17.2 ND ND ND 5.19

PH511 ND ND 10.4 ND 10.4 10.9 ND ND ND 5.18

PH512 4.04 ND 0.8 ND 0.8 18.7 ND ND ND 4.13

PH513 4.17 ND 3.3 ND 3.3 16.0 ND ND ND 8.62

PH514 ND ND 3.9 ND 3.9 17.1 ND ND ND 5.90

PH515 5.00 2.0 17.9 2.0 17.9 2.1 ND ND ND 9.02

PH516 4.86 ND 4.4 ND 4.4 14.7 ND ND ND 5.69

PH517 ND ND 5.7 ND 5.7 13.3 ND ND ND 4.38

PH518 5.80 ND 9.0 ND 9.0 7.3 ND ND ND 7.54

PH519 1.84 ND 14.8 ND 14.8 14.8 ND ND ND 3.03

PH520 2.37 ND ND ND ND 21.3 6.7 0.0 15.0 7.43

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:57 15:56 17:18 00:04 05:59 09:59 15:54 17:19 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 999 998 998 1018 1015 1016 1016 1017 1018 Trigger level 2 5.0 10.0 10.0

Remarks:

Falling the rising

Weather Conditions: Cloudy 
Surface Ground Conditions: Dry

Site Data: Weather Station Data (Bailiff Bridge Station)
8 to 11 Barometric Pressure Trend:  

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Geotechnical Instruments Dipmeter Not Recorded

Bailed at 11:26 to 7.18m (15l). LEL Rose to 45.5

Bailed at 12:12 to 4.82m (7l)

Bailed at 12:03 to 6.71m (7l)

Bung out and top hat off on arrival. Replaced at 12:25. Monitored at 15:53.

Bailed at 16:05 to 2.37m (15l). Fast recharge. Bung out and top hat off on arrival. Replaced at 12:30. Monitored at 16:00.

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Bailer would not fit down the well past 5/6m. Bung out on arrival. Replaced at 14:02. Monitored at 16:52.

Well Destroyed.

Bung out on arrival. Replaced at 14:05. Monitored at 16:47.

Bung out on arrival. Replaced at 14:26. Monitored at 16:43.

Bung out on arrival. Replaced at 14:37. Monitored at 16:41.

Could not find. Maybe under Lorries.

Bung out on arrival. Replaced at 14:46. Monitored at 16:35.

Bailed at 10:27 to 6.28m (20l)

Remonitored at 17:09. 

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Bung out on arrival. Replaced at 11:41. Monitored at 15:43.

Could not find. Maybe under Lorries.

Could not find. Maybe under Lorries.

Bung out on arrival. Replaced at 11:06. Monitored at 15:30.

Bung Missing. Well flooded. Will bail next time.

Remonitored at 17:05. Valve missing. 

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

09/10/2020 09:57 17:18 Lander Latta

Visit 1 Bailed 27/04/2021



Visit 2
Job No:

3043

 Client: Sheet :

3 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.4

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.16 ND 1.0 ND 1.0 18.2 ND ND ND 10.50

BH502 4.36 ND 9.2 ND 9.2 9.5 ND ND ND 8.93

BH503 8.34 ND 0.5 ND 0.5 20.0 ND ND ND 8.70

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.25 ND 4.7 ND 4.7 14.7 ND ND ND 8.94

BH506 6.76 ND 0.1 ND 0.1 20.5 ND ND ND 8.49

BH507 0.05 NR NR NR NR NR NR NR NR 2.87

BH508 0.76 ND 3.3 ND 3.3 18.2 104.8 0.0 10.0 2.92

BH509 0.84 ND 0.9 ND 0.9 19.7 ND ND ND 2.97

PH501 4.90 NR NR NR NR NR NR NR NR 8.48

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 0.1 ND 0.1 20.4 ND ND ND 5.45

PH506 ND ND 0.4 ND 0.4 20.0 ND ND ND 5.71

PH507 ND ND 3.1 ND 3.1 16.7 ND ND ND 5.41

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.5 ND 2.5 17.4 ND ND ND 4.98

PH511 NR NR NR NR NR NR NR NR NR NR

PH512 3.99 ND 1.1 ND 1.1 14.9 ND ND ND 4.09

PH513 4.02 ND 2.1 ND 2.1 12.0 ND ND ND 8.30

PH514 ND ND 4.4 ND 4.4 14.9 ND ND ND 5.86

PH515 4.32 1.5 21.0 1.5 21.0 0.0 ND ND ND 9.02

PH516 4.52 ND 4.7 ND 4.7 14.4 ND ND ND 5.69

PH517 4.20 ND 2.3 ND 2.3 18.0 ND ND ND 4.38

PH518 5.65 ND 1.1 ND 1.1 8.8 ND ND ND 7.55

PH519 0.67 ND 3.1 ND 3.1 17.0 ND ND ND 2.96

PH520 2.20 ND 1.2 ND 1.2 19.2 ND ND ND 7.43

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:11 13:15 13:53 00:04 09:09 13:14 13:54 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 985 980 987 988 997 1000 1000 1004 1007 Trigger level 2 5.0 10.0 10.0

Remarks:

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

02/11/2020 09:11 13:53 Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

Bailed 11:26 - 11:37 to 2.03m (30l). 1.04m Dip at 12:09.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Could not find.

Flooded Well. Bung released and monitored immediately.

Bung Missing. Inserted at 12:36. Top Hat Destroyed. Monitored at 13:39.

Bung missing. Inserted at 09:35. Monitored at 13:11.

Bailed 10:53 - 11:05 to 0.20m (45l). Top hat removed. Well Flooded. No Gas Measured. No Bung.

Bailed 11:14 - 11:18 to 2.62m (10l). 2.48m Dip at 12:07. Bung Released to drain. Monitored Immediately.

Bailed 13:01 - 13:03 to 5.41m (3l). 4.93m Dip at 13:52. No Bung and can not bail. Bung inserted at 13:05. 

Bung Missing. Inserted at 12:43. Monitored at 13:49.

Bung Missing. Inserted at 12:41. Monitored at 13:45.

Bung Missing. Inserted at 12:37. Monitored at 13:42. 

Could not find.

Bung Missing. Inserted at 12:34. Monitored at 13:34.

Flush Cover Destroyed. Well Flooded. Bung Stuck in Well. 

Geotechnical Instruments Dipmeter Not Recorded

LEL Rose to 35.4

Bailed 10:20 - 10:26 to 2.68m (15l). 1.42m Dip at 10:47. Remonitored at 13:16.

Bailed 10:36 - 10:42 to 2.20m (15l). 

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Rising

Weather Conditions: Raining 
Surface Ground Conditions: Wet

Site Data: Weather Station Data (Bailiff Bridge Station)
9 to 11 Barometric Pressure Trend:  

Visit 2 27/04/2021



Visit 2 Bailed
Job No:

3043

 Client: Sheet :

4 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.4

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.16 ND 1.0 ND 1.0 18.2 ND ND ND 10.50

BH502 4.36 ND 9.2 ND 9.2 9.5 ND ND ND 8.93

BH503 8.34 ND 0.5 ND 0.5 20.0 ND ND ND 8.70

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.25 ND 4.7 ND 4.7 14.7 ND ND ND 8.94

BH506 6.76 ND 0.1 ND 0.1 20.5 ND ND ND 8.49

BH507 0.05 NR NR NR NR NR NR NR NR 2.87

BH508 1.52 ND 0.8 ND 0.8 19.6 120.0 8.0 300.0 2.93

BH509 0.84 ND 0.9 ND 0.9 19.7 ND ND ND 2.97

PH501 4.90 NR NR NR NR NR NR NR NR 8.48

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 0.1 ND 0.1 20.4 ND ND ND 5.45

PH506 ND ND 0.4 ND 0.4 20.0 ND ND ND 5.71

PH507 ND ND 3.1 ND 3.1 16.7 ND ND ND 5.41

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.5 ND 2.5 17.4 ND ND ND 4.98

PH511 NR NR NR NR NR NR NR NR NR NR

PH512 3.99 ND 1.1 ND 1.1 14.9 ND ND ND 4.09

PH513 4.02 ND 2.1 ND 2.1 12.0 ND ND ND 8.30

PH514 ND ND 4.4 ND 4.4 14.9 ND ND ND 5.86

PH515 4.32 1.5 21.0 1.5 21.0 0.0 ND ND ND 9.02

PH516 4.52 ND 4.7 ND 4.7 14.4 ND ND ND 5.69

PH517 4.20 ND 2.3 ND 2.3 18.0 ND ND ND 4.38

PH518 5.65 ND 1.1 ND 1.1 8.8 ND ND ND 7.55

PH519 0.82 ND 0.6 ND 0.6 19.6 106.6 0.0 90.0 3.00

PH520 2.20 ND 1.2 ND 1.2 19.2 ND ND ND 7.43

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:11 13:15 13:53 00:04 09:09 13:14 13:54 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 985 980 987 988 997 1000 1000 1004 1007 Trigger level 2 5.0 10.0 10.0

Remarks:

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

02/11/2020 09:11 13:53 Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

Bailed 11:26 - 11:37 to 2.03m (30l). 1.04m Dip at 12:09.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Could not find.

Flooded Well. Bung released and monitored immediately.

Bung Missing. Inserted at 12:36. Top Hat Destroyed. Monitored at 13:39.

Bung missing. Inserted at 09:35. Monitored at 13:11.

Bailed 10:53 - 11:05 to 0.20m (45l). Top hat removed. Well Flooded. No Gas Measured. No Bung.

Remonitored at 13:24. 

Bailed 13:01 - 13:03 to 5.41m (3l). 4.93m Dip at 13:52. No Bung and can not bail. Bung inserted at 13:05. 

Bung Missing. Inserted at 12:43. Monitored at 13:49.

Bung Missing. Inserted at 12:41. Monitored at 13:45.

Bung Missing. Inserted at 12:37. Monitored at 13:42. 

Could not find.

Bung Missing. Inserted at 12:34. Monitored at 13:34.

Flush Cover Destroyed. Well Flooded. Bung Stuck in Well. 

Geotechnical Instruments Dipmeter Not Recorded

LEL Rose to 35.4

Remonitored at 13:16.

Bailed 10:36 - 10:42 to 2.20m (15l). 

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Rising

Weather Conditions: Raining 
Surface Ground Conditions: Wet

Site Data: Weather Station Data (Bailiff Bridge Station)
9 to 11 Barometric Pressure Trend:  

Visit 2 Bailed 27/04/2021



Visit 3
Job No:

3043

 Client: Sheet :

5 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.2

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.26 ND 2.1 ND 2.1 16.0 ND ND ND 10.04

BH502 4.41 ND 9.4 ND 9.4 7.7 ND ND ND 8.90

BH503 8.48 ND 0.3 ND 0.3 20.1 ND ND ND 8.72

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.24 ND 2.6 ND 2.6 16.8 ND ND ND 8.94

BH506 6.87 ND 0.8 ND 0.8 19.4 ND ND ND 8.79

BH507 0.46 ND 2.2 ND 2.2 18.5 7.8 0.0 15.0 2.86

BH508 1.08 NR NR NR NR NR NR NR NR 2.91

BH509 1.00 ND 0.4 ND 0.4 20.0 ND ND ND 2.98

PH501 5.21 NR NR NR NR NR NR NR NR 8.56

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 8.8 ND 8.8 4.8 ND ND ND 5.52

PH506 ND ND 9.1 ND 9.1 7.5 ND ND ND 5.75

PH507 ND ND 0.2 ND 0.2 20.1 ND ND ND 5.42

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 5.71 ND 4.5 ND 4.5 15.7 ND ND ND 7.44

PH510 ND ND 2.4 ND 2.4 17.8 ND ND ND 5.07

PH511 NR NR NR NR NR NR NR NR NR NR

PH512 4.00 ND 0.8 ND 0.8 16.8 -5.3 0.0 1.0 4.09

PH513 5.10 ND 4.4 ND 4.4 12.0 ND ND ND 8.25

PH514 ND ND 4.6 ND 4.6 14.1 43.6 0.0 15.0 5.89

PH515 4.68 ND 23.9 ND 23.9 2.6 ND ND ND 9.03

PH516 4.42 ND 1.6 ND 1.6 18.6 ND ND ND 5.69

PH517 4.25 ND 2.5 ND 2.5 15.8 ND ND ND 4.38

PH518 5.70 ND 9.2 ND 9.2 2.0 ND ND ND 7.54

PH519 1.28 ND 0.8 ND 0.8 19.7 ND ND ND 3.04

PH520 2.14 ND 1.1 ND 1.1 19.8 -61.4 0.0 25.0 7.39

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:19 12:10 12:42 00:04 09:12 11:50 12:44 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 1019 1017 1014 1034 1030 1029 1028 1025 1024 Trigger level 2 5.0 10.0 10.0

Remarks:

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

20/11/2020 09:19 12:42 Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

Not Bailed as Recharge is too quick.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Well Flooded. Bung released to drain and monitored immediately. 

Not Bailed as Recharge is too quick.

No Bung. No Gas monitored and Not Bailed as Recharge is too quick. Bung inserted at 11:02.

No Bung. No Gas monitored and Not Bailed as bailer does not fit down this well. Bung inserted at 12:41.

Could not remove flush cover. Will use different socket set next time. 

Geotechnical Instruments Dipmeter Not Recorded

Not Bailed as Recharge is too quick.

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Falling

Weather Conditions: Cloudy
Surface Ground Conditions: Damp

Site Data: Weather Station Data (Bailiff Bridge Station)
5 to 9 Barometric Pressure Trend:  

Visit 3 27/04/2021



Job No:

3043

 Client: Sheet :

6 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.4

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.09 ND 9.4 ND 9.4 1.7 ND ND ND 10.30

BH502 4.40 ND 9.0 ND 9.0 7.2 ND ND ND 8.92

BH503 8.41 ND 0.7 ND 0.7 19.7 ND ND ND 8.84

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 ND ND 0.4 ND 0.4 19.9 ND ND ND 3.12

BH506 6.88 ND 1.7 ND 1.7 18.6 ND ND ND 7.83

BH507 0.34 NR NR NR NR NR NR NR NR 2.89

BH508 1.12 ND 4.1 ND 4.1 18.2 80.1 0.0 25.0 2.92

BH509 1.00 ND 0.7 ND 0.7 19.9 ND ND ND 2.99

PH501 4.94 ND 0.2 ND 0.2 20.1 8.8 0.0 5.0 8.57

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 11.4 ND 11.4 0.5 ND ND ND 5.53

PH506 ND ND 9.8 ND 9.8 6.4 ND ND ND 5.77

PH507 ND ND 1.6 ND 1.6 17.8 ND ND ND 5.42

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 5.67 ND 0.6 ND 0.6 19.5 ND ND ND 7.43

PH510 ND ND 2.2 ND 2.2 18.2 ND ND ND 5.05

PH511 NR ND 7.6 ND 7.6 10.2 ND ND ND NR

PH512 3.99 ND 0.8 ND 0.8 19.0 ND ND ND 4.08

PH513 4.33 ND 4.4 ND 4.4 14.0 ND ND ND 8.28

PH514 ND ND 4.5 ND 4.5 14.3 ND ND ND 5.91

PH515 4.31 ND 17.7 ND 17.7 0.0 120.7 41.2 85.0 9.01

PH516 4.21 ND 2.3 ND 2.3 17.8 ND ND ND 5.71

PH517 4.09 ND 6.2 ND 6.2 12.2 ND ND ND 4.37

PH518 5.59 ND 9.9 ND 9.9 0.7 ND ND ND 7.52

PH519 0.87 ND 1.5 ND 1.5 19.4 ND ND ND 3.07

PH520 2.11 ND 2.9 ND 2.9 19.3 ND ND ND 7.40

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 08:57 11:23 12:00 00:04 08:59 11:24 11:59 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 973 971 971 990 995 986 986 988 990 Trigger level 2 5.0 10.0 10.0

Remarks:

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

11/12/2020 08:57 12:00 Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Flooded Well. Bung Released to drain. Monitored Immediately. 

Bung Missing. Inserted at 9:30.

Bung Missing. Inserted at 9:50.

Bung Missing. Inserted at 9:49.

Bung Missing. Inserted at 10:16.

Bung Missing. Inserted at 9:52.

Can not Remove Bung.

Geotechnical Instruments Dipmeter Not Recorded

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Falling then Rising

Weather Conditions: Cloudy
Surface Ground Conditions: Damp

Site Data: Weather Station Data (Bailiff Bridge Station)
6 to 7 Barometric Pressure Trend:  

Visit 4 27/04/2021



Job No:

3043

 Client: Sheet :

7 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.5

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.05 ND 7.4 ND 7.4 6.4 ND ND ND 10.40

BH502 4.38 ND 8.5 ND 8.5 7.7 ND ND ND 8.93

BH503 0.88 NR NR NR NR NR NR NR NR 8.75

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 7.95 ND 5.1 ND 5.1 14.2 ND ND ND 8.96

BH506 6.89 ND 0.7 ND 0.7 19.5 ND ND ND 8.75

BH507 0.41 NR NR NR NR NR NR NR NR 2.82

BH508 NR NR NR NR NR NR NR NR NR NR

BH509 0.99 ND 1.1 ND 1.1 19.4 ND ND ND 2.96

PH501 5.14 ND 0.1 ND 0.1 19.9 ND ND ND 8.51

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 11.6 ND 11.6 0.0 ND ND ND 5.54

PH506 ND ND 9.7 ND 9.7 5.5 ND ND ND 5,76

PH507 ND ND 4.6 ND 4.6 14.5 ND ND ND 5.40

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.8 ND 2.8 17.7 ND ND ND 5.04

PH511 NR ND 8.3 ND 8.3 8.2 ND ND ND NR

PH512 4.03 ND 0.5 ND 0.5 19.6 ND ND ND 4.09

PH513 5.04 ND 3.6 ND 3.6 11.5 ND ND ND 8.24

PH514 ND ND 4.2 ND 4.2 14.2 ND ND ND 5.87

PH515 4.49 0.6 ND 0.6 ND 13.5 122.4 0.0 90.0 9.01

PH516 3.95 ND 4.3 ND 4.3 15.6 ND ND ND 4.37

PH517 5.45 ND 7.3 ND 7.3 0.0 ND ND ND 7.50

PH518 4.07 ND 3.4 ND 3.4 17.3 ND ND ND 5.70

PH519 0.93 ND 0.8 ND 0.8 19.5 ND ND ND 3.06

PH520 2.11 ND 3.0 ND 3.0 18.7 ND ND ND 7.36

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:00 10:49 12:15 12:01 08:58 10:50 12:12 17:57 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 1008 1004 1005 1000 998 998 996 996 996 Trigger level 2 5.0 10.0 10.0

Remarks:

Falling

Weather Conditions: Cloudy
Surface Ground Conditions: Frozen

Site Data: Weather Station Data (Halifax_HX3 Station)
 - 1 to 3 Barometric Pressure Trend:  

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Geotechnical Instruments Dipmeter Not Recorded

LEL rose to 14.8.

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Bung Stuck Down Well.

No Bung. New Bung inserted at 09:47. Monitored at 11:57.

Valve open on arrival. Valve Closed at 09:56. Monitored at 12:04

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

No Bung. New Bung inserted at 09:21. Monitored at 11:48.

Flooded/ Frozen Well. Bung Released to Drain. Monitored Immediately. 

Frozen/ Flooded Well.

No Bung.

Bung Stuck in Frozen water.

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

07/01/2021 09:00 12:15 Lander Latta

Visit 5 27/04/2021



Job No:

3043

 Client: Sheet :

8 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: ND O2: 20.3

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 3.15 ND 4.3 ND 4.3 11.9 ND ND ND 10.03

BH502 3.80 ND 9.6 ND 9.6 7.9 ND ND ND 8.90

BH503 7.16 ND 0.1 ND 0.1 20.2 ND ND ND 8.68

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 NR NR NR NR NR NR NR NR NR NR

BH506 6.55 ND ND ND ND 20.0 ND ND ND 8.72

BH507 NR NR NR NR NR NR NR NR NR NR

BH508 NR NR NR NR NR NR NR NR NR NR

BH509 NR NR NR NR NR NR NR NR NR NR

PH501 4.94 NR NR NR NR NR NR NR NR 8.72

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 7.6 ND 7.6 0.3 ND ND ND 5.57

PH506 ND ND 9.7 ND 9.7 4.1 ND ND ND 5.78

PH507 3.68 ND 3.1 ND 3.1 15.8 ND ND ND 5.69

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 1.9 ND 1.9 18.5 ND ND ND 5.05

PH511 NR ND 5.4 ND 5.4 11.5 ND ND ND NR

PH512 3.99 ND 0.2 ND 0.2 19.2 ND ND ND 4.09

PH513 3.19 ND 1.0 ND 1.0 17.4 ND ND ND 8.24

PH514 ND ND 4.3 ND 4.3 12.9 ND ND ND 5.86

PH515 3.43 ND ND ND ND 19.9 0.6 0.0 5.0 8.01

PH516 3.31 ND 2.9 ND 2.9 17.9 ND ND ND 5.70

PH517 3.14 ND 2.7 ND 2.7 14.9 ND ND ND 4.38

PH518 4.42 ND 2.5 ND 2.5 3.0 ND ND ND 7.50

PH519 0.70 ND 0.7 ND 0.7 19.4 14.4 0.0 40.0 3.05

PH520 1.75 ND 2.5 ND 2.5 18.3 -32.3 0.0 40.0 7.40

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:00 10:20 11:41 00:03 09:01 10:22 11:43 15:58 20:00 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 992 991 990 991 990 990 989 990 990 Trigger level 2 5.0 10.0 10.0

Remarks:

Steady

Weather Conditions: Overcast/ Light Wind
Surface Ground Conditions: Frozen

Site Data: Weather Station Data (Halifax_HX3 Station)
 - 1 to 0 Barometric Pressure Trend:  

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Geotechnical Instruments Dipmeter Not Recorded

Bung Inserted at 10:54. Monitored at 11:19.

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

No Bung.

Can not Find.

Bung Closed at 10:09. Monitored at 11:33.

Stuck under ice.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Bung Released to Drain. Monitored Immediately.

Stuck under ice.

Stuck under ice.

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

08/02/2021 09:00 11:41 Lander

Visit 6 27/04/2021



Job No:

3043

 Client: Sheet :

9 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: ND O2: 20.5

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.10 ND 0.3 ND 0.3 19.6 ND ND ND 10.00

BH502 4.33 ND 3.2 ND 3.2 9.1 ND ND ND 8.89

BH503 8.43 ND 11.5 ND 11.5 0.1 ND ND ND 8.73

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 7.98 ND 2.6 ND 2.6 17.0 ND ND ND 8.94

BH506 6.89 ND 1.5 ND 1.5 19.0 ND ND ND 8.76

BH507 0.37 NR NR NR NR NR NR NR NR 2.83

BH508 0.65 ND 0.2 ND 0.2 19.9 -4.0 0.0 5.0 2.90

BH509 0.99 ND 0.7 ND 0.7 19.7 91.4 0.0 25.0 2.91

PH501 5.09 ND 0.1 ND 0.1 20.2 ND ND ND 8.37

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 10.2 ND 10.2 1.3 ND ND ND 5.55

PH506 ND ND 9.2 ND 9.2 3.6 ND ND ND 5.76

PH507 5.02 ND 1.8 ND 1.8 18.1 ND ND ND 5.41

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.0 ND 2.0 18.2 ND ND ND 5.06

PH511 NR ND 2.9 ND 2.9 16.0 ND ND ND NR

PH512 4.00 ND 0.4 ND 0.4 19.7 ND ND ND 4.05

PH513 5.00 ND 4.3 ND 4.3 11.8 ND ND ND 8.25

PH514 5.87 ND 3.4 ND 3.4 14.9 ND ND ND 5.89

PH515 3.75 ND 5.1 ND 5.1 16.4 -65.2 0.0 25.0 9.00

PH516 4.27 ND 0.9 ND 0.9 19.6 ND ND ND 5.60

PH517 4.12 ND 2.4 ND 2.4 17.7 ND ND ND 4.37

PH518 5.53 ND 3.2 ND 1.2 13.2 ND ND ND 7.50

PH519 0.99 ND 1.4 ND 1.4 18.4 ND ND ND 3.00

PH520 2.11 ND 3.2 ND 3.2 17.7 -14.8 0.0 15.0 7.38

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:00 11:23 12:00 00:04 08:59 11:24 11:59 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 1017 1016 1015 1015 1014 1014 1014 1012 1012 Trigger level 2 5.0 10.0 10.0

Remarks:

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

01/03/2021 09:00 12:00 Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

Well Flooded. Bung Released to Drain. Monitored immediately.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Bung out on arrival. New bung inserted at 10:02. Monitored at 11:45.

Bung out on arrival. New bung inserted at 09:47. Monitored at 11:18.

Well Flooded. Bung Released to Drain. Monitored immediately.

Bung out on arrival. New bung inserted at 09:27. Monitored at 11:27.

Bung out on arrival. New bung inserted at 09:45. Monitored at 11:23.

Bung out on arrival. New bung inserted at 09:55. Monitored at 11:14.

Can not Remove the bung.

Geotechnical Instruments Dipmeter Not Recorded

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Falling

Weather Conditions: Overcast/ Light Breeze
Surface Ground Conditions: Damp

Site Data: Weather Station Data (Halifax_HX3 Station)
2 to 4 Barometric Pressure Trend:  

Visit 7 27/04/2021



Job No:

3043

 Client: Sheet :

10 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.8

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.17 ND 0.2 ND 0.2 20.4 ND ND ND 10.03

BH502 4.34 ND 8.2 ND 8.2 9.4 ND ND ND 8.87

BH503 8.45 ND 10.1 ND 10.1 0.2 ND ND ND 8.68

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.04 ND 3.5 ND 3.5 16.4 ND ND ND 8.93

BH506 6.88 ND ND ND ND 20.5 ND ND ND 8.73

BH507 0.32 NR NR NR NR NR NR NR NR 2.78

BH508 1.02 ND 0.1 ND 0.1 20.5 7.5 0.0 3.0 2.92

BH509 0.99 ND 0.8 ND 0.8 19.2 10.2 0.0 20.0 2.92

PH501 5.03 ND 2.2 ND 2.2 19.7 3.3 0.0 5.0 8.34

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 8.2 ND 8.2 1.3 ND ND ND 5.51

PH506 ND ND 8.4 ND 8.4 4.2 ND ND ND 5.74

PH507 5.06 ND 3.9 ND 3.9 16.8 ND ND ND 5.39

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.8 ND 2.8 17.4 ND ND ND 5.05

PH511 NR ND 4.6 ND 4.6 15.3 ND ND ND NR

PH512 4.02 ND 2.3 ND 2.3 15.8 ND ND ND 4.06

PH513 4.52 ND 4.6 ND 4.6 11.7 ND ND ND 8.25

PH514 ND ND 3.1 ND 3.1 16.0 ND ND ND 5.85

PH515 4.45 ND 16.9 ND 16.9 1.7 114.0 0.0 90.0 9.10

PH516 4.33 ND 1.7 ND 1.7 19.2 ND ND ND 5.70

PH517 4.20 ND 1.6 ND 1.6 18.9 ND ND ND 4.36

PH518 5.59 ND 6.8 ND 6.8 2.1 11.2 0.0 10.0 7.53

PH519 0.89 ND 0.1 ND 0.1 20.6 ND ND ND 2.97

PH520 2.08 ND 3.6 ND 3.6 17.8 ND ND ND 7.28

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 09:00 11:04 11:27 00:04 08:59 11:04 11:29 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 1010 1006 1006 1003 1001 1001 1000 997 997 Trigger level 2 5.0 10.0 10.0

Remarks:

Falling

Weather Conditions: Overcast/ Windy
Surface Ground Conditions: Dry

Site Data: Weather Station Data (Halifax_HX3 Station)
8 Barometric Pressure Trend:  

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Geotechnical Instruments Dipmeter Not Recorded

Top hat Missing. Bung missing. New Bung inserted at 10:23. Monitored at 11:18.

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Bung missing. New Bung inserted at 10:10. Monitored at 11:14.

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

23/03/2021 09:00 11:27 Lander Latta

Visit 8 27/04/2021



Job No:

3043

 Client: Sheet :

11 of 11

Date:

Gas Monitoring Results:

Ambient Concentration (% Volume): CH4: ND CO2: 0.1 O2: 20.7

Lowest concn

CH4 CO2 CH4 CO2 O2

(m) bgl % v/v (%) % v/v (%) (%) litre/hr litre/hr secs m

BH501 4.76 ND 4.6 ND 4.6 7.0 ND ND ND 10.30

BH502 4.41 ND 8.0 ND 8.0 12.6 ND ND ND 8.89

BH503 8.20 ND 10.2 ND 10.2 0.6 ND ND ND 8.73

BH504 NR NR NR NR NR NR NR NR NR NR

BH505 8.30 ND 4.8 ND 4.8 14.3 ND ND ND 8.92

BH506 6.51 ND 0.7 ND 0.7 20.3 ND ND ND 8.73

BH507 0.60 NR NR NR NR NR NR NR NR 2.84

BH508 1.05 ND 0.7 ND 0.7 19.9 ND ND ND 2.90

BH509 1.02 NR NR NR NR NR NR NR NR 2.86

PH501 5.15 NR NR NR NR NR NR NR NR 8.36

PH502 NR NR NR NR NR NR NR NR NR NR

PH505 ND ND 9.8 ND 9.8 0.9 ND ND ND 5.52

PH506 ND ND 8.7 ND 8.7 5.2 ND ND ND 5.75

PH507 5.21 ND 1.4 ND 1.4 19.5 ND ND ND 5.39

PH508 NR NR NR NR NR NR NR NR NR NR

PH509 NR NR NR NR NR NR NR NR NR NR

PH510 ND ND 2.4 ND 2.4 18.8 ND ND ND 5.07

PH511 NR ND 4.8 ND 4.8 15.3 ND ND ND NR

PH512 ND ND 0.3 ND 0.3 20.4 ND ND ND 3.82

PH513 5.83 ND 5.5 ND 5.5 12.2 ND ND ND 8.25

PH514 5.82 ND 3.8 ND 3.8 16.4 ND ND ND 5.84

PH515 4.96 ND 20.0 ND 20.0 1.6 ND ND ND 9.00

PH516 4.89 ND 1.0 ND 1.0 19.6 ND ND ND 5.70

PH517 4.29 ND 3.5 ND 3.5 17.7 ND ND ND 4.36

PH518 6.07 ND 6.5 ND 6.5 1.9 ND ND ND 7.52

PH519 1.38 ND 0.1 ND 0.1 20.8 ND ND ND 2.97

PH520 2.17 ND 1.8 ND 1.8 19.1 ND ND ND 7.39

Equipment Used:
ND
NR
1.0
5.0

10.0
CH4 CO2 O2

Temp (oC):
Time: 08:50 11:04 11:35 00:03 08:49 11:04 11:34 17:59 19:59 Trigger level 1 1.0 5.0 16.0

Pressure (mb): 1016 1015 1014 1028 1030 1030 1030 1029 1029 Trigger level 2 5.0 10.0 10.0

Remarks:

Steady

Weather Conditions: Sunny/ Still
Surface Ground Conditions: Dry

Recorded value does not breach trigger levels
Recorded value breaches trigger level 1
Recorded value breaches trigger level 2

Site Data: Weather Station Data (Bailiff Bridge Station)
1 to 10 Barometric Pressure Trend:  

Next Calibration Date Key
Gas Data GFM436 Infrared Gas Analyser 22/02/2021 None Detected
Geotechnical Instruments Dipmeter Not Recorded

Bung Missing on arrival. Bung inserted at 10:14. Monitored at 11:13.

Bung Missing on arrival. Bung inserted at 09:45. Monitored at 11:10.

Bung Missing on arrival. Bung inserted at 10:26. Monitored at 11:22.

Bung Missing on arrival. Bung inserted at 09:42. Monitored at 11:07.

Bung Missing on arrival. Bung inserted at 09:39. Monitored at 11:04.

Bung Missing on arrival. Bung inserted at 10:29. Monitored at 11:18.

Bung Missibg on arrival. Plastic bottles stuck down the top of the well.

Initial / 
Maximum Steady

Time to fall 
from highest 

to steady

Lander Latta

Monitoring Point
Groundwater 

level

Concentrations Gas Flow Rates

Bottom of well
Remarks

Initial / Highest Steady concentrations

 Job Title:

Westgate, Cleckheaton

Strata Homes

Arrival Time: Depart Time: Operator:

22/04/2021 08:50 11:35

Visit 9 27/04/2021



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

APPENDIX D 
Atmospheric Pressure Graphs 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



 

  

Visit 1  
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Visit 2  

Date: 02/11/2020 

Visit 3  

Date: 20/11/2020 



 

  

Visit 4  

Date: 11/12/2020 



  

Visit 5  

Date: 07/01/2021 



  

Visit 6  

Date: 08/02/2021 



  

Visit 7  

Date: 01/03/2021 

Visit 8  

Date: 23/03/2021 



 

Visit 9  
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APPENDIX E 
Monitoring Well Installations 



Well Water
Strikes

Sample and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.15

1.10

1.50

2.60

4.00

5.20

5.80

6.20

7.20

Level
(m)

100.85
100.70

99.75

99.35

98.25

96.85

95.65

95.05

94.65

93.65

Legend Stratum Description

MADE GROUND: Greyish brown sandy slightly silty 
subangular fine to medium GRAVEL of macadam, 
concrete and occasional brick and pottery.
(GRANULAR HARDCORE)
MADE GROUND: Dark grey slightly silty ash SAND and 
subangular to subrounded fine to medium GRAVEL of 
clinker and occasional burnt shale. Medium cobble 
content of subangular brick.
(ASH & CLINKER)

0.9m borehole drilled through timber obstruction.
MADE GROUND: Brown sandy gravelly CLAY. Gravel is 
subangular fine to coarse of brick, mudstone and clinker. 
Sand includes ash.
(COHESIVE MADE GROUND)
MADE GROUND: Reddish brown very sandy slightly 
clayey subangular fine to coarse GRAVEL of concrete, 
sandstone and brick. Likely with high cobble content of 
brick and concrete when in-situ.
(GRANULAR MADE GROUND)
MADE GROUND: Red and grey gravelly ash SAND. 
Gravel is subangular fine to coarse of brick, concrete, 
clinker and sandstone.
(ASH & CLINKER)

MADE GROUND: Grey very clayey gravelly SAND. 
Gravel is subrounded fine to medium of mudstone, 
pottery and occasional burnt shale and brick.  With 
sulphurous smell throughout.
(FILTER SAND)

MADE GROUND: Black SAND and subangular fine to 
medium GRAVEL of coal, clinker and mudstone. Sand 
includes coal dust and ash.
(ASH & CLINKER)
MADE GROUND: Greyish brown slightly sandy 
subangular fine to coarse GRAVEL of sandstone and 
occasional pottery and concrete.
(GRANULAR MADE GROUND)

5.8m groundwater struck. Rose to 4.85m in 5 
minutes.

MADE GROUND: Firm brown and grey gravelly CLAY. 
Gravel is subangular medium of sandstone and 
occasional pottery and clinker.
(COHESIVE MADE GROUND)
MADE GROUND: Brown subangular fine to coarse 
GRAVEL of sandstone.
(GRANULAR MADE GROUND)

from 7.6m faint hydrocarbon smell during drilling.

From 8.3m gravel predominantly comprises 
mudstone.

Continued on Next Sheet

1

2

3

4

5

6

7

8

9

10

1.00 S N=6 (1,1/1,2,1,2)
1.20 D

2.00 D
2.00 S N=3 (3,2/1,1,0,1)

3.00 D
3.00 S N=3 (1,1/1,1,0,1)

4.00 D
4.00 - 5.00 D&B

4.00 S N=6 (1,1/1,1,2,2)

5.00 D
5.00 S N=40 (5,4/7,9,9,15)

5.80 D
6.00 D
6.00 S N=30 (4,5/7,7,7,9)

7.50 D
7.50 S N=16 (17,10/4,4,4,4)
7.60 J,K&T

9.00 D
9.00 S N=16 (3,4/5,4,4,3)

Borehole Log
Borehole No.

BH501
Sheet 1 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418246E - 425050N 
Hole Type

CP

Location: Cleckheaton Level: 100.85 m AOD
Scale
1:50

Client: Strata Homes Dates: 14/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 5.8m and rose to 
4.85m after 5 minutes.  3.  The borehole was advanced by chiselling from 10.7m to 11.0m (0.5 hours).



Well Water
Strikes

Sample and In Situ Testing

Depth (m) Type Results
Depth

(m)
Level
(m)

90.15

Legend Stratum Description

MADE GROUND: Brown subangular fine to coarse 
GRAVEL of sandstone.
(GRANULAR MADE GROUND)10.50 D

10.50 S 50 (4,3/50 for 245mm)

11.20 - 11.50

11.50 - 13.00

13.00 - 14.20

14.20 - 15.70

15.70 - 17.20

2

1

4

2

C

FI

93

84

91

95

77

TCR

40

48

58

68

35

30 
(25 
for 

125m
m/30 
for 

275m
m)

SCR

0

0

0

7

0

RQD

10.70

11.20

11.70

13.00

17.20

90.15

89.65

89.15

87.85

83.65

Medium strong grey fine grained SANDSTONE.
(COAL MEASURES)

Recovered as: subangular medium GRAVEL of 
grey fine grained SANDSTONE.
(COAL MEASURES)

11.5m unable to advance further into bedrock using 
percussive methods.  Borehole advanced using 
rotary cored methods.

Medium strong grey fine grained SANDSTONE, 
thinly to thickly cross laminated with very closely 
spaced cross laminations of dark grey 
mudstone. Discontinuities are closely spaced 
horizontal and vertical, planar, occasionally 
stepped, rough, closed with little grey sandy 
clay on surfaces.
(COAL MEASURES)

12.6m to 12.8m extremely closely spaced fractures; 
with up to 4mm of soft grey clay fill.

Medium strong dark grey MUDSTONE with very 
closely spaced thin laminations of grey siltstone. 
Discontinuities are very closely spaced 
horizontal, occasionally subvertical, planar, 
smooth, closed with a little grey clay on 
surfaces.
(COAL MEASURES)

13.0m to 13.3m very closely spaced fractures; 
recovered as slightly clayey subangular fine to 
medium gravel.
13.5m to 13.9m very closely spaced fractures with up 
to 2mm of grey clay fill and weakening of surrounding 
rock mass. Partly recovered as angular fine gravel.
14.3m to 14.35m mudstone is very weak.
14.7m to 14.75m mudstone is very weak.
15.1m coarse gravel sized clast of sandstone 
recovered in core.
From 16.0m fractures are very closely spaced.

End of Borehole at 17.200m

11

12

13

14

15

16

17

18

19

20

Borehole Log
Borehole No.

BH501
Sheet 2 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418246E - 425050N 
Hole Type

CP

Location: Cleckheaton Level: 100.85 m AOD
Scale
1:50

Client: Strata Homes Dates: 14/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 5.8m and rose to 
4.85m after 5 minutes.  3.  The borehole was advanced by chiselling from 10.7m to 11.0m (0.5 hours).



Well Water
Strikes

Sample and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.20

1.30

9.50

Level
(m)

96.00
95.80

94.70

86.50
86.30

Legend Stratum Description

MADE GROUND: Dark grey very sandy slightly silty 
subangular fine to medium GRAVEL of macadam and 
quartzite. Low subangular cobble content of brick.
(GRANULAR HARDCORE)
MADE GROUND: Dark brown sandy subangular fine to 
coarse GRAVEL of clinker, mudstone and occasional 
burnt shale, brick, concrete, mortar and pottery. Medium 
subangular cobble content of sandstone.  Sand is 
predominantly of ash.
(ASH & CLINKER)
MADE GROUND: Dark brown gravelly ash SAND. 
Gravel is angular to subrounded fine to coarse of clinker 
and mudstone.  Low subangular cobble content of brick 
and concrete.
(ASH & CLINKER)

5.3m little ingress of groundwater during drilling.
5.5m groundwater struck. Rose to 4.42m in 10 
minutes.

MADE GROUND: Grey and brown sandy subangular 

1

2

3

4

5

6

7

8

9

1.00 S N=5 (1,1/1,1,1,2)
1.20 D

2.00 D
2.00 S N=2 (2,1/1,0,0,1)

3.00 D
3.00 S N=7 (8,4/2,2,1,2)

4.00 D
4.00 S N=3 (1,1/1,1,0,1)

5.00 D
5.00 S N=5 (1,0/1,1,1,2)

6.00 D
6.00 S N=17 (1,1/1,6,6,4)

7.50 D
7.50 S N=17 (11,13/8,6,3,0)

9.00 D
9.00 S N=15 (2,3/4,4,3,4)

9.70 C 50 (25 for 90mm/50 for 
235mm)C

FI TCR

50 
(25 

SCR RQD

9.70
9.80

86.30
86.20

fine to coarse GRAVEL of sandstone and 
occasional mudstone. 10

Borehole Log
Borehole No.

BH502
Sheet 1 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418433E - 424993N 
Hole Type

CP

Location: Cleckheaton Level: 96.00 m AOD
Scale
1:50

Client: Strata Homes Dates: 14/09/2020
Logged By

GLM

Remarks
1. Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 5.5m and rose to
4.42m after 10 minutes. 3.  The borehole was advanced by chiselling from 9.7m to 10.2m (0.5 hours).



Well Water
Strikes

Depth
(m)

9.80 - 11.20

11.20 - 12.70

12.70 - 15.70

15.70 - 17.10

Type
/FI

10

1

1

2

2

Coring
TCR

85

90

49

94

SCR

65

53

19

28

for 
90m
m/50 
for 

235m
m)

RQD

37

0

0

0

Depth
(m)

11.80

12.70

17.10

Level
(m)

84.20

83.30

78.90

Legend Stratum Description

MADE GROUND: Grey and brown sandy 
subangular fine to coarse GRAVAEL of 
sandstone and occasional mudstone.
(GRANULAR MADE GROUND)
Medium strong grey fine grained SANDSTONE.
(COAL MEASURES)
Strong grey fine grained SANDSTONE with 
closely to very closely spaced laminations and 
cross laminations of dark grey siltstone. 
Discontinuneties are closely spaced horizontal 
and vertical, undulating, rough, closed with dark 
grey staining on surfaces and orangish brown 
staining penetrating up to 140mm.
(COAL MEASURES)

10.2m unable to advance further into bedrock using 
percussive methods.  Borehole advanced using 
rotary cored methods.
10.7m to 10.8m very closely spaced fractures. Partly 
recovered as angular medium gravel.
10.8m to 10.9m with thin beds of very closely 
fractured dark grey mudstone.
11.35m to 11.4m extremely closely spaced fractures 
with up to 4mm of grey sandy clay fill.

Weak dark grey thinly laminated MUDSTONE. 
Discontinuities are extremely closely spaced, 
horizontal, occasionally subvertical, planar, 
smooth, closed, clean.
(COAL MEASURES)

12.55m to 12.7m mudstone is extremely weak; partly 
recovered as firm grey clay with gravel of mudstone 
lithorelicts.

Moderately weak dark grey MUDSTONE with 
closely spaced thick laminations and thin beds 
of grey siltstone. Discontinuities are very closely 
spaced, horizontal and vertical, planar, smooth, 
closed with up to 1mm of soft grey clay on 
surfaces.
(COAL MEASURES)

13.6m to 13.75m mudstone is very weak with 
extremely closely spaced randomly orientated 
fractures with grey clay on surfaces.
16.1m to 16.2m mudstone is very weak.
16.6m to 17.0m single subvertical planar smooth 
closed clean fracture cuts core.

End of Borehole at 17.100m

11

12

13

14

15

16

17

18

19

20

Rotary Core Log
Borehole No.

BH502
Sheet 2 of 2

Project Name: Westgate, Cleckheaton Project No.
3043 Co-ords: 418433.45 - 424992.56 Hole Type

CP

Location: Cleckheaton Level: 96.00 Scale
1:50

Client: Strata Homes Dates: 14/09/2020 - 15/09/2020 Logged By
GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 5.5m and 
rose to 4.42m after 10 minutes. 3.  The borehole was advanced by chiselling from 9.7m to 10.2m (0.5 hours).



Well Water
Strikes

Sample and In Situ Testing

Depth (m) Type Results
Depth

(m)

2.00

6.70

9.00

Level
(m)

100.40

98.40

93.70

91.40

Legend Stratum Description

MADE GROUND: Dark brown clayey slightly sandy 
subangular fine to coarse GRAVEL of clinker, brick and 
mixed lithologies.
(ASH & CLINKER)

MADE GROUND: Dark brown gravelly slightly sandy 
CLAY. Gravel is angular to subrounded fine to coarse of 
sandstone, burnt shale, clinker, slag and occasional coal 
and concrete. With rare fragments of timber.
(COHESIVE MADE GROUND)

MADE GROUND: Brown gravelly CLAY. Gravel is 
subangular medium to coarse of sandstone and 
occasional brick.
(COHESIVE MADE GROUND)

Medium strong yellowish grey fine grained 

1

2

3

4

5

6

7

8

9

1.00 - 1.45 D
1.00 S N=9 (4,4/4,3,1,1)

2.00 - 2.45 D
2.00 S N=6 (3,2/2,2,1,1)

3.00 - 3.45 D
3.00 S N=1 (1,0/0,1,0,0)

4.00 - 4.45 D
4.00 S N=11 (6,4/3,3,3,2)

5.00 - 5.45 D
5.00 S N=5 (2,1/2,1,1,1)

6.00 - 6.45 D
6.00 S N=6 (1,2/1,2,1,2)

7.50 - 7.95 D
7.50 S N=9 (3,3/3,3,1,2)

8.00 - 9.45 D

9.00 C 50 (25 for 125mm/50 for 
265mm)

D

9.20 - 10.70

9.20 - 9.30 D

FI

76

TCR

67

SCR

29

RQD

9.20 SANDSTONE. Recovered as subangular fine 
gravel.
(COAL MEASURES)

9.2m unable to advance further into bedrock using 
percussive methods.  Borehole advanced using 10

Borehole Log
Borehole No.

BH503
Sheet 1 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418464E - 425120N 
Hole Type

CP

Location: Cleckheaton Level: 100.40 m AOD
Scale
1:50

Client: Strata Homes Dates: 15/09/2020
Logged By

RR

Remarks
1. Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was not apparent during drilling.



Well Water
Strikes

Depth
(m)

10.70 - 11.00

11.00 - 12.40

12.40 - 13.90

13.90 - 15.40

Type
/FI

6

1

2

1

Coring
TCR

97

67

63

68

SCR

57

36

32

41

RQD

0

8

0

0

Depth
(m)

11.40
11.60

12.40

15.40

Level
(m)

89.00
88.80

88.00

85.00

Legend Stratum Description

Medium strong yellowish grey fine grained 
SANDSTONE. Recovered as subangular fine 
gravel.
(COAL MEASURES)

9.2m unable to advance further into bedrock using 
percussive methods.  Borehole advanced using 
rotary cored methods.

Strong grey fine grained SANDSTONE with 
very closely spaced dark grey cross laminations 
of mudstone. Discontinuities are very closely to 
closely spaced horizontal, occasionally 
subhorizontal, undulating, rough, closed with 
dark grey staining on surfaces.
(COAL MEASURES)

9.2m with subangular gravel of brick and sandstone; 
result of disturbance during drilling & not in-situ 
materials.

Recovered as very  clayey fine GRAVEL of 
mudstone and siltstone.
(COAL MEASURES)
Moderately weak dark grey thinly to thickly 
laminated SILTSTONE. Discontinuities are 
extremely to very closely spaced horizontal and 
vertical planar, occasionally stepped, smooth, 
closed, predominantly clean, occasionally with 
up to 1mm of grey clay on surfaces.
(COAL MEASURES)

11.7m to 11.8m extremely closely spaced randomly 
orientated fractures with up to 5mm of soft grey clay 
will and weakening of surrounding rock for up to 
10mm. Partly recovered as clayey angular fine 
gravel.

Weak dark grey MUDSTONE with closely 
spaced thin laminations of grey siltstone. 
Discontinuities are extremely closely to very 
closely spaced, horizontal and vertical, planar, 
smooth, open (likely due to drilling) clean.
(COAL MEASURES)

12.4m to 14.5m partly recovered as subangular 
tabular fine to coarse gravel.
14.45m to 14.5m extremely closely spaced fractures 
with grey clay will and weakening of surrounding rock 
mass up to 8mm. Weakened rock degrades to clay 
with moderate effort when handled.
14.9m to 15.0m subvertical planar smooth open 
fracture with up to 30mm of grey gravelly clay fill cuts 
core.

End of Borehole at 15.400m

11

12

13

14

15

16

17

18

19

20

Rotary Core Log
Borehole No.

BH503
Sheet 2 of 2

Project Name: Westgate, Cleckheaton Project No.
3043 Co-ords: 418464.41 - 425120.19 Hole Type

CP

Location: Cleckheaton Level: 100.40 Scale
1:50

Client: Strata Homes Dates: 15/09/2020 Logged By
RR

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was not apparent during 
drilling.



Borehole Log
Borehole No.

BH504
Sheet 1 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418426.76 - 425027.10
Hole Type

CP

Location: Cleckheaton Level: 97.55
Scale
1:50

Client: Strata Homes Dates: 15/09/2020 - 15/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 7.5m and 
rose to 7.3m in 10 minutes.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.10

Level
(m)

97.45

Legend Stratum Description

MADE GROUND: Dark grey sandy subangular 
fine to medium GRAVEL of macadam.
(GRANULAR HARDCORE)
MADE GROUND: Brown slightly clayey ash 
SAND and subangular to subrounded fine to 
coarse GRAVEL of clinker and occasional brick, 
mudstone, coal and burnt shale.
(ASH & CLINKER)

7.5m groundwater struck. Rose to 7.30m in 10 minutes.

Continued on next sheet

1

2

3

4

5

6

7

8

9

10

1.00 N=2 (1,0/1,0,1,0)
1.20 D

2.00 D
2.00 N=7 (2,1/1,2,2,2)

3.00 D
3.00 N=7 (2,2/1,1,2,3)

4.00 D
4.00 N=6 (1,2/1,1,2,2)

5.00 D
5.00 N=6 (1,2/1,1,2,2)

6.00 D
6.00 N=7 (2,3/2,2,1,2)

7.50 D
7.50 N=13 (2,4/3,3,3,4)

9.00 D
9.00 N=7 (3,4/1,3,1,2)



Borehole Log
Borehole No.

BH504
Sheet 2 of 2

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418426.76 - 425027.10
Hole Type

CP

Location: Cleckheaton Level: 97.55
Scale
1:50

Client: Strata Homes Dates: 15/09/2020 - 15/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 7.5m and 
rose to 7.3m in 10 minutes.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

12.00

Level
(m)

85.55

Legend Stratum Description

End of borehole at 12.00 m
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10.50 D
10.50 N=17 (7,7/6,4,3,4)



Borehole Log
Borehole No.

BH505
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418482.43 - 425061.16
Hole Type

CP

Location: Cleckheaton Level: 98.90
Scale
1:50

Client: Strata Homes Dates: 15/09/2020 - 16/09/2020
Logged By

RR

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was not apparent during 
drilling.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

6.80

8.80

9.50

Level
(m)

92.10

90.10

89.40

Legend Stratum Description

MADE GROUND: Dark brownish grey sandy 
angular to subrounded fine to coarse GRAVEL of 
predominantly clinker, occasional mudstone, 
brick and slag and rare glass, concrete and 
glass. Sand includes ash.
(ASH & CLINKER)

MADE GROUND: Light yellowish brown gravelly 
CLAY. Gravel is subangular fine to coarse of 
sandstone and occasional burnt shale.
(COHESIVE MADE GROUND)

Medium strong yellowish grey fine grained 
SANDSTONE. Recovered as subangular fine 
gravel.

9.5m unable to advance further into bedrock using 
percussive methods.

End of borehole at 9.50 m
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4

5

6

7

8

9

10

1.00 N=26 (2,4/5,7,7,7)
1.00 - 1.45 D

2.00 N=0 (1,0/0,0,0,0)
2.00 - 2.45 D

3.00 N=0 (1,1/0,0,0,0)
3.00 - 3.45 D

4.00 N=4 (2,2/1,1,1,1)
4.00 - 4.45 D

5.00 N=4 (2,2/1,1,1,1)
5.00 - 5.45 D

6.00 N=8 (2,3/2,2,2,2)
6.00 - 6.45 D

7.50 N=8 (3,2/1,2,3,2)
7.50 - 7.95 D

9.00 N=50 
(10,12/15,15,16,4)

9.00 - 9.45 D



Borehole Log
Borehole No.

BH506
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418349.63 - 425045.48
Hole Type

CP

Location: Cleckheaton Level: 100.50
Scale
1:50

Client: Strata Homes Dates: 15/09/2020 - 16/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered at 7.5m and 
rose to 7.2m after 5 minutes.  3.  The borehole was advanced by chiselling from 0.9m to 1.1m (0.3 hrs).

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

1.70

2.30

4.30

9.00

Level
(m)

98.80

98.20

96.20

91.50

Legend Stratum Description

MADE GROUND: Gravelly slightly silty SAND. 
Gravel is subangular fine to coarse of brick and 
occasional concrete and mortar. Medium 
subangular cobble content of brick and 
sandstone. Some roots.
(GRANULAR MADE GROUND)

0.9m to 1.1m concrete obstruction chiselled through for c. 20 
minutes; likely boulder/buried floor slab.

MADE GROUND: Dark grey clayey medium 
SAND.
(GRANULAR MADE GROUND)

MADE GROUND: Red gravelly SAND. Gravel is 
subangular fine to clinker, slag and mudstone.
(GRANULAR MADE GROUND)

MADE GROUND: Stiff friable yellowish brown 
gravelly CLAY. Gravel is angular tabular fine of 
sandstone and occasional burnt shale, 
mudstone, clinker and brick.
(COHESIVE MADE GROUND)

7.5m groundwater struck. Rose to 7.2. in 5 minutes.

End of borehole at 9.00 m
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2.00 D
2.00 N=34 (5,6/7,7,9,11)

3.00 D
3.00 N=15 (6,9/6,3,3,3)

4.00 D
4.00 N=46 (6,9/9,9,9,19)

5.00 D
5.00 N=11 (4,3/3,3,3,2)

6.00 D
6.00 N=12 (3,3/3,4,2,3)

7.50 D
7.50 N=12 (6,6/3,3,3,3)

9.00 D
9.00 N=10 (3,2/2,3,2,3)



Borehole Log
Borehole No.

BH507
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418319.80 - 424933.95
Hole Type

CP

Location: Cleckheaton Level: 94.75
Scale
1:50

Client: Strata Homes Dates: 16/09/2020 - 16/09/2020
Logged By

RR

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered from 1.0m 
during drilling.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.50

1.20

3.60

4.40

Level
(m)

94.25

93.55

91.15

90.35

Legend Stratum Description

MADE GROUND: Grey mottled red slightly silty 
subangular fine to coarse GRAVEL of limestone, 
brick, concrete and mortar. With occasional 
gravel sized fragments of plastic. Low 
subangular cobble content of brick.
(GRANULAR MADE GROUND)
MADE GROUND: Dark grey very sandy gravelly 
CLAY/SILT. Sand includes ash. Gravel is 
subangular fine to medium or brick, concrete and 
clinker.
(COHESIVE MADE GROUND)

1.0m groundwater struck. Rose to 0.82m in 5 minutes.
MADE GROUND: Reddish brown slightly clayey 
slightly sandy angular to subangular fine to 
coarse GRAVEL of brick and occasional 
mudstone, sandstone and mortar. Likely with a 
high subangular cobble content of brick in-situ.
(GRANULAR MADE GROUND)

Very weak grey MUDSTONE. Becoming 
stronger with depth.
(COAL MEASURES)

4.4m unable to advance further into bedrock using 
percussive methods.

End of borehole at 4.40 m
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4

5

6
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1.00 N=9 (2,3/2,3,2,2)
1.00 - 1.45 D

2.00 N=19 (3,3/4,5,5,5)
2.00 - 2.45 D

3.00 N=19 (2,4/4,4,5,6)
3.00 - 3.45 D

4.00 50 (25 for 145mm/50 
for 255mm)

4.00 - 4.45 D



Borehole Log
Borehole No.

BH508
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418347.37 - 424933.57
Hole Type

CP

Location: Cleckheaton Level: 94.70
Scale
1:50

Client: Strata Homes Dates: 17/09/2020 - 17/09/2020
Logged By

RR

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was encountered from 3.2m 
during drilling.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.10

0.70

1.80

3.00

4.40

Level
(m)

94.60

94.00

92.90

91.70

90.30

Legend Stratum Description

Strong buffish grey CONCRETE. 60% aggregate 
of subangular to subrounded fine to medium 
gravel of mixed lithologies. 35% cement matrix. 
5% irregular small isolated voids. With 5mm 
steel reinforcement at base.
(CONCRETE)
MADE GROUND: Buff sandy subangular 
medium GRAVEL of limestone.
(SUB-BASE)
MADE GROUND: Firm blackish brown gravelly 
slightly sandy CLAY. Gravel is subangular to 
subrounded fine to coarse of mixed lithologies, 
clinker and brick.
(COHESIVE MADE GROUND)
Firm brown sandy CLAY. Rare subangular fine 
gravel of mixed lithologies and coal.
(COHESIVE ALLUVIUM)

Weak dark grey MUDSTONE.
(COAL MEASURES)

3.2m groundwater struck. Rose to 2.7m in 5 minutes.

End of borehole at 4.40 m
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1.00 N=5 (1,1/1,1,1,2)
1.00 - 1.45 D

2.00 N=14 (2,2/3,3,4,4)
2.00 - 2.45 D

2.50 - 2.95 U

3.00 N=46 (6,6/8,8,20,10)
3.00 - 3.45 D

4.00 N=50 
(12,12/12,12,14,12)

4.00 - 4.45 D



Borehole Log
Borehole No.

BH509
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418423.34 - 424941.10
Hole Type

CP

Location: Cleckheaton Level: 94.50
Scale
1:50

Client: Strata Homes Dates: 17/09/2020 - 17/09/2020
Logged By

RR

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.  2. Groundwater was not apparent during 
drilling.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

0.06
0.14
0.30

0.80

3.20

3.80

4.50

Level
(m)

94.44
94.36
94.20

93.70

91.30

90.70

90.00

Legend Stratum Description

Medium strong grey CONCRETE. 70% 
aggregate of subrounded fine gravel of mixed 
lithologies. 20% cement matrix. 10% irregular 
isolated small to medium voids.
(CONCRETE)
Strong grey CONCRETE. 65% aggregate of 
subrounded fine gravel of mixed lithologies. 35% 
sandy cement matrix. Rare irregular isolated 
small voids.
(CONCRETE)
MADE GROUND: Buff sandy subangular to 
subrounded fine to coarse GRAVEL of mixed 
lithologies; predominantly limestone.
(SUB-BASE)
MADE GROUND: Brown sandy gravelly CLAY. 
Gravel is subangular to subrounded fine to 
medium of clinker, concrete and brick.
(COHESIVE MADE GROUND)
Firm brown sandy slightly gravelly CLAY. Gravel 
is subrounded medium of sandstone.
(COHESIVE ALLUVIUM)
Brown clayey sandy angular tabular fine to 
medium GRAVEL of sandstone.
(GRANULAR RESIDUAL SOIL)

Moderately weak grey fine to medium grained 
SANDSTONE.
(COAL MEASURES)

4.2m groundwater struck. Rose to 1.88m in 5 minutes.

End of borehole at 4.50 m
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1.00 N=3 (1,1/1,0,1,1)
1.00 - 1.45 D

2.00 - 2.45 U

2.45 - 2.70 D

2.70 - 3.15 U

3.20 N=25 (7,8/8,7,5,5)
3.20 - 3.65 D

4.00 48 (,25/48 for 
255mm)

4.00 - 4.45 D
4.30 50 (25 for 145mm/50 

for 255mm)
4.50 D



Borehole Log
Borehole No.

PH501
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418485.04 - 425151.91
Hole Type

PH

Location: Cleckheaton Level: 100.10
Scale
1:50

Client: Strata Homes Dates: 22/09/2020 - 22/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.

Well Water 
Strikes

Samples and In Situ Testing

Depth (m) Type Results
Depth

(m)

2.40

9.00

Level
(m)

97.70

91.10

Legend Stratum Description

MADE GROUND. Veneer of cobbles at surface.
(COHESIVE MADE GROUND)

Buff SANDSTONE.
(COAL MEASURES)

End of borehole at 9.00 m
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Borehole Log
Borehole No.

PH502
Sheet 1 of 1

Project Name: Westgate, Cleckheaton
Project No.
3043

Co-ords: 418511.61 - 425028.38
Hole Type

PH

Location: Cleckheaton Level: 92.95
Scale
1:50

Client: Strata Homes Dates: 22/09/2020 - 22/09/2020
Logged By

GLM

Remarks
1.  Prior to drilling a Cable Avoidance Tool (CAT) survey was carried out.
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End of borehole at 9.00 m
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End of borehole at 6.00 m
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SOLID
(COAL MEASURES)

Flush lost during drilling through made ground.

End of borehole at 12.00 m
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SOLID
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Flush lost during drilling through made ground.

End of borehole at 12.00 m
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Solid.
(COAL MEASURES)

Flush lost during drilling through made ground.

End of borehole at 15.00 m
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Location: Cleckheaton Level: 99.75
Scale
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Client: Strata Homes Dates: 23/09/2020 - 23/09/2020
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MADE GROUND.
(GRANULAR MADE GROUND)

Buff SANDSTONE.
(COAL MEASURES)
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MADE GROUND.
(COHESIVE MADE GROUND)

Yellowish brown sandy CLAY.
(WEATHERED COAL MEASURES)

Buff SANDSTONE.
(COAL MEASURES)

End of borehole at 9.00 m
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Buff SANDSTONE.
(COAL MEASURES)

End of borehole at 12.00 m
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MADE GROUND.
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(COAL MEASURES)

End of borehole at 9.00 m
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End of borehole at 12.00 m
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End of borehole at 9.00 m
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MADE GROUND.
(GRANULAR MADE GROUND)

Buff SANDSTONE.
(COAL MEASURES)

End of borehole at 7.50 m
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MADE GROUND.
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(COAL MEASURES)

End of borehole at 5.00 m
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MADE GROUND.
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(COAL MEASURES)

End of borehole at 8.00 m
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APPENDIX E 
EA GUIDANCE: DECOMMISSIONING REDUNDANT BOREHOLES AND WELLS 



 

 
Good practice for decommissioning  
redundant boreholes and wells    October 2012 

 
What's the purpose of this guidance? 

Redundant boreholes and wells must be dealt with appropriately to make them safe and secure, and 

also to ensure they don't cause groundwater pollution or loss of water supplies. This guidance focuses 

on groundwater protection aspects but there are many other important factors owners and developers 

need to consider when designing and carrying out decommissioning works. These will be site specific, 

depending on the situation and intended afteruse. For example, boreholes near landfills or other 

sources of soil gas may require an opening to the air to prevent the build-up of noxious, explosive or 

flammable gas. Therefore, you should seek expert site-specific advice.  

Legal framework 

The Environment Agency (EA) has a duty to promote the sustainable use of water and to ensure it is 

protected from pollution. The Environmental Permitting (England and Wales) Regulations 2010 require 

the EA to take all necessary measures to prevent input of so called hazardous substances (for 

example pesticides) and limit the input of other non-hazardous pollutants (such as nitrate) into 

groundwater*, including for example contaminated run-off directly entering groundwater via an 

uncapped borehole. 

*Groundwater is defined as water that is below the surface of the ground in the saturated zone and is 
in direct contact with the ground or subsoil. 

Why is it important to decommission properly? 

Boreholes and wells are constructed for a variety of purposes including water supply, de-watering 

excavations, collecting geological information, investigating or sampling soils and groundwater and, 

increasingly, for ground source heating and cooling and geothermal (non-carbon) energy production. 

Many old water wells and boreholes are redundant as most properties are now connected to a mains 

water supply.  

Improperly abandoned boreholes and wells can provide preferential pathways for groundwater or 

contaminant movement. This may result in the contamination of groundwater, the mixing of 

groundwaters of variable quality from different aquifers, or contribute to the loss of aquifer yield and 

water pressure (referred to as the potentiometric or piezometric head) as groundwater flows out of the 

system. This can threaten the availability and quality of groundwater resources for other users and 

potentially have an impacts on wetlands. Abandoned boreholes and wells can also present a physical 

hazard to people and property. 

Artesian boreholes (where groundwater at depth in a 'confined aquifer' is at sufficient pressure to 

cause water to discharge either at the ground surface or into another overlying aquifer without any 

pumping) can be particularly problematic. They require special attention to prevent uncontrolled 

discharge of groundwater or cross-contamination of different aquifer units. 

Therefore, site owners need to ensure that redundant boreholes and wells are made both safe and 

structurally stable, and also backfilled or sealed to prevent groundwater pollution and flow of water 



 

between different aquifer units. This is particularly important where other potable groundwater supplies 

are at risk. 

However, in certain circumstances they may be adapted for use as a groundwater monitoring facility.   
You must not use wells or boreholes as soakaways for foul or surface water drainage because 

they provide a direct discharge route into groundwater and, as such, pose a risk of  

groundwater pollution.  

This is prohibited by the Environmental Permitting (England & Wales) Regulations 2010. 

Firstly, what are the construction details? 

When considering how best to backfill and seal a borehole or well, or whether it could be adapted for 

monitoring purposes – you should first obtain information on the geological strata encountered by the 

borehole and how it was constructed (including depth, diameter and casing details). These can usually 

be obtained from site records or the original driller’s log; the British Geological Survey holds the 

national water well archive and other borehole databases.  

Is the site suitable for groundwater monitoring?  

There are many good reasons for collecting groundwater samples or measuring groundwater levels; 

the information can, for example, help to validate the success of any remedial works being undertaken 

on a contaminated land site. Therefore, before decommissioning a borehole you should consider 

whether you wish to retain it as a monitoring facility. If it is to fulfil part of a planning condition or other 

legal monitoring requirement you may wish to discuss the details of how you do this with the 

Environment Agency.  

If not, it is still worth contacting us via our National Customer Contact Centre (NCCC) to check whether 

we would be interested in incorporating it into our strategic groundwater level or quality monitoring 

networks.  

If the borehole is not going to be converted then it should be abandoned using the guidelines below 

and the British Geological Survey should be informed. 



 

Decommissioning  

Each situation is different in terms of its location, geological setting, borehole construction, dimensions, 

hazards and, very importantly, intended site afteruse. Therefore the most appropriate abandonment 

procedure will vary from site to site. It is strongly recommended that you engage the services of a 

proficient well contractor with a good knowledge of the local geology and well abandonment 

procedures. For large boreholes and wells you may need to seek engineering advice. (Note that 

structural aspects are outside the scope of this guidance.) 

 

Soil

Gravel

Sandstone

Clay

Cement, grout

or concrete

Permeable fill

Well packer

Solid casing

A

Monitoring 

Borehole

B

Backfilled to

mimic geology

C

Low

permeability

backfill

D

Wide diameter

borehole with

bridging seal

Slotted casing

Figure 1: Schematic options (B–D) for decommissioning wells and boreholes
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Step 1 - Defining the objectives 

When planning the decommissioning works, in addition to any site specific afteruse considerations, the 

method should address the following objectives: 

• Remove the hazard of an open hole (safety issues). 

• Prevent the borehole acting as a conduit for contamination of groundwater. 

• Prevent the mixing of contaminated and uncontaminated groundwater from different 

aquifers. 

• Prevent the flow of groundwater from one geological horizon to another. 

• Prevent the wastage of groundwater from the overflow of artesian boreholes. 

Step 2 - Removing headworks and casing 

It is crucial to ensure that the borehole or well is free from all obstructions that may interfere with the 

sealing of the hole. In particular, the pump and pipework should be removed, together with any other 

infrastructure (dip tubes etc). 

The condition of any borehole casing and grout must be examined to ascertain whether its retention in 

the hole would prejudice any of the objectives of the abandonment. For many holes, examination of the 

casing from the ground surface will be adequate. However, deep boreholes may require the use of 

closed-circuit television (CCTV) to examine the casing at depth. 

Where the casing has corroded or broken, or the grouting has failed, depending on the setting it may 

be necessary to remove those materials to prevent any flow of groundwater around the outside of the 

borehole. However, this is not without its own risks since removal of the well casing can result in 

collapse of the borehole walls (particularly in unconsolidated materials) and possible subsidence at 

ground level. If the well casing needs to be removed, a specialist well contractor can advise on 

appropriate techniques and associated risks. 

Step 3 - Backfilling  

General considerations 

For most purposes the ground should be restored as closely as possible to its pre-drilled condition. The 

borehole or well should be backfilled with clean (washed), uncontaminated materials so that the 

permeability of the selected materials are similar to the properties of the geological strata against which 

they are placed. The backfilled borehole will then mimic the surrounding natural strata and 

groundwater flow and quality will be protected. 

Restoration will require a variety of materials to be used so that permeable aggregates (for example 

pea gravel and sand) are positioned adjacent to aquifer horizons, whilst low permeability materials 

(usually clay, bentonite cement grout, or concrete) are positioned adjacent to low permeability horizons 

(see Fig. 1(B)). Alternatively, the entire borehole or well can be backfilled with low permeability 



 

materials that will prevent significant vertical or horizontal movement of groundwater through or along 

the borehole (see Fig. 1(C)). 

The backfill materials must be clean, inert and non-polluting. Suitable materials include pea gravel, 

sand, shingle, concrete, bentonite, cement grout and uncontaminated rock. There are also a range of 

recycled products, like crushed glass, on the market that are designed for use in boreholes  

IMPORTANT - Never use backfill materials that can cause pollution. 

You should also consider the geochemical environment into which these materials will be placed, as 

the behaviour of materials may change under different environmental conditions (for example, iron-rich 

sands may contaminate the aquifer; phenol contamination may prevent bentonite grouts curing). 

Aggregates (pea gravel, shingle, sand etc) should be selected such that they have a grain size that 

allows easy delivery into the borehole and should be introduced in a controlled manner to ensure that 

accidental ‘bridging’ does not occur within the borehole. Concrete and grouts that are introduced in a 

liquid form should be introduced through an appropriate delivery pipe (e.g. tremie pipe), to ensure that 

voids do not form. Note: It is good practice to monitor the volume of backfill material that is being 

emplaced, compared to that calculated at the design stage, to check if bridging within the borehole, or 

loss to the formation is occurring.  

Boreholes that penetrate highly fissured aquifers, such as some limestones and gypsum bearing units, 

present additional problems. Liquid grouts (particularly those injected under pressure), or fine-grained 

aggregates (e.g. sand) may be transported out of the borehole into the body of the aquifer through 

fissures. Careful monitoring of the process is required if these techniques are used, and in these cases 

it may be more appropriate to use coarser aggregates such as gravel as a backfill. 

Deep and large diameter boreholes/wells 

When dealing with very deep or large diameter boreholes and wells (note, this does not apply to mine 

shafts), the volume of the hole may be considerable. In such circumstances it may be appropriate to 

adopt an alternative approach to completely backfilling the void, as long as this will not prejudice any of 

the design objectives.  

Provided that the long-term structural stability of the borehole can be demonstrated, it may be possible 

to place a permanent bridging seal within the borehole and then to infill above this level using the 

approach summarised above (see Fig. 1(D)). The bridging seal should ideally be positioned below the 

lowest aquifer horizon. However, where this is not possible, it is important that the open borehole 

beneath the bridging seal penetrates no more than a single aquifer unit, thereby preventing the flow of 

groundwater between different aquifers. 

The material commonly used as a bridging seal is cement, although a combination of a mechanical 

plug (packer) and cement can be used. Cement seals must be allowed to set (cure) in place before 

backfilling is continued and completed.  

Again, this is a specialist area of work that requires high standards of design and workmanship to 

ensure an effective permanent seal is achieved. 



 

Artesian boreholes 

For artesian boreholes, the decommissioning process should aim to confine the groundwater to the 

aquifer from which it came – in order to prevent loss of confining pressure and the loss of water 

resources to the surface or other formations. 

The first step is to control the artesian flow. There are a number of ways to accomplish this depending, 

in part, on the water pressure in the confined aquifer and the depth to which the water level must be 

lowered. These include: 

• Pumping the borehole to produce the necessary drawdown. 

• Pumping nearby boreholes. 

• Extending the casing above ground level beyond the elevation to which water will rise in the 

borehole. (the potentiometric or piezometric surface). 

• Introducing dense, non-polluting fluids into the borehole. 

• Introducing a pre-cast plug at an appropriate level within the hole. 

• Using an inflatable packer and pressure grouting the void space below it. 

In aquifers that have large seasonal fluctuations in water level, decommissioning artesian boreholes is 

likely to be easiest in late summer, when groundwater levels and artesian flows are at their lowest.  

The importance of the potential pathways in and around the casing should also be considered.  

Decommissioning artesian boreholes is a specialist job and requires expert advice. 

Step 4 - Sealing the top of the borehole 

The backfilled borehole/well should be completed with an impermeable plug and cap to prevent entry 

of potentially contaminated surface run-off or other liquids. The top two metres should be filled with 

cement, concrete or bentonite grout. A concrete cap of suitable strength, with a diameter at least one 

metre greater than the width of the backfilled borehole (see Fig. 2), should then be installed. The exact 

finished depth of this cap will depend on the setting and planned afteruse of the site. It should be at 

least 2 metres below plough depth in agricultural areas and at least 1 metre below formation level for 

sites proposed for redevelopment. Never build structures directly onto well caps or linings. 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic diagram for borehole seal and cap 

Step 5 - Recording details and informing others 

You should keep an accurate record of the abandonment details for future reference, including: 

• The reasons for abandonment (for example water quality problems). 

• Measurement of groundwater level prior to backfilling. 

• The depth and position of each layer of backfilling and sealing materials. 

• The type and quantity of backfilling and sealing materials used. 

• Any changes made to the borehole/well during the abandonment (for example casing 

removal). 

• Any problems encountered during the abandonment procedure. 

The location of abandoned borehole and wells should be clearly marked on site records This is 

essential where any part of the well has not been filled.  

It is also very good practice to mark or deeply inscribe well caps with the word "WELL”. Even if done 

crudely it can avoid considerable risk, delay or uncertainty in the event of the structure being 

discovered during excavation by others in the future, who may not otherwise know what the feature is.  

Always notify the Environment Agency and British Geological Survey of the abandoned well location 

and structure. 

 



 

Conversion to soakaways 

Wells and boreholes should not be converted to soakaways, as these allow the direct discharge of 

pollutants into groundwater without any potential for attenuation, and will often result in groundwater 

pollution. The direct discharge of hazardous substances to groundwater, via a borehole, is effectively 

prohibited by the Environmental Permitting (England & Wales) Regulations 2010, and the pollution risk 

from any direct discharge of non-hazardous pollutants, such as sewage effluent, is so great as to make 

it highly unlikely to be acceptable. 

Further advice and guidance  

It is recommended that the advice of a specialist well contractor should always be sought, Details can 

be obtained from: 

• The British Drilling Association. Wayside, London End, Upper Boddington, Daventry, 

Northamptonshire, NN11 6DP. Tel: 01327 264 622, email: 

office@britishdrillingassociation.co.uk 

The Environment Agency cannot provide an advisory service on decommissioning individual boreholes 

and wells but your local Groundwater & Contaminated Land team may have some generic advice to 

help you; and would appreciate a copy of your abandonment details. They can be contacted via our 

National Customer Contact Centre (NCCC) 

• Environment Agency NCCC Tel: 03708 506 506 

The British Geological Survey are the national custodian of water well records in addition to other 

borehole records and geological information. They may have a record of the borehole or well you are 

dealing with, and will be interested in the abandonment details 

• British Geological Survey. National Geosciences Data Centre (NGDC), Keyworth, 

Nottingham, NG12 5GG. Tel: 0115 936 3143. 

Useful references 

• Environment Agency GP3 (Groundwater Protection Principles and Practice) 

http://www.environment-agency.gov.uk/research/library/publications/40741.aspx 

• American Society for Test and Materials (ASTM) D5299 - 99(2005) Standard Guide for 

Decommissioning of Ground Water Wells, Vadose Zone Monitoring Devices, Boreholes, and 

Other Devices for Environmental Activities 

• Driscoll, F.G., 1986. Groundwater and Wells. Second Edition, Johnson Division. 

Note: This guidance supersedes the document ' Good practice for decommissioning redundant 
boreholes and wells' produced by our former National Groundwater and Contaminated Land Centre 
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	1 INTRODUCTION
	1.1 The commission and brief
	1.1.1 Lithos Consulting Limited have been commissioned by Strata Homes Ltd to prepare a Remediation Strategy for land off Westgate, Cleckheaton.
	1.1.2 Lithos have already issued the following reports:
	1.1.3 The appointed Remediation Contractor will need to familiarise themselves with the above Reports, and comply with all relevant recommendations contained therein.
	1.1.4 This remediation strategy is highly dependant on site levels, particularly in Area A & B.  Recommendations in this report are based on proposed finished floor levels detailed on Eastwood & Partners’ Drawing 45538/001, Rev B, dated 24th November ...
	1.1.5 This document outlines the remediation objectives necessary to protect environmental receptors, and render the site suitable for the proposed development.  A Method Statement should be prepared in order to detail how the objectives will be achie...
	1.1.6 The Method Statement should be accompanied by a Designer's Risk Assessment in accordance with the CDM Regulations, 2015.  The Method Statement and Risk Assessment should be submitted to, and approved by Strata’s Site Manager.

	1.2 The proposed development
	1.2.1 The proposed residential development comprises a total of 200 ‘traditional’ two/three storey domestic dwellings with associated gardens and adoptable roads and sewers, as shown on Strata’s Drawing 18-CL2-SEGB-WE-01 Rev L (a copy of which is pres...
	1.2.2 The houses will be founded on shallow strip or deepened trench fill foundations where made ground is less than 2.5m thick (c. 40% of the total site area) and where underlying natural soils comprise weathered Coal Measures (not Alluvium).  Piled ...
	1.2.3 Access to the development will be from Westgate in the north.
	1.2.4 It is understood that a planning submission has not yet been made.
	1.2.5


	2 Background
	2.1 Site description
	2.1.1 Site details are summarised below.
	2.1.2 The site can be considered as four distinct areas; each area is shown on Drawing 3043/3.  Areas are based on former land uses which still dominate the current site features.  The areas are as follows:
	2.1.3 A location plan and current salient features are shown on Drawings 3043/1 and 3043/3 in Appendix A.

	2.2 Ground investigation
	2.2.1 Fieldwork was supervised by Lithos in two phases; the first (exploratory) phase was completed from the 9th to the 15th January 2019; the second (supplementary) phase was completed between the 14th and 23rd September 2020 and comprised the explor...
	2.2.2 For ease of reference holes advanced in 2019 have been referenced in a ‘400’ series whilst exploratory holes advanced in 2020 have been referenced in a ‘500’ series.
	2.2.3 Made Ground has been encountered across the entirety of Area A to depths of between 1.3m (TP436) and 10.7m (BH501).  The made ground generally comprises granular and cohesive made ground, with some burnt shale, brickfill and filter sands.
	2.2.4 Made Ground has been encountered across Area B to between 0.4m (TT428) and greater than 3.5m (TP524).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.2.5 Made Ground has been encountered in Area C to between 0.8m (TP404) and 12.0m (BH504) and generally comprises granular made ground with ash & clinker.
	2.2.6 Made Ground has been encountered across Area D to between 0.6m (TP517) and 9.0m (BH506).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.2.7 Approximate depths of made ground is shown on Drawing 3043/10 in Appendix A.
	Reservoir
	2.2.8 According to historical OS plans, a former reservoir occupied an area of c. 1,000m2, in the north-west of Area B.  Anecdotal evidence suggests that the reservoir was associated with the chemical works rather than the former mills.
	2.2.9 A total of 7 trial pits and one trial trench were advanced within and adjacent to the backfilled reservoir.
	2.2.10 Major inflows of groundwater prevented deep trenching in the reservoir.  Similarly, inflows of groundwater prevented the base and all extents of the reservoir being identified.  However, 3rd party holes by AIG suggest the reservoir extends to d...
	2.2.11 Natural ground was encountered in most exploratory locations across the site and generally comprised Cohesive and Granular Residual Soils (weathered bedrock).
	2.2.12 Competent Coal Measures bedrock was recorded below residual soils in all areas comprising Sandstone and Mudstone.
	2.2.13 Whilst not mapped, evidence of Alluvium drift deposits was recorded in the south adjacent to Blacup Beck.
	2.2.14 Groundwater was encountered within the majority of exploratory holes excavated across Areas D and B as seepages and inflows from around 2.0m; most notably in the south (Area B).
	2.2.15 Excavations in Areas A & C generally remained drier, with groundwater ingress comprising relatively minor seepages where encountered.
	2.2.16 Based on groundwater monitoring to date, levels fluctuate across the entire site from 96mAOD to 101mAOD.
	2.2.17 Historic monitoring of installations sealed in the Clifton Rock Sandstone, indicated a groundwater level of c. 90mAOD.
	2.2.18 Two discrete water tables are considered likely within the Coal Measures (GW1 & GW2).
	2.2.19 Whilst the geological map indicates the entire site is directly underlain by the Clifton Rock Sandstone, exploratory logs suggest that relatively thin Sandstone bands are separated by Mudstone.  The low permeable Mudstone can lead to groundwate...
	2.2.20 A third possible groundwater table was recorded in BH507, 508 & 509 adjacent to Blacup Beck.  In all cases groundwater appears to be flowing to the south with topography.
	2.2.21 Historical plans and previous reports show that buildings have been present across around 35% of the site area.  Furthermore, concrete hardstand, which is typically 0.2m thick, covers approximately 12,000m2.
	2.2.22 Drawing 3043/4 shows the footprints of the former structures, and areas of hardstand.
	2.2.23 Trial pits were excavated along the lines of former building foundations, beneath former concrete slabs and along the line of former tanks.
	2.2.24 Numerous obstructions were encountered from ground level to depths of 2.5m, including former walls, former basement floors and former tanks.
	2.2.25 A list of below ground obstructions encountered are provided in the table below.
	2.2.26 Given the above, it is apparent that whilst some former buildings have been demolished (although several still remain), substantial foundations, bases etc remain below ground.
	2.2.27 In addition, masonry boulders and stone lintels were encountered, most notably within the Granular Made Ground (Area B & D) and Brickfill (Areas A & B).  It is estimated that within these made ground types, approximately 30% of the material is ...
	2.2.28 There is deep made ground across much of the site and an area of landfill is located just beyond the southern boundary.
	2.2.29 Gas monitoring is ongoing and on completion a hazardous gas risk assessment will be issued.  At this stage, based on current monitoring data, Amber 1 protection is likely.
	2.2.30 There is also the potential for organic vapours to be present which can influence ground gas concentrations and, over time, degrade gas protection membranes.  Concentrations of organic vapours have only been identified in Area A.
	2.2.31 Earthworks regrade will provide an opportunity to identify and remediate organic contamination that could result in a vapour risk and reduce the degradable fraction of made ground during turnover.   This is detailed further in section 6.0 below.
	2.2.32 The potential impact of remediation and the presence of vapours should be included in the final gas risk assessment.
	2.2.33 An assessment of potential contaminants associated with the former uses has been undertaken, anticipated potential contaminants, within soil and/or groundwater include:
	2.2.34 Targeted sampling of made ground and groundwater has confirmed the presence of metals (predominantly arsenic, lead and zinc), localised areas of petroleum products, possible tars and associated indictor compounds, as well as benzene, naphthalen...
	2.2.35 Elevated concentrations of elemental sulphur were recorded in Area A and given the likely production of sulphuric acid, higher concentrations are anticipated.  Whilst Sulphur has not been considered as a health or controlled waters risk, it wil...
	2.2.36 Concentrations of volatile and semi-volatile organic compounds were also recorded, predominantly in Area A, although in most cases these may be attributed to leaching from coal tar.  These included low levels of trimethylbenzene, tert-butylbenz...
	2.2.37 Extensive ground investigation has been undertaken both to assess the potential for contamination and to consider geotechnical constraints.  Whilst areas of gross contamination have not been identified and concentrations of contaminants do not ...
	2.2.38 The identification of volatile organic compounds in groundwater, particularly in Area A, supports the likelihood of the presence of source material that has not yet fully been identified.
	2.2.39 It is considered highly likely that these source areas will be encountered during earthworks. Therefore, this risk assessment has been developed to manage the identified risks and to be pre-emptive of anticipated source material based on previo...
	2.2.40 Furthermore, significant cut and fill is likely to be required to provide a suitable development platform.  The depth to contamination will influence the risk to future site residents and groundwater / surface water.  This risk assessment consi...
	2.2.41 Given the volume of made ground, it would not be possible to simply isolate made ground below areas of hardstanding.  Therefore, it was recommended in the Geoenvironmental Appraisal (Lithos Report 3043/2B) that a 1,000mm soil cover, underlain b...
	2.2.42 The inclusion of a break layer and clean cover in garden and landscaped areas effectively breaks the direct contact pathways (ingestion, dermal contact & inhalation of dust).
	2.2.43 Assessment of the site investigation data enabled formulation of a conceptual model, which is presented as Drawing 3043/9 in Appendix A.


	3 RISK ASSESSMENT & TARGET CONCENTRATIONS
	3.1.1 A Quantitative Risk Assessment (QRA) has been undertaken to assess the risks posed by ground contamination to future site residents and controlled waters.
	3.1.2 Plausible contaminant linkages include potential risks to:
	3.1.3 Remedial target concentrations for soils have been derived.  These concentrations should be used as a “clean-up” criteria during the required remediation works.
	3.1.4 Site-specific remedial target concentrations for health should be applied to all Areas (A to D) but only to the uppermost 2m of material placed below development formation levels.
	3.1.5 Remedial targets levels for protection of controlled waters only apply to Area A & B (as shown on Drawing 3043/3) and only to material placed at or below 97mAOD.  Drawing 3043/15 included in Appendix A shows the relevant remediation levels in co...
	3.1.6 During remediation works and validation sampling, careful consideration should be given to the source of any exceedances and whether determinants are likely to be in a form that is volatile, or locked within a matrix, such as coal fragments.  Wh...
	3.1.7 It is envisaged that vapour monitoring would typically follow a three-step approach:
	3.1.8 The need for insitu vapour monitoring may also be identified where it is impractical to excavate and treat impacted soils, i.e. due to high groundwater or instability.
	3.1.9 The total allowable soil concentration in the remedial targets table above may result in a much lower screening value than would actually present a vapour risk and this is why the option of vapour monitoring is important in the remediation desig...
	3.1.10 Further detail on the timings and application of vapour monitoring is included in Section 7.23 below.
	3.1.11 It is understood that Blacup Beck will be diverted as part of the development.  However, the travel distance from Areas A & B to the Beck is minimal and would not reasonably result in any significant dilution or attenuation of contaminants.
	3.1.12 Details of the diversion are not known, but it has been assumed that this would not result in large sections of the Beck being placed in culvert as this is usually discouraged to increase the habitat potential of the watercourse.  If it transpi...
	3.1.13 In terms of the proposed redevelopment, a summary of plausible contaminant linkages are summarised below, along with feasible mitigation measures.

	4 REMEDIATION PREPARATION
	4.1 Remediation Options Appraisal
	4.1.1 There is still some uncertainty regarding the extent of contamination that could be encountered.  This uncertainty cannot be removed by further ground investigation given the current access limitations, undulating ground levels, highly heterogen...
	4.1.2 However, the type of contamination likely to be encountered can be reasonably predicted based on the site’s history and contamination identified to date in soils and groundwater.
	4.1.3 The final remediation solution is likely to involve a range of techniques.  Remediation options worthy of further consideration based on current site data are summarised below:

	4.2 Mobile Plant Permit
	4.2.1 Grossly contaminated soil/fill predominantly from Areas A, B & C is considered suitable for treatment on site using one or more of the techniques discussed in the remedial options appraisal in Section 4.1 above.  It is anticipated that the volum...
	4.2.2 However, it cannot be assumed that all remediation treatment activities will be acceptable to the Environment Agency, even where these are shown to successfully address the contamination present on site.
	4.2.3 The EA will consider the impacts of nuisance on adjacent residents when reviewing a submitted Deployment Form.  Whilst Best Practicable Means must be employed at all times during on-site treatment, to minimise dust, odour and VOC generation, thi...

	4.3 Management of unknowns
	4.3.1 Whilst extensive ground investigation has been undertaken across the site some uncertainties remain.  It is highly unlikely that even with further intensive phases of ground investigation, these uncertainties would be addressed.
	4.3.2 The remediation tasks detailed in Section 7 should provide a framework for addressing uncertainties as these arise.
	4.3.3 Uncertainties include:


	5 EARTHWORKS LEVELS, REGRADE & ANTICIPATED FOUNDATIONS
	5.1 The Geoenvironmental Appraisal Report (Ref. 3043/2b, dated November 2020) indicates the following foundation solutions are likely to be most appropriate (subject to the Strata’s preferences regarding site preparatory works, final levels & costs as...
	5.2 The foundation options summarised above assume that ground levels will not change significantly from those existing at the time of the ground investigation.
	5.3 Final site levels will be determined by Strata, in conjunction with their Earthworks Contractor and Engineering Designer.  However, early indications suggest the development will be plateaued from existing ground levels in the north (approx. 101mA...
	5.4 Furthermore, extensive excavation to remove obstructions and treat contamination are anticipated in all Areas.  Given the extensive earthworks there may be opportunities to replace remediated made ground in engineered layers.
	5.5 The final plot specific foundation solution is likely to be concluded on completion of the site preparatory and remediation earthworks.  However, it is anticipated that this would still involve a combination of shallow and piled foundations.
	5.6 Any digital terrain modelling undertaken by the Earthworks Contractor should be designed with a view to enabling a “materials balance” (i.e. volume of cut to broadly equals the volume of fill), and be made available to Strata’s Engineering Designe...
	5.7 Final site levels should then be issued by the Engineering Designer, via an External Works Drawing, which should show:

	6 REMEDIATION STRATEGY (General)
	6.1 Aims
	6.1.1 Remediation aims are to:

	6.2 Overview
	6.2.1 The following remediation works are required:

	6.3 Site set-up, organisation and safety
	6.3.1 Site cabins and welfare facilities are to be established at a location to be agreed with the Engineer and Strata’s Site Manager.  All welfare facilities must be established in accordance with the relevant health & safety statutory requirements. ...
	6.3.2 All site personnel should undergo a site-specific health and safety induction prior to commencement of work on site.
	6.3.3 Strata’s Site Manager should be informed prior to any proposed entry of a confined space or deep excavation.  Entry must be restricted to suitably qualified and equipped personnel.
	6.3.4 Access into excavations etc. must be controlled and undertaken in accordance with the CDM Regulations 2015, most notably Regulation 22, to mitigate risk of collapse or asphyxiation.
	6.3.5 During the remediation works, all personnel on site will comply with guidance provided in the Health and Safety Executive (HSE) document “Protection of Workers and the General Public during the Redevelopment of Contaminated Land”.  In summary, t...
	6.3.6 If at any time during the works personnel begin to feel unwell, they are to inform the Engineer or Strata’s Site Manager, who will determine appropriate action.
	6.3.7 All visitors to site must enter and register at the main Site Office.

	6.4 Contractor’s responsibilities
	6.4.1 Prior to the commencement of any works the Contractor, in agreement with Strata’s Site Manager and, where appropriate, Geoenvironmental Engineer, should:
	6.4.2 The Contractor should satisfy the Health & Safety Executive with regard to all matters concerning the health, safety and welfare of persons on the site.
	6.4.3 The Contractor should ensure that:

	6.5 Materials Management Plan
	6.5.1 This project will involve the re-use of both natural and made ground soils on site and the import of natural soils from another development site(s).  Therefore, the Contractor will need to prepare a Materials Management Plan (MMP) in accordance ...
	6.5.2 The MMP will document how all of the materials to be excavated during the proposed site preparatory and remediation earthworks are to be dealt with.  In summary the MMP should provide:
	6.5.3 The MMP should include consideration of the following factors:
	6.5.4 The MMP should also detail how materials will be tracked throughout the earthworks in order that the subsequent Verification Report can provide an auditable trail.  The tracking system must include:
	6.5.5 Finally, the MMP will have to set out a Verification Plan that identifies how the placement of materials is to be recorded and the quantities of material to be used.  It will contain a statement on how the use of the materials relate to the reme...
	6.5.6 Once completed, the MMP will need to be reviewed by a Qualified Person (QP), who will submit an online Declaration to CL:AIRE and send a copy to Strata.  It should be noted that in accordance with the Code of Practice, Lithos cannot act as the Q...

	6.6 Engineering supervision and verification
	6.6.1 Site works should be supervised throughout by a suitably qualified Geoenvironmental Engineer, who will report to a Project Manager.  Supervision may be part-time for certain activities, but must be full-time during the removal of any grossly con...
	6.6.2 Supervision for all engineered backfill would also be prudent.
	6.6.3 The Engineer will ensure that the requirements of this Remediation Strategy are complied with in a safe and orderly manner.
	6.6.4 The responsibilities of the Engineer should include, but not be limited to, the following:
	6.6.5 The Engineer, or Strata Site Manager in the absence of the Engineer, will maintain records of the works to include the following:
	6.6.6 On satisfactory completion of all the works the Engineer will prepare a Verification Report, in accordance with the Environment Agency’s online guidance “Land Contamination Risk Management” which replaced CLR11 in October 2020.  Copies of the Ve...
	6.6.7 The Verification Report will stand as certification that the remediation and ground preparatory works have been carried out in accordance with this Remediation Strategy.
	6.6.8 The Verification Report will include:
	6.6.9 The Verification Report will also provide recommendations with respect to:
	6.6.10 The above recommendations will take account of the actual remediation works undertaken, and may differ significantly from recommendations originally presented in the site investigation report.


	7 REMEDIATION STRATEGY (specific objectives)
	7.1 Managing unexpected contamination
	7.1.1 Even after an appropriate preliminary investigation and ground investigation, with exploratory holes on a closely spaced grid (say trial pits at 30m centres), a geoenvironmental appraisal is typically based on inspection of the ground underlying...
	7.1.2 Groundwater monitoring at Westgate indicates the presence of contamination, particularly in Area A & C, which was not reflected by soil sample data and further unidentified contamination is likely.
	7.1.3 Where unanticipated ground contamination is encountered during the remediation works, the Contractor should immediately seek further advice from the Engineer.
	7.1.4 In order to assess the nature of any unanticipated grossly contaminated soil/fill, and (if necessary) allow revision of this Strategy document, it should be placed in temporary stockpiles on hardstand or Visqueen, suitably covered and bunded.
	7.1.5 Analysis of at least 6 samples, for an appropriate range of determinands should be undertaken.  On receipt of the results, the Engineer will liaise with the Contractor regarding the most appropriate remediation option.

	7.2 Japanese Knotweed
	7.2.1 An invasive weeds survey has not been undertaken; however, it is likely that knotweed could be present on site.  A formal survey should be undertaken prior to site clearance.
	7.2.2 Knotweed treatment/removal will be required prior to redevelopment, and should be undertaken in accordance with Environment Agency guidance, most notably ‘Managing Japanese knotweed on development sites – the knotweed code of practice’ (Environm...
	7.2.3 Treatment/removal should be undertaken by a suitably qualified sub-contractor, and options include:
	7.2.4 If treatment is required, consideration should be given to programme and seasonal implications.

	7.3 Site clearance
	7.3.1 Any trees currently under a preservation order should be identified and agreed with relevant authorities prior to the commencement of the works.  All trees subject to a TPO should be clearly identified and protected by fencing in accordance with...
	7.3.2 The site should then be cleared of all residual debris, any vegetation, shrubs, bushes and unprotected trees as instructed by Strata.
	7.3.3 Localised Topsoil was identified however this was found to be impacted by inorganic determinants and was noted to have a sulphurous odour.  Topsoil on site is not suitable for use in garden areas, but might be suitable for use in landscaped area...
	7.3.4 Topsoil should be stripped and stockpiled separately from made ground arisings.  It is likely that further testing would be advocated by the Engineer to determine the extent and location of reuse, or indeed confirm the need for of site disposal.
	7.3.5 Topsoil would not be suitable for direct transfer to another development site.

	7.4 Asbestos
	7.4.1 Current legislation (as outlined in HSG 264) requires a pre-demolition (formerly Type 3) asbestos survey to be undertaken, immediately prior to demolition of any building.  The Contractor should request a copy of the survey report from Strata.  ...
	7.4.2 Localised fragments of asbestos cement sheeting were recorded in the ground investigation, predominantly at surface, and should be anticipated during the site remediation and preparatory works.  All suspected asbestos-containing material should ...
	7.4.3 An asbestos ID (screen) was scheduled on 77 samples of made ground, with asbestos identified in 4 samples.  Only one of these samples yielded amounts of asbestos above the limit of measurement (<0.001%).  Given the heterogeneity of made ground, ...
	7.4.4 However, provided soils are kept damp the risk of airborne fibre release, even during disturbance associated with excavation, should be negligible, and certainly below the control limit (as set by the Control of Asbestos Regulations 2012) of 0.1...
	7.4.5 Any made ground soils where asbestos is positively identified and considered representative of near-surface soils, will ultimately be isolated beneath the proposed minimum 1,000mm thick surface cover of “clean” soil (garden/landscaped areas), or...

	7.5 Demolition
	7.5.1 Demolition works should commence on completion of asbestos removal and a "soft-strip" of the existing buildings.
	7.5.2 Existing buildings should be demolished in a safe and controlled manner.
	7.5.3 All demolition operations should conform to BS 6187:2011 Code of Practice for Demolition.  All personnel working on these operations should be fully qualified to do so.
	7.5.4 A detailed Method Statement specific to the project must be prepared by the Contractor and submitted to Strata .  The Method Statement should also be submitted to, and approved by, the Engineer and the Local Authority.
	7.5.5 Once buildings have been demolished, all surface hardstand and floor slabs should be grubbed-up and stored in a location on site, to be agreed with the Engineer, prior to crushing (see Section 6.15).   Any unsuitable materials should be removed ...

	7.6 Supplementary ground investigation
	7.6.1 Lithos Geoenvironmental investigation report recommended some supplementary post demolition investigation once areas of hardstanding are grubbed-up.  However, given successful remediation of this site requires turnover of up to 3m of made ground...

	7.7 Decommissioning of boreholes
	7.7.1 BHs 501 to 509 & PH501 to 520 (excluding PH503 & 504) are currently being monitored monthly for groundwater levels and ground gas.  Monitoring should be completed in April 2021, before groundworks commence.  This will allow information, particul...
	7.7.2 Continued monitoring of BH502, 508 & 509 along the southern boundary is recommended at weekly intervals during remediation in Area A and the former reservoir in Area B to identify any contaminant movement toward the beck (see Section 7.12).  The...
	7.7.3 All monitoring wells should ultimately be decommissioned once no longer needed, in order to prevent the possibility of contamination in made ground migrating into the deep aquifer (Groundwater Body2); see Drawing 3043/9.
	7.7.4 Decommissioning should be undertaken during excavation and turnover of made ground by carefully removing soils around each borehole and removing the upper section of pipework to excavated levels, filling the remaining well with gravel and then b...
	7.7.5 If wells were decommissioned in advance of earthworks, the sealed pipework would likely be pulled from the ground.  (Once pipework is removed, the probability of successfully finding and decommissioning the open borehole is low).
	7.7.6 Treatment of the wells should be undertaken in accordance with the EA guidance document "Decommissioning Redundant Boreholes & Wells" included in Appendix E.

	7.8 Turnover of made ground
	7.8.1 Turnover (excavation, screening/sorting and replacement in engineered layers, with compaction) of the full thickness of made ground, or a minimum of 3m, is required in all Areas in order:
	7.8.2 Further details of specific operations associated with turnover are described in the following sections.

	7.9 General excavation
	7.9.1 Excavation of made ground will be undertaken in a controlled manner, working from a line agreed with the Engineer in linear panels.
	7.9.2 Excavated material should be removed from each panel and screened to remove oversize (> 200mm) and other unsuitable (e.g. anthropogenic or biodegradable materials), prior to replacement, or treatment under a mobile plant permit (see section 4.2).
	7.9.3 Each panel should be inspected by the Engineer, and have its depth and extent recorded by survey, prior to backfilling (see Section 6.25).
	7.9.4 Any excavated and screened material that needs to be stockpiled temporarily should be placed in areas designated by the Engineer.  Any stockpile of made ground should be assumed to contain elevated concentrations of inorganic contaminants, and i...

	7.10 Site regrade
	7.10.1 Regrade of site is anticipated to facilitate the proposed housing layout.  It is understood that Strata will require the appointed earthworks contractor to undertake digital terrain modelling, with a view to:
	7.10.2 Earthworks modelling should consider the possibility of using site-won subsoil as cover material (subject to the Engineer’s approval see Section 6.24), and how excess foundation and drainage arisings will be accommodated.

	7.11 Tank/treatment chambers
	7.11.1 A number of former tanks are shown on historic maps within Area A.  It is believed that some were below ground storage tanks, possibly containing coal tar.  Others were treatment chambers for the production of sulphuric acid (likely lead-lined).
	7.11.2 Each tank should be carefully identified and emptied of any residual product, purged of potentially explosive vapour, and safely disposed of from the site by an appropriately qualified and licensed contractor.
	7.11.3 Some treatment chambers may have been constructed with an outer layer of brick or concrete.  This brick / concrete should be visually inspected to establish the degree of impregnated oily contamination to decide if it is suitable for retention,...
	7.11.4 Any underground distribution pipe work should be purged of any residual product and explosive vapours and then carefully removed.
	7.11.5 The Engineer will inspect the resultant excavations, and supervise the chasing-out of any grossly contaminated soil/fill encountered (see Section 6.12).

	7.12 Excavation of soil/fill with organic contamination
	7.12.1 Lithos advocates the removal\treatment of soils that contain significant free product.  This is because all risk assessment models assume there is no free product so do not accurately consider the risk.  Also free product is considered a primar...
	7.12.2 In this context, significant free product would be readily identifiable to the naked eye, and pervasive throughout the soil mass, probably with noticeable seepages.  Traces of free product in fissures or localised, cobble-sized pockets, would n...
	7.12.3 No evidence of significant areas of free product or extensive areas of hydrocarbon contamination have been recorded to date.  However, the possibility that localised ‘pockets’ will be encountered during the site preparatory works is reasonably ...
	7.12.4 Fuel contaminated material identified, should be excavated under the full-time supervision of the Engineer, who will be equipped with a portable PID instrument to assist with delineation.
	7.12.5 Following excavation of the grossly contaminated ground, the Engineer will inspect and sample the resultant excavations.
	7.12.6 A minimum of 5 verification samples should be taken from the excavation sidewalls and base.  These samples should be tested for TOC, speciated PAH & speciated TPH.  Analysis for other determinands, likely SVOC and VOCs in Area A, may be appropr...
	7.12.7 In larger excavations, additional verification samples should be taken from the exposed excavation surfaces on a 10m grid.
	7.12.8 The Engineer will instruct continued removal of soil/fill if verification samples yield concentrations in excess of the clean-up criteria outlined in Section 3.
	7.12.9 Excavations should not be left open for longer than is necessary, and should be securely cordoned-off using 2m high Heras-type fencing, with appropriate warning signs whenever excavation works are suspended.
	7.12.10 Excavated contaminated soils should either be treated or disposed of off-site; see Sections 6.26 and 6.27 respectively.
	7.12.11 On completion of tank/soil removal, excavations are to be backfilled (see Section 6.16).
	7.12.12 Areas of gross organic contamination are anticipated in Area A and within the reservoir in Area B.  As both are likely to be in hydraulic connectivity with Blacup Beck via shallow groundwater, it is recommended that groundwater monitoring is p...
	7.12.13 Monitoring wells are already installed in BHs 502, 508 & 509 along the southern boundary between the Beck, Area A and the reservoir.  During excavation of made ground, removal and treatment of source areas, these boreholes should be monitored ...
	7.12.14 No compliance limits are proposed, monitoring is solely intended to consider trends in contaminant loading and provide an early indication of mobilisation of contaminants in the groundwater.
	7.12.15 If an increase in contaminant loading in groundwater is identified, excavation works should stop, and the process be reviewed.  This could include:
	7.12.16 Groundwater monitoring is not considered necessary during remediation and excavation of made ground across the wider site.
	7.12.17 Once remediation of the reservoir and Area A is complete the three monitoring boreholes should be decommissioned (see Section 7.7).

	7.13 Control of water
	7.13.1 Surface water sampling, both up and down gradient has been undertaken on three occasions.  No elevated concentrations of determinants were recorded during any sampling round, suggesting a low mobility of site contamination.
	7.13.2 However, site preparatory earthworks and remediation can result in mobilisation of contamination either via groundwater flow or sediment discharge.
	7.13.3 Groundwater is likely to be encountered, particularly following periods of high rainfall.  Drawing 3043/15, included in Appendix A shows where excavations are most likely to encounter water.
	7.13.4 Groundwater should be controlled in accordance with CIRIA report 113 “Control of Groundwater for Temporary Works”.
	7.13.5 Arrangements should be made to prevent ponding in any excavation “hollows”; the Contractor should ensure that ground levels are of sufficient gradient to enable the collection of surface water run-off in sumps or grips.
	7.13.6 Pumping from over-excavated sumps may be required to maintain satisfactory working conditions.
	7.13.7 The Contractor should make all necessary arrangements to prevent off-site migration of contaminated sediment via surface water run-off, and avoid any pollution of Blacup Beck.  This will necessitate the installation of surface water grips, and ...
	7.13.8 A Surface Water Management Plan should be prepared with input with the Contractor, to describe the mitigation measures that will be put in place to intercept direct run-off from any disturbed areas, stockpiles etc, thereby preventing any potent...
	7.13.9 The gradient on the development site and the location of the beck at the lowest point on site will make management of surface water problematic.  The SWMP should consider a phased method of mitigation along several plateaus, with separate colle...
	7.13.10 It is quite likely that perched waters and shallow groundwater will also be encountered during the remediation earthworks; most commonly associated with redundant drains, buried structures and below groundwater resting levels (97mAOD to 95mAOD).
	7.13.11 Some groundwater may be contaminated with hydrocarbons and\or VOCs, such as those encountered in the reservoir.
	7.13.12 It should be noted that significantly elevated concentrations of hydrocarbons and heavy metals are often associated with sediment within the former drainage network below brownfield sites such as this, and that these, if released, pose potenti...
	7.13.13 Any potentially contaminated water should not be allowed to escape to other areas until the results of the analysis are available and, if required, a suitable means of water treatment has been agreed.
	7.13.14 Water collected water should be passed through a series of oil/water separators to remove any oily contamination.  Oils trapped in the absorbent medium should be disposed of to a suitably licensed landfill site.
	7.13.15 Treated water should then be tankered off-site, or be discharged to sewer, subject to analytical results and Yorkshire Water consent.
	7.13.16 No active pumping or treatment of groundwater for contamination, beyond managing water in excavations, is recommended.
	7.13.17 Dewatering associated with construction activities is no longer automatically exempt from the Water Abstraction and Impoundment (Exemptions) Regulations 2017 (WAIR 2017).  A permit may be required if:
	7.13.18 If excavations cannot be programmed to coincide with lower groundwater levels, discussions may be needed with the Environment Agency to confirm WAIR 2017 does not apply or secure an exemption.

	7.14 Removal of below ground obstructions
	7.14.1 All foundations associated with existing buildings and other relict structures should be chased out and grubbed-up, in order to remove potential obstructions to new foundations and infrastructure.
	7.14.2 Where relict structures are found to retain fluid contaminants, they should be drained first.  The drained fluids should be stored in appropriate, sealed tanks/containers and analysed for a range of determinands to be agreed with the Engineer. ...
	7.14.3 Deep excavations for the removal of structures etc will be unstable in the short term and continuous side support will be necessary.
	7.14.4 Where significantly deep foundations (e.g. piles) cannot be removed by conventional means, they are to be cut at a depth to be agreed with the Engineer and the position of the remaining lower section is to be accurately recorded by survey.
	7.14.5 Suitable materials derived from grubbing-up should be stored in a location on site, to be agreed with the Engineer, prior to crushing (see Section 6.15).   Any unsuitable materials should be removed to a suitably licensed landfill site (see Sec...
	7.14.6 It is anticipated that much of the grubbed-up concrete and brick arisings in Area A will be coated by contaminants.  Consideration could be given to steam-cleaning of these arisings in order to generate material suitable for crushing and re-use...

	7.15 Management of stockpiles
	7.15.1 Materials management across all four areas will be critical to secure successful remediation and earthworks.  The physical and chemical properties of material generated from excavations will determinate where this can be reused, and where / wha...
	7.15.2 It is strongly recommended that separate stockpiles / storage areas are established for;
	7.15.3 See also comments in Section 7.17 regarding sulphate-rich made ground in Area A.
	7.15.4 Clean naturally occurring topsoil and subsoil should not be imported and stockpiled on site until these can be placed in a remediated location, away from ongoing earthworks to avoid the potential for cross contamination (see section 7.25).

	7.16 Crushing
	7.16.1 Production of a selected granular fill should be possible if suitable materials (generated by demolition operations and grubbing-up of floor slabs, foundations and other relict structures) are crushed.
	7.16.2 The crushed product should be screened to remove any unsuitable elements and stockpiled for re-use during the subsequent construction works.  Generation of a Class 6 material as defined in the Highways Agency Specification (Series 600) should b...
	7.16.3 Tarmac could be recycled and crushed to yield a 6F3 selected granular material, provided the recovered bitumen content is less than 10% (determined in accordance with BS598-1:2011).  Alternatively, crushed tarmac could also be blended with crus...
	7.16.4 The Engineer should check the suitability of crushed product for re-use, instruct the removal of any unsuitable material and schedule appropriate confirmatory geotechnical or chemical testing.
	7.16.5 It should be possible to generate other secondary aggregates from crushed concrete provided it is subject to good sorting prior to crushing and thereby contains little ‘impurity’ (e.g. brick, breeze block, wood, re-bar etc).  The Contractor sho...
	7.16.6 A minimum of 3 samples (or 1 sample per 500m3, whichever is the greater) should be taken from any stockpile of specific crushed product and sent to a UKAS accredited laboratory for analysis to assess whether the material conforms to requirement...

	7.17 Backfill of excavations
	7.17.1 As discussed in Section 2.2, elevated concentrations of elemental sulphur were recorded in Area A.  Sulphur will oxidise rapidly to sulphate and this can influence concrete mixes.  The potential for particularly high sulphate concentrations sho...
	7.17.2 Made Ground from Area A should be retained in this Area, not used across Area B, C or D to prevent the need for protective concrete mixes across the entire site.  Where made ground cannot be retained in Area A additional supplementary testing f...
	7.17.3 Excavations (to remove tanks, relict structures, contamination etc) should be backfilled as necessary to achieve the desired levels, with suitable materials and compacted in accordance with Lithos’ Protocol for the placement of non-engineered f...
	7.17.4 However, where an excavation conflicts with the footprint of a proposed highway, compaction in accordance with the Specification for Highway Works will be required (see Section 6.22).
	7.17.5 Trenches for services including site drainage and water supply should be cut over size in order to isolate pipe materials from potential contaminants and to enable maintenance to be conducted in "clean" material.
	7.17.6 The site surface should be initially left approx. 1,200mm below proposed finished garden levels to allow for placement of 1,000mm cover and 200mm piling mat.  In areas of highways the ground surface will be left approximately 600mm below finish...
	7.17.7 Excavated arisings will be inspected by the Engineer in areas of suspected contamination, and any suspicious material or material yielding evidence of significant contamination (based on visual\olfactory observations), will be placed in tempora...
	7.17.8 Any material considered unsuitable for use as backfill will either be treated on-site (see Section 6.26), or be exported from site (see Section 6.27).

	7.18 “Clean” corridors
	7.18.1 Along the line of proposed new sewers (and within the footprint of a proposed attenuation tank), made ground will be excavated to its full thickness, or at least 1.0m below deepest sewer invert whichever is the lesser, to a width agreed with St...
	7.18.2 The resultant excavation will only be backfilled with “clean” material which might comprise any of:

	7.19 Placement of a granular running layer & piling mat
	7.19.1 A minimum 200mm thickness of suitable granular fill (ie a “blanket” of 6F2) could be placed along the line of proposed haul roads to provide a firm and stable running layer for the subsequent construction works.
	7.19.2 Ground conditions at this site are considered likely to require provision of a piling mat (working platform) and further advice should be sought from the appointed specialist-piling contractor regarding the proposed plant loadings and resulting...
	7.19.3 The design of working platforms for tracked plant is a geotechnical design process and should be carried out by a competent person.  The following parties should have input into the design:

	7.20 Highways
	7.20.1 The Contractor should consult the adopting authority regarding preparation of the ground beneath new highways (as outlined below, or in any proposed alternative specification) in advance of the works.  The Contractor should also agree acceptabl...
	7.20.2 However, it is considered that the following options would be suitable to enable the construction of the highways.
	7.20.3 Made ground should be excavated from beneath new highway footprints to a maximum of depth of 3.0m - from existing ground level or proposed highway formation, whichever is the lower.  Highways should then be raised to formation level, either with:
	7.20.4 Some refinement of the above advice might be possible after highways design (with consideration of the proposed formation level cf existing ground level), and via inspection (and usually CBR testing) of the proposed formation during site prepar...
	7.20.5 Any residual made ground materials in the base of the excavation (i.e. in areas where the thickness of made ground exceeds 3m) should be inspected and (where necessary) any soft spots removed and replaced with suitable engineered fill.
	7.20.6 In the footprint of proposed highways, the contractor, under supervision, must ensure that relict obstructions are removed to a minimum of 500mm below deepest sewer invert.  The resultant sub-formation should then be proof rolled, in accordance...
	7.20.7 If deep backfilled basements (Area A) and backfilled quarries (east of Area B & south of Area C) conflict with new highways, further advice should be sought from the Engineer responsible for detailed infrastructure design.  However, where highw...
	7.20.8 A minimum length of 5m either side of the highwall should be treated to the above specification, although the final specification should be agreed with the adopting authority.
	7.20.9 Crushing of demolition/hardstand/foundation arisings will generate aggregate, which (subject to confirmatory testing) should be suitable for use as unbound pavement materials within the highways.
	7.20.10 The suitability of site-won material for placement as engineered fill should be confirmed by field trials and geotechnical laboratory testing, which will yield the following information:
	7.20.11 The engineered fill should achieve at least 95% maximum dry density, with air voids comprising less than 10%, as determined by 2.5kg laboratory compaction tests.
	7.20.12 Where the made ground is re-engineered in accordance with the above specification, it is considered that a CBR value of 5% should be achievable; however, this should be verified by field trials.
	7.20.13 The Contractor will arrange for the necessary compliance testing to be undertaken at formation level on road alignments, as required by the adopting authority and Engineer.  As a minimum this should comprise plate load tests, carried out to de...

	7.21 Boundary issues
	7.21.1 Strata’s Designer should ensure that proposed levels tie in with the surrounding infrastructure, and ground levels of adjacent properties (after allowance for the placement of any required soil cover).  It is understood the development incorpor...
	7.21.2 Advice should be sought from the Engineer if mobile contamination or redundant drains/utilities are encountered close to the site’s boundaries.  This is likely to be particularly important on the northern boundary of Area A, where historic maps...

	7.22 Surveying
	7.22.1 The Contractor should arrange for the following survey work as directed by the Engineer:
	7.22.2 The Contractor should supply the results of this survey work (disc & hard copy) to the Engineer for inclusion in the Verification Report.

	7.23 On-site treatment of contamination
	7.23.1 Hydrocarbon contaminated material is considered likely to be suitable for treatment on site, although some export to landfill is anticipated (see Section 6.27).
	7.23.2 Excavated soils should be screened, to remove oversize (concrete and brick), and the remaining fines hauled to a treatment area.
	7.23.3 Within an impacted mass, contaminant concentrations are likely to vary significantly, and segregation of very heavily contaminated material from less contaminated material may not be practical.  However, deliberate “overdig” of soil that has no...
	7.23.4 The treatment area, irrespective of treatment technique should be formed on an impermeable composite liner (clay with polythene membrane, or HDPE sheeting, or concrete hardstand) in an area of site agreed with the Engineer, ideally away from re...
	7.23.5 A lined collection trench should be constructed along the width of the treatment area, within the bund, to collect rainwater runoff and leachate.  This water should then be passed through the water treatment tanks prior to disposal to sewer (se...
	7.23.6 Validation samples should be taken at a minimum rate of 1 composite sample per 200m3 of treated soil (with a minimum of 6 samples if the volume treated is less than 1,200m3).   Chemical analysis of these samples at a minimum of weekly intervals...
	7.23.7 A windrow/stockpile will be deemed to have been successfully treated once two consecutive sampling rounds yield mean concentrations of all the contaminants of concern below agreed clean-up criteria (see Section 3 and Appendix C).
	7.23.8 Treated soils should be placed in accordance with recommendations in the detail risk assessment as summarised in Section 3, with remediation depths also shown on Drawing 3043/15 (cross section of Areas A & B)
	7.23.9 Retention and re-use of treated material on site must be undertaken in accordance with the principles of the CL:AIRE Code of Practice (v2, March 2011); i.e. the treated material must be suitable for use, at this site consideration must be given...
	7.23.10 Once a decision on how the hydrocarbon contamination will be dealt with has been made (i.e. stabilisation/bioremediation or landfill), this should be set out in the Contractor’s Method Statement, a copy of which should be kept on site and made...

	7.24 Export to landfill
	7.24.1 Excavation arisings that are unsuitable for retention and re-use on site should be placed in temporary stockpiles on hardstand or polythene sheeting and be suitably covered to minimise the potential for dust/odour nuisance, and prevent surface ...
	7.24.2 Any material exported from site to landfill should be hauled by a registered waste carrier in accordance with the requirements of the Waste Regulations 2011 and the Landfill (England & Wales) Regulations 2002.
	7.24.3 A transfer note should be completed, signed and retained by the parties involved. The transfer note should include the volume of waste, the nature of the material and a statement of its chemical composition, details of the source and destinatio...
	7.24.4 In order to protect the general public from dust and vapour emissions, wagons that are to be used for the haulage of the contaminated material from the site must be sheeted.  In addition, the Contractor must ensure that no fluids seep from the ...
	7.24.5 In order to provide the landfill facility with information regarding chemical composition of the waste, further analysis of any material that requires removal from site may be required.
	7.24.6 Characterisation of stockpiled materials generated during the site preparatory works will be required if off-site disposal is proposed.
	7.24.7 It should be noted that the classification and assessment of waste soils under the Environment Agency’s Technical Guidance WM30F , is a complex process and this is different to classification under a Waste Acceptance Criteria (WAC) test require...
	7.24.8 It is critical if material is to be exported from site that this is allocated an appropriate waste code, following the steps within WM3.  It is highly likely that material on this site will fall under various waste codes (not all material will ...
	7.24.9 Waste carriers transporting, and sites accepting, this material should have a corresponding code within their permits.  It is the responsibility of those generating the waste (i.e. the developer), to ensure that the waste is handled and dispose...
	7.24.10 With respect to asbestos, waste soils will be classed hazardous if the soil mass contains more than 0.1% asbestos fibres that are free and dispersed.  However, WM3 states that where the waste contains identifiable pieces of asbestos (i.e. any ...
	7.24.11 Some localised areas of tarmac hardstand is present in Area D.
	7.24.12 This tarmac could be recycled and crushed to yield a 6F3 selected granular material, provided the recovered bitumen content is less than 10% (determined in accordance with BS598-1:2011).  Crushed tarmac could also be blended with crushed concr...
	7.24.13 However, if off-site disposal is anticipated, tarmac assessment is based on the amount of coal tar present, this will vary depending on the age of the tarmac.  The assessment is based on the amount of benzo(a)pyrene, and has a concertation lim...
	7.24.14 Lithos could undertake the WM3 assessment once export waste streams have been identified.

	7.25 Placement of soil cover
	7.25.1 Clean inert soil will be placed over the made ground in proposed garden and landscaped areas (but not beneath hardstanding).  This cover layer is to comprise a minimum 1,000mm of “clean” subsoil and topsoil.
	7.25.2 Some natural strata suitable for use as subsoil may be sourced on site by excavation of the uppermost 500mm or so of natural soils beneath made ground during earthworks.  This could generate a sufficient volume of ‘clean’ subsoil for placement ...
	7.25.3 This subsoil would be best placed during the construction phase; i.e. it should be left in stockpile(s) on completion of the site preparatory works, subject to the Engineer’s approval.
	7.25.4 However, if a soil inversion to source subsoil is undertaken, careful earthworks modelling would be required to ensure made ground, with concentrations above the controlled waters site specific screening value, is placed at depths in excess of ...
	7.25.5 Material imported for use as cover should be validated in accordance with Lithos’ Protocol for Soil Importation, copied in Appendix B.  This Protocol includes chemical assessment criteria which should not be exceeded.
	7.25.6 This work may be undertaken as part of the contract for the preparatory & remediation works, in which case imported soils should be stockpiled in a location agreed with the Engineer.  Alternatively, the developer may choose to import soil at a ...
	7.25.7 In all cases it is best practice to confirm the suitability of topsoil and subsoil, prior to importing to site.

	7.26 Hazardous gas protection
	7.26.1 Gas monitoring is still ongoing, a detailed gas risk assessment letter will be issued on completion, however current data indicates the site is likely to be classified as Amber 1.  Monitoring is also periodically being undertaken for organic va...
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	1 INTRODUCTION
	1.1 The commission and brief
	1.1.1 Lithos Consulting Limited (Lithos), have been commissioned by Strata Homes Ltd to assess risks associated soil-gas conditions beneath land off Westgate, Cleckheaton.
	1.1.2 Lithos have already issued the following reports:
	1.1.3 This document reviews soil-gas conditions, assesses risks and details any mitigation measures required to render the site suitable for the proposed development.
	1.1.4 This gas risk assessment has been prepared based on the data collected by Lithos over a 7-month period during which time 9 separate soil-gas monitoring visits have been undertaken. Lithos also undertook vapour monitoring during 2 visits using a ...
	1.1.5 Historic monitoring data was collected by AIG (6 visits over 2 months in 1999) and Encia (2 visits over 2 months in 2004) but this has not been referenced in this assessment since data was only collected across a short monitoring period and woul...
	1.1.6 This gas risk assessment has been undertaken in general accordance with current UK guidance, most notably CIRIA Report C665 (2006): Assessing risks posed by hazardous ground gases to buildings, and BS8485:2015+A1:2019 – Code of Practice for the ...

	1.2 The proposed development
	1.2.1 The proposed development comprises a total of 200 ‘traditional’ two/three storey domestic dwellings with associated gardens and adoptable roads and sewers, as shown on Strata’s Drawing 18-CL2-SEGB-WE-01 Rev L (a copy of which is presented in App...
	1.2.2 Piled foundations are likely to be required for the majority of two and three storey dwellings constructed on site (c. 60%), largely due to deep made ground and soft Alluvial deposits.  However, where made ground is less than 2.5m thick (c. 40% ...
	1.2.3 Consequently, the gas regime has been characterised in accordance with the Situation B (NHBC Traffic Lights) methodology outlined in CIRIA Report C665.
	1.2.4 Access to the development will be from Westgate in the north.
	1.2.5 It is understood that a planning submission has not yet been made.  However, this report has been produced to support any future application.


	2  BACKGROUND
	2.1 General
	2.1.1 In order to accurately quantify perceived risks associated with the gas hazard at this site it is necessary to have a full understanding of the soil-gas regime present.  This requires consideration of the site’s environmental setting and ground ...
	2.1.2 However, for ease of reference a summary of the pertinent details, in relation to understanding the soil-gas regime, is provided in the following sections.

	2.2 Site description
	2.2.1 Site details are summarised below.
	2.2.2 A location plan and current salient features are shown on Drawings 3043/1 and 3043/3 in Appendix B.
	2.2.3 The site can be considered as four distinct areas; each area is shown on Drawing 3043/3.  Areas are based on former land uses which still dominate the current site features.  The areas are as follows:

	2.3 Environmental setting
	2.3.1 Search responses received from the Coal Authority, Landmark, Kirklees MBC, the BGS and the Environment Agency have been referred to in order to assess the site’s environmental setting, which is summarised below.
	2.3.2 The Environment Agency do not hold any records of known areas of landfill in, or within 250m of, the site’s boundary.
	2.3.3 However, information provided by Kirklees MBC to Encia in 2004 (further expanded in Lithos report 3043/2b) suggests that a refuse tip is located immediately beyond the southern boundary, although this is not shown on historical maps, BGS maps or...

	2.4 Ground conditions
	2.4.1 Ground conditions, particularly elements relevant to gas issues, i.e. Putrescible/organic deposits are summarised below.
	2.4.2 Made Ground has been encountered across Area A to depths of between 1.3m (TP436) and 10.7m (BH501).  The made ground generally comprises granular and cohesive made ground, with some burnt shale, brickfill and filter sands.
	2.4.3 Made Ground has been encountered across Area B to between 0.4m (TT428) and greater than 3.5m (TP524).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.4.4 Made Ground has been encountered in Area C to between 0.8m (TP404) and 12.0m (BH504) and generally comprises granular made ground with ash & clinker.
	2.4.5 Made Ground has been encountered across Area D to between 0.6m (TP517) and 9.0m (BH506).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.4.6 Approximate depths of made ground is shown on Drawing 3043/10 in Appendix A.
	Reservoir
	2.4.7 According to historical OS plans, a former reservoir occupied an area of c. 1,000m2, in the north-west of Area B.  Anecdotal evidence suggests that the reservoir was associated with the chemical works rather than the former mills.
	2.4.8 A total of 7 trial pits and one trial trench were advanced within and adjacent to the backfilled reservoir.
	2.4.9 Major inflows of groundwater prevented deep trenching in the reservoir.  Similarly, inflows of groundwater prevented the base and all extents of the reservoir being identified.  However, 3rd party holes advanced by AIG suggest the reservoir exte...
	2.4.10 Natural ground was encountered in most exploratory locations across the site and generally comprised Cohesive and Granular Residual Soils (weathered bedrock).
	2.4.11 Competent Coal Measures bedrock was recorded below residual soils in all areas, comprising Sandstone and Mudstone.
	2.4.12 Whilst not mapped, evidence of Alluvial drift deposits was recorded in the south adjacent to Blacup Beck.
	2.4.13 Groundwater was encountered within the majority of exploratory holes excavated across Areas D & B as seepages and inflows from around 2.0m; most notably in the south (Area B).
	2.4.14 Excavations in Areas A & C generally remained drier, with groundwater ingress comprising relatively minor seepages where encountered.
	2.4.15 Based on groundwater monitoring, levels fluctuate across the entire site from 96mAOD to 101mAOD.
	2.4.16 Historic monitoring of installations sealed in the Clifton Rock Sandstone, indicated a groundwater level of c. 90mAOD.
	2.4.17 Two discrete water tables are considered likely within the Coal Measures (GW1 & GW2).
	2.4.18 Whilst the geological map indicates the entire site is directly underlain by the Clifton Rock Sandstone, exploratory logs suggest that relatively thin Sandstone bands are separated by Mudstone.  The low permeable Mudstone can lead to groundwate...
	2.4.19 A third possible groundwater table was recorded in BHs 507, 508 & 509 adjacent to Blacup Beck.  In all cases groundwater appears to be flowing to the south with topography.
	2.4.20 An assessment of potential contaminants associated with the former uses has been undertaken, and anticipated potential contaminants, within soil and/or groundwater include:
	2.4.21 Targeted sampling of made ground and groundwater has confirmed the presence of: metals (predominantly arsenic, lead and zinc); localised areas of petroleum products; possible tars and associated indictor compounds; as well as benzene, naphthale...
	2.4.22 Concentrations of volatile and semi-volatile organic compounds were also recorded, predominantly in Area A, although in most cases these may be attributed to leaching from coal tar.  These included low levels of trimethylbenzene, tert-butylbenz...
	2.4.23 There is deep made ground across much of the site and an area of landfill is located just beyond the southern boundary.
	2.4.24 There is also the potential for organic contamination (identified in: Area A; the reservoir in Area B; and the former scrap yard in Area C) to degrade.  Degradation of organic contamination can result in release of carbon dioxide, or in some ca...
	2.4.25 Relatively low concentrations of organic vapours have been identified locally in Area A (PH515 recorded a max value of 17ppm).
	2.4.26 Earthworks regrade will provide an opportunity to identify and remediate organic contamination that could result in a vapour risk and reduce the degradable fraction of made ground during turnover.
	2.4.27 Remediation of organic contamination and reduction in the percentage of degradable fraction in made ground during remediation has been considered within this risk assessment, in line with the recommendations set out in the Remediation Strategy.
	2.4.28 Potential sources of gas are summarised below.
	2.4.29 A conceptual site model and cross sections were developed to support the Remediation Strategy, presented as Drawings 3043/7 & 3043/14 in Appendix A of Lithos Report 3043/4.

	2.5 Initial gas risk assessment (summary)
	2.5.1 Consideration of the conceptual site model and potential linkages enables preliminary qualitative assessment of risks associated with gas:-
	2.5.2 The generation potential of the gas source (degradable matter in made ground) was initially considered to be Low, although it was acknowledged that monitoring could be influenced by organic contamination.  However, in accordance with CIRIA Repor...


	3 GAS MONITORING
	3.1 Scope of works
	3.1.1 As part of the Geoenvironmental Appraisal carried out by Lithos, gas monitoring wells were installed in BHs 501 to BH509 and PHs 501, 502, 505 to 520 across all four areas of the site.
	3.1.2 A standard procedure was followed, in accordance with CIRIA guidance:

	3.2 Monitoring results
	3.2.1 The monitoring results are presented in Appendix C and summarised below:
	3.2.2 During 4 of the 9 monitoring visits, atmospheric pressure was falling, including 2 where the pressure was below 1000mb.


	4 SOIL-GAS REGIME
	4.1.1 Monitoring results show that the highest concentrations of carbon dioxide were identified in Area A, the former chemical works.
	4.1.2 Methane was only recorded in one location and again this was associated with Area A, as was the highest sustained ground gas flow.  Indeed, the maximum carbon dioxide, methane and flow were all recorded in PH515 in Area A.  This is the same bore...
	4.1.3 Concentrations of carbon dioxide, above the Green threshold of 5%v/v, were recorded in Area C (backfield quarries and former scrap yard) and in PH506 & PH511, in both cases associated with made ground.

	5 RISK ASSESSMENT
	5.1 Adequacy of data
	5.1.1 Generic Notes (01 Site Characterisation) outlining how monitoring results are interpreted in order to characterise the soil-gas regime are presented in Appendix A.
	5.1.2 Before undertaking the gas risk assessment for this site, Lithos have considered the following questions (in line with Chapter 8 of CIRIA Report 665):
	5.1.3 Data from Area A is heavily influenced by organic contamination and as such this data has not been adopted in the gas risk assessment as it is not adequately reflective of the conditions across the wider site.

	5.2 Assessment parameters
	5.2.1 In order to facilitate design and in accordance with the DETR approach, a default value of 0.1 litres/hour (i.e. the limit of detection of the flow rate equipment) has been used in this gas assessment in the absence of any higher recorded flows ...
	5.2.2 Elevated concentrations of carbon dioxide, above the Green threshold of 5%v/v were recorded in Area C (backfilled quarry).  Since it is plausible that made ground from Areas B, C or D could be relocated anywhere during remediation earthworks, th...

	5.3 Site classification (Areas B, C & D)
	5.3.1 Calculations have been carried out for carbon dioxide (methane was only identified in Area A associated with organic contamination, see Section 5.4 below) and the worst case adopted in order to establish the appropriate protection measures.
	5.3.2 The proposed development comprises low rise residential housing.  Consequently, the gas regime has been characterised in accordance with the Situation B (traffic light) methodology outlined in CIRIA Report C665.
	5.3.3 Based on worst-case gas concentrations and flows, the Gas Screening Value (GSV) for Carbon Dioxide is 0.016 (16 x 0.1/100).  This GSV equates to Green (traffic light) gas regime.
	5.3.4 However, elevated concentrations of carbon dioxide (between 5 and 16%), and depleted oxygen concentrations (less than 10%) have been recorded in 4 different wells during 7 of the 9 visits, and can therefore be considered as “Typical Maximum Conc...
	5.3.5 This classification is based upon a model that makes the following assumptions:
	5.3.6 If the proposed development includes properties that differ significantly from this “model”, further advice should be sought from Lithos.  Whilst analysis suggests that sub-floor ventilation is not particularly sensitive to floor area, it is rea...
	5.3.7 If it can be demonstrated that vent rates enable a complete volume change in less than 24 hours, then higher site-specific GSVs may be calculated, which in turn might enable a downgrading of the gas regime (traffic light).


	6 PROTECTIVE MEASURES & IMPLICATIONS
	6.1 Protective measures
	6.1.1 Based on the site characterisation (Traffic Light) discussed above, the proposed foundation solution, and with reference to the gas protection “scoring” system outlined in BS8485:2015+A1:2019, Lithos consider that the following protective measur...

	6.2 Area A – Chemical works
	6.2.1 There are likely to be pockets of significant organic contamination in Area A, the former Chemical Works, and within the former reservoir in Area B.  Soil and groundwater monitoring to date indicates chlorinated solvents and the possible presenc...
	6.2.2 Whilst areas of gross organic contamination will be remediated during site preparatory earthworks and made ground turned over to remove obstructions, remediation targets specific to Area A have assumed a hydrocarbon resistant membrane will be pl...
	6.2.3 The presence of the hydrocarbon resistant membrane would also provide adequate protection against carbon dioxide and methane that could be generated by low level organic contamination, even after remediation has been completed.
	6.2.4 Furthermore, organic solvents (chlorinated solvents) will, even at very low concentrations, degrade a standard or gas resistant DPM, which can lead to damp issues in buildings.  The inclusion of a hydrocarbon resistant membrane in all plots in A...
	6.2.5 Whilst elevated organic contamination is also anticipated in the backfilled reservoir in Area B.  It is anticipated that this material will be excavated in its entirety and remediated, or disposed from site.  Providing this remediation is comple...
	6.2.6 Once the final layout is agreed this should be overlain with the Areas referenced by Lithos to identify the affected plots.

	6.3 Workmanship & certification
	6.3.1 Area B, C & D has been classified as Amber 1, with hydrocarbon resistant membrane in plots in Area A.  Consequently, independent certification that the protective gas measures have been installed correctly is required to enable finalling of plot...
	6.3.2 In order to ensure the effectiveness of gas protective measures, workmanship should be carried out by appropriately trained and qualified personnel.
	6.3.3 In accordance with recent YALPAG guidance0F , a detailed verification method statement should be issued to Kirklees Council in advance of the construction phase. This should address how the gas protection measures will be installed and what veri...
	6.3.4 BRE\Environment Agency Report BR 414 (2001) – “Protective Measures for housing on gas-contaminated land” provides a practical guide to good practice for the detailing and construction of passive soil gas protection measures for new residential d...

	6.4 Notes for designers & architects
	6.4.1 Designers\Architects should be made aware of the importance of gas protection measures, and their house designs should take account of potential constraints associated with Building Regulations (most notably those relating to access thresholds, ...
	6.4.2 Furthermore, the need for careful material management during earthworks balance calculations is required to ensure made ground in Area A is not used in any other area is critical to allow final verification of remediation.  However, surplus made...


	GRA apps.pdf
	3043-1 Locn.pdf
	Sheets and Views
	-1 Site Locn


	3043-2 Layout.pdf
	Sheets and Views
	-2 Layout


	3043-3 Features rev A.pdf
	Sheets and Views
	-3 Features


	3043-13 Mon well locs.pdf
	Sheets and Views
	-13 Monitoring wells


	3043-4 Hist Features.pdf
	Sheets and Views
	-4 Hist Features


	3043 Gas Mon Results.pdf
	Visit 1
	Visit 1 Bailed
	Visit 2
	Visit 2 Bailed
	Visit 3
	Visit 4
	Visit 5
	Visit 6
	Visit 7
	Visit 8
	Visit 9



	QD1776-70-03 - Development Platform.pdf
	Sheets and Views
	Layout1


	3043-4b Rem Strat Nov 21 text.pdf
	1 INTRODUCTION
	1.1 The commission and brief
	1.1.1 Lithos Consulting Limited have been commissioned by Strata Homes Ltd to prepare a Remediation Strategy for land off Westgate, Cleckheaton.
	1.1.2 Lithos have already issued the following reports:
	1.1.3 The appointed Remediation Contractor will need to familiarise themselves with the above Reports, and comply with all relevant recommendations contained therein.
	1.1.4 This remediation strategy is highly dependant on site levels, particularly in Area A & B.  Recommendations in this report are based on proposed Development Platform levels detailed on Queensbury Design Drawing QD1776-70-03, dated 17th November 2...
	1.1.5 This document outlines the remediation objectives necessary to protect environmental receptors, and render the site suitable for the proposed development.  A Method Statement should be prepared in order to detail how the objectives will be achie...
	1.1.6 The Method Statement should be accompanied by a Designer's Risk Assessment in accordance with the CDM Regulations, 2015.  The Method Statement and Risk Assessment should be submitted to, and approved by Strata’s Site Manager.

	1.2 The proposed development
	1.2.1 The proposed residential development comprises a total of 200 ‘traditional’ two/three storey domestic dwellings with associated gardens and adoptable roads and sewers, as shown on Strata’s Drawing 18-CL2-SEGB-WE-01 Rev P (a copy of which is pres...
	1.2.2 The houses will be founded on shallow strip or deepened trench fill foundations where made ground is less than 2.5m thick (c. 40% of the total site area) and where underlying natural soils comprise weathered Coal Measures (not Alluvium).  Piled ...
	1.2.3 Access to the development will be from Westgate in the north.
	1.2.4 It is understood that a planning submission has not yet been made.
	1.2.5


	2 Background
	2.1 Site description
	2.1.1 Site details are summarised below.
	2.1.2 The site can be considered as four distinct areas; each area is shown on Drawing 3043/3.  Areas are based on former land uses which still dominate the current site features.  The areas are as follows:
	2.1.3 A location plan and current salient features are shown on Drawings 3043/1 and 3043/3 in Appendix A.

	2.2 Ground investigation
	2.2.1 Fieldwork was supervised by Lithos in two phases; the first (exploratory) phase was completed from the 9th to the 15th January 2019; the second (supplementary) phase was completed between the 14th and 23rd September 2020 and comprised the explor...
	2.2.2 For ease of reference holes advanced in 2019 have been referenced in a ‘400’ series whilst exploratory holes advanced in 2020 have been referenced in a ‘500’ series.
	2.2.3 Made Ground has been encountered across the entirety of Area A to depths of between 1.3m (TP436) and 10.7m (BH501).  The made ground generally comprises granular and cohesive made ground, with some burnt shale, brickfill and filter sands.
	2.2.4 Made Ground has been encountered across Area B to between 0.4m (TT428) and greater than 3.5m (TP524).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.2.5 Made Ground has been encountered in Area C to between 0.8m (TP404) and 12.0m (BH504) and generally comprises granular made ground with ash & clinker.
	2.2.6 Made Ground has been encountered across Area D to between 0.6m (TP517) and 9.0m (BH506).  The made ground generally comprises granular and cohesive made ground, with some ash & clinker and brickfill.
	2.2.7 Approximate depths of made ground is shown on Drawing 3043/10 in Appendix A.
	Reservoir
	2.2.8 According to historical OS plans, a former reservoir occupied an area of c. 1,000m2, in the north-west of Area B.  Anecdotal evidence suggests that the reservoir was associated with the chemical works rather than the former mills.
	2.2.9 A total of 7 trial pits and one trial trench were advanced within and adjacent to the backfilled reservoir.
	2.2.10 Major inflows of groundwater prevented deep trenching in the reservoir.  Similarly, inflows of groundwater prevented the base and all extents of the reservoir being identified.  However, 3rd party holes by AIG suggest the reservoir extends to d...
	2.2.11 Natural ground was encountered in most exploratory locations across the site and generally comprised Cohesive and Granular Residual Soils (weathered bedrock).
	2.2.12 Competent Coal Measures bedrock was recorded below residual soils in all areas comprising Sandstone and Mudstone.
	2.2.13 Whilst not mapped, evidence of Alluvium drift deposits was recorded in the south adjacent to Blacup Beck.
	2.2.14 Groundwater was encountered within the majority of exploratory holes excavated across Areas D and B as seepages and inflows from around 2.0m; most notably in the south (Area B).
	2.2.15 Excavations in Areas A & C generally remained drier, with groundwater ingress comprising relatively minor seepages where encountered.
	2.2.16 Based on groundwater monitoring to date, levels fluctuate across the entire site from 96mAOD to 101mAOD.
	2.2.17 Historic monitoring of installations sealed in the Clifton Rock Sandstone, indicated a groundwater level of c. 90mAOD.
	2.2.18 Two discrete water tables are considered likely within the Coal Measures (GW1 & GW2).
	2.2.19 Whilst the geological map indicates the entire site is directly underlain by the Clifton Rock Sandstone, exploratory logs suggest that relatively thin Sandstone bands are separated by Mudstone.  The low permeable Mudstone can lead to groundwate...
	2.2.20 A third possible groundwater table was recorded in BH507, 508 & 509 adjacent to Blacup Beck.  In all cases groundwater appears to be flowing to the south with topography.
	2.2.21 Historical plans and previous reports show that buildings have been present across around 35% of the site area.  Furthermore, concrete hardstand, which is typically 0.2m thick, covers approximately 12,000m2.
	2.2.22 Drawing 3043/4 shows the footprints of the former structures, and areas of hardstand.
	2.2.23 Trial pits were excavated along the lines of former building foundations, beneath former concrete slabs and along the line of former tanks.
	2.2.24 Numerous obstructions were encountered from ground level to depths of 2.5m, including former walls, former basement floors and former tanks.
	2.2.25 A list of below ground obstructions encountered are provided in the table below.
	2.2.26 Given the above, it is apparent that whilst some former buildings have been demolished (although several still remain), substantial foundations, bases etc remain below ground.
	2.2.27 In addition, masonry boulders and stone lintels were encountered, most notably within the Granular Made Ground (Area B & D) and Brickfill (Areas A & B).  It is estimated that within these made ground types, approximately 30% of the material is ...
	2.2.28 There is deep made ground across much of the site and an area of landfill is located just beyond the southern boundary.
	2.2.29 Gas monitoring is ongoing and on completion a hazardous gas risk assessment will be issued.  At this stage, based on current monitoring data, Amber 1 protection is likely.
	2.2.30 There is also the potential for organic vapours to be present which can influence ground gas concentrations and, over time, degrade gas protection membranes.  Concentrations of organic vapours have only been identified in Area A.
	2.2.31 Earthworks regrade will provide an opportunity to identify and remediate organic contamination that could result in a vapour risk and reduce the degradable fraction of made ground during turnover.   This is detailed further in section 6.0 below.
	2.2.32 The potential impact of remediation and the presence of vapours should be included in the final gas risk assessment.
	2.2.33 An assessment of potential contaminants associated with the former uses has been undertaken, anticipated potential contaminants, within soil and/or groundwater include:
	2.2.34 Targeted sampling of made ground and groundwater has confirmed the presence of metals (predominantly arsenic, lead and zinc), localised areas of petroleum products, possible tars and associated indictor compounds, as well as benzene, naphthalen...
	2.2.35 Elevated concentrations of elemental sulphur were recorded in Area A and given the likely production of sulphuric acid, higher concentrations are anticipated.  Whilst Sulphur has not been considered as a health or controlled waters risk, it wil...
	2.2.36 Concentrations of volatile and semi-volatile organic compounds were also recorded, predominantly in Area A, although in most cases these may be attributed to leaching from coal tar.  These included low levels of trimethylbenzene, tert-butylbenz...
	2.2.37 Extensive ground investigation has been undertaken both to assess the potential for contamination and to consider geotechnical constraints.  Whilst areas of gross contamination have not been identified and concentrations of contaminants do not ...
	2.2.38 The identification of volatile organic compounds in groundwater, particularly in Area A, supports the likelihood of the presence of source material that has not yet fully been identified.
	2.2.39 It is considered highly likely that these source areas will be encountered during earthworks. Therefore, this risk assessment has been developed to manage the identified risks and to be pre-emptive of anticipated source material based on previo...
	2.2.40 Furthermore, significant cut and fill is likely to be required to provide a suitable development platform.  The depth to contamination will influence the risk to future site residents and groundwater / surface water.  This risk assessment consi...
	2.2.41 Given the volume of made ground, it would not be possible to simply isolate made ground below areas of hardstanding.  Therefore, it was recommended in the Geoenvironmental Appraisal (Lithos Report 3043/2B) that a 1,000mm soil cover, underlain b...
	2.2.42 The inclusion of a break layer and clean cover in garden and landscaped areas effectively breaks the direct contact pathways (ingestion, dermal contact & inhalation of dust).
	2.2.43 Assessment of the site investigation data enabled formulation of a conceptual model, which is presented as Drawing 3043/9 in Appendix A.


	3 RISK ASSESSMENT & TARGET CONCENTRATIONS
	3.1 A Quantitative Risk Assessment (QRA) has been undertaken to assess the risks posed by ground contamination to future site residents and controlled waters.
	3.2 Plausible contaminant linkages include potential risks to:
	3.3 Remedial target concentrations for soils have been derived.  These concentrations should be used as a “clean-up” criteria during the required remediation works.
	3.4 Site-specific remedial target concentrations for health should be applied to all Areas (A to D) but only to the uppermost 2m of material placed below development formation levels.
	3.5 Remedial targets levels for protection of controlled waters only apply to Area A & B (as shown on Drawing 3043/3) and only to material placed at or below 97mAOD.  Drawing 3043/15 included in Appendix A shows the relevant remediation levels in cont...
	3.6 During remediation works and validation sampling, careful consideration should be given to the source of any exceedances and whether determinants are likely to be in a form that is volatile, or locked within a matrix, such as coal fragments.  Wher...
	3.7 It is envisaged that vapour monitoring would typically follow a three-step approach:
	3.8 The need for insitu vapour monitoring may also be identified where it is impractical to excavate and treat impacted soils, i.e. due to high groundwater or instability.
	3.9 The total allowable soil concentration in the remedial targets table above may result in a much lower screening value than would actually present a vapour risk and this is why the option of vapour monitoring is important in the remediation design,...
	3.10 Further detail on the timings and application of vapour monitoring is included in Section 7.23 below.
	3.11 It is understood that Blacup Beck will be diverted as part of the development.  However, the travel distance from Areas A & B to the Beck is minimal and would not reasonably result in any significant dilution or attenuation of contaminants.
	3.12 Details of the diversion are not known, but it has been assumed that this would not result in large sections of the Beck being placed in culvert as this is usually discouraged to increase the habitat potential of the watercourse.  If it transpire...
	3.13 In terms of the proposed redevelopment, a summary of plausible contaminant linkages are summarised below, along with feasible mitigation measures.

	4 REMEDIATION PREPARATION
	4.1 Remediation Options Appraisal
	4.1.1 There is still some uncertainty regarding the extent of contamination that could be encountered.  This uncertainty cannot be removed by further ground investigation given the current access limitations, undulating ground levels, highly heterogen...
	4.1.2 However, the type of contamination likely to be encountered can be reasonably predicted based on the site’s history and contamination identified to date in soils and groundwater.
	4.1.3 The final remediation solution is likely to involve a range of techniques.  Remediation options worthy of further consideration based on current site data are summarised below:

	4.2 Mobile Plant Permit
	4.2.1 Grossly contaminated soil/fill predominantly from Areas A, B & C is considered suitable for treatment on site using one or more of the techniques discussed in the remedial options appraisal in Section 4.1 above.  It is anticipated that the volum...
	4.2.2 However, it cannot be assumed that all remediation treatment activities will be acceptable to the Environment Agency, even where these are shown to successfully address the contamination present on site.
	4.2.3 The EA will consider the impacts of nuisance on adjacent residents when reviewing a submitted Deployment Form.  Whilst Best Practicable Means must be employed at all times during on-site treatment, to minimise dust, odour and VOC generation, thi...

	4.3 Management of unknowns
	4.3.1 Whilst extensive ground investigation has been undertaken across the site some uncertainties remain.  It is highly unlikely that even with further intensive phases of ground investigation, these uncertainties would be addressed.
	4.3.2 The remediation tasks detailed in Section 7 should provide a framework for addressing uncertainties as these arise.
	4.3.3 Uncertainties include:


	5 EARTHWORKS LEVELS, REGRADE & ANTICIPATED FOUNDATIONS
	5.1 The Geoenvironmental Appraisal Report (Ref. 3043/2b, dated November 2020) indicates the following foundation solutions are likely to be most appropriate (subject to the Strata’s preferences regarding site preparatory works, final levels & costs as...
	5.2 The foundation options summarised above assume that ground levels will not change significantly from those existing at the time of the ground investigation.
	5.3 Final site levels will be determined by Strata, in conjunction with their Earthworks Contractor and Engineering Designer.  However, Queensbury Design Post Remediation Development Platform Model Drawing (QD1776-70-04, dated 9.11.2021) indicates the...
	5.4 Furthermore, extensive excavation to remove obstructions and treat contamination are anticipated in all Areas.  Given the extensive earthworks there may be opportunities to replace remediated made ground in engineered layers.
	5.5 The final plot specific foundation solution is likely to be concluded on completion of the site preparatory and remediation earthworks.  However, it is anticipated that this would still involve a combination of shallow and piled foundations.
	5.6 Any digital terrain modelling undertaken by the Earthworks Contractor should be designed with a view to enabling a “materials balance” (i.e. volume of cut to broadly equals the volume of fill), and be made available to Strata’s Engineering Designe...
	5.7 Final site levels should then be issued by the Engineering Designer, via an External Works Drawing, which should show:

	6 REMEDIATION STRATEGY (General)
	6.1 Aims
	6.1.1 Remediation aims are to:

	6.2 Overview
	6.2.1 The following remediation works are required:

	6.3 Site set-up, organisation and safety
	6.3.1 Site cabins and welfare facilities are to be established at a location to be agreed with the Engineer and Strata’s Site Manager.  All welfare facilities must be established in accordance with the relevant health & safety statutory requirements. ...
	6.3.2 All site personnel should undergo a site-specific health and safety induction prior to commencement of work on site.
	6.3.3 Strata’s Site Manager should be informed prior to any proposed entry of a confined space or deep excavation.  Entry must be restricted to suitably qualified and equipped personnel.
	6.3.4 Access into excavations etc. must be controlled and undertaken in accordance with the CDM Regulations 2015, most notably Regulation 22, to mitigate risk of collapse or asphyxiation.
	6.3.5 During the remediation works, all personnel on site will comply with guidance provided in the Health and Safety Executive (HSE) document “Protection of Workers and the General Public during the Redevelopment of Contaminated Land”.  In summary, t...
	6.3.6 If at any time during the works personnel begin to feel unwell, they are to inform the Engineer or Strata’s Site Manager, who will determine appropriate action.
	6.3.7 All visitors to site must enter and register at the main Site Office.

	6.4 Contractor’s responsibilities
	6.4.1 Prior to the commencement of any works the Contractor, in agreement with Strata’s Site Manager and, where appropriate, Geoenvironmental Engineer, should:
	6.4.2 The Contractor should satisfy the Health & Safety Executive with regard to all matters concerning the health, safety and welfare of persons on the site.
	6.4.3 The Contractor should ensure that:

	6.5 Materials Management Plan
	6.5.1 This project will involve the re-use of both natural and made ground soils on site and the import of natural soils from another development site(s).  Therefore, the Contractor will need to prepare a Materials Management Plan (MMP) in accordance ...
	6.5.2 The MMP will document how all of the materials to be excavated during the proposed site preparatory and remediation earthworks are to be dealt with.  In summary the MMP should provide:
	6.5.3 The MMP should include consideration of the following factors:
	6.5.4 The MMP should also detail how materials will be tracked throughout the earthworks in order that the subsequent Verification Report can provide an auditable trail.  The tracking system must include:
	6.5.5 Finally, the MMP will have to set out a Verification Plan that identifies how the placement of materials is to be recorded and the quantities of material to be used.  It will contain a statement on how the use of the materials relate to the reme...
	6.5.6 Once completed, the MMP will need to be reviewed by a Qualified Person (QP), who will submit an online Declaration to CL:AIRE and send a copy to Strata.  It should be noted that in accordance with the Code of Practice, Lithos cannot act as the Q...

	6.6 Engineering supervision and verification
	6.6.1 Site works should be supervised throughout by a suitably qualified Geoenvironmental Engineer, who will report to a Project Manager.  Supervision may be part-time for certain activities, but must be full-time during the removal of any grossly con...
	6.6.2 Supervision for all engineered backfill would also be prudent.
	6.6.3 The Engineer will ensure that the requirements of this Remediation Strategy are complied with in a safe and orderly manner.
	6.6.4 The responsibilities of the Engineer should include, but not be limited to, the following:
	6.6.5 The Engineer, or Strata Site Manager in the absence of the Engineer, will maintain records of the works to include the following:
	6.6.6 On satisfactory completion of all the works the Engineer will prepare a Verification Report, in accordance with the Environment Agency’s online guidance “Land Contamination Risk Management” which replaced CLR11 in October 2020.  Copies of the Ve...
	6.6.7 The Verification Report will stand as certification that the remediation and ground preparatory works have been carried out in accordance with this Remediation Strategy.
	6.6.8 The Verification Report will include:
	6.6.9 The Verification Report will also provide recommendations with respect to:
	6.6.10 The above recommendations will take account of the actual remediation works undertaken, and may differ significantly from recommendations originally presented in the site investigation report.


	7 REMEDIATION STRATEGY (specific objectives)
	7.1 Managing unexpected contamination
	7.1.1 Even after an appropriate preliminary investigation and ground investigation, with exploratory holes on a closely spaced grid (say trial pits at 30m centres), a geoenvironmental appraisal is typically based on inspection of the ground underlying...
	7.1.2 Groundwater monitoring at Westgate indicates the presence of contamination, particularly in Area A & C, which was not reflected by soil sample data and further unidentified contamination is likely.
	7.1.3 Where unanticipated ground contamination is encountered during the remediation works, the Contractor should immediately seek further advice from the Engineer.
	7.1.4 In order to assess the nature of any unanticipated grossly contaminated soil/fill, and (if necessary) allow revision of this Strategy document, it should be placed in temporary stockpiles on hardstand or Visqueen, suitably covered and bunded.
	7.1.5 Analysis of at least 6 samples, for an appropriate range of determinands should be undertaken.  On receipt of the results, the Engineer will liaise with the Contractor regarding the most appropriate remediation option.

	7.2 Japanese Knotweed
	7.2.1 An invasive weeds survey has not been undertaken; however, it is likely that knotweed could be present on site.  A formal survey should be undertaken prior to site clearance.
	7.2.2 Knotweed treatment/removal will be required prior to redevelopment, and should be undertaken in accordance with Environment Agency guidance, most notably ‘Managing Japanese knotweed on development sites – the knotweed code of practice’ (Environm...
	7.2.3 Treatment/removal should be undertaken by a suitably qualified sub-contractor, and options include:
	7.2.4 If treatment is required, consideration should be given to programme and seasonal implications.

	7.3 Site clearance
	7.3.1 Any trees currently under a preservation order should be identified and agreed with relevant authorities prior to the commencement of the works.  All trees subject to a TPO should be clearly identified and protected by fencing in accordance with...
	7.3.2 The site should then be cleared of all residual debris, any vegetation, shrubs, bushes and unprotected trees as instructed by Strata.
	7.3.3 Localised Topsoil was identified however this was found to be impacted by inorganic determinants and was noted to have a sulphurous odour.  Topsoil on site is not suitable for use in garden areas, but might be suitable for use in landscaped area...
	7.3.4 Topsoil should be stripped and stockpiled separately from made ground arisings.  It is likely that further testing would be advocated by the Engineer to determine the extent and location of reuse, or indeed confirm the need for of site disposal.
	7.3.5 Topsoil would not be suitable for direct transfer to another development site.

	7.4 Asbestos
	7.4.1 Current legislation (as outlined in HSG 264) requires a pre-demolition (formerly Type 3) asbestos survey to be undertaken, immediately prior to demolition of any building.  The Contractor should request a copy of the survey report from Strata.  ...
	7.4.2 Localised fragments of asbestos cement sheeting were recorded in the ground investigation, predominantly at surface, and should be anticipated during the site remediation and preparatory works.  All suspected asbestos-containing material should ...
	7.4.3 An asbestos ID (screen) was scheduled on 77 samples of made ground, with asbestos identified in 4 samples.  Only one of these samples yielded amounts of asbestos above the limit of measurement (<0.001%).  Given the heterogeneity of made ground, ...
	7.4.4 However, provided soils are kept damp the risk of airborne fibre release, even during disturbance associated with excavation, should be negligible, and certainly below the control limit (as set by the Control of Asbestos Regulations 2012) of 0.1...
	7.4.5 Any made ground soils where asbestos is positively identified and considered representative of near-surface soils, will ultimately be isolated beneath the proposed minimum 1,000mm thick surface cover of “clean” soil (garden/landscaped areas), or...

	7.5 Demolition
	7.5.1 Demolition works should commence on completion of asbestos removal and a "soft-strip" of the existing buildings.
	7.5.2 Existing buildings should be demolished in a safe and controlled manner.
	7.5.3 All demolition operations should conform to BS 6187:2011 Code of Practice for Demolition.  All personnel working on these operations should be fully qualified to do so.
	7.5.4 A detailed Method Statement specific to the project must be prepared by the Contractor and submitted to Strata .  The Method Statement should also be submitted to, and approved by, the Engineer and the Local Authority.
	7.5.5 Once buildings have been demolished, all surface hardstand and floor slabs should be grubbed-up and stored in a location on site, to be agreed with the Engineer, prior to crushing (see Section 7.16).   Any unsuitable materials should be removed ...

	7.6 Supplementary ground investigation
	7.6.1 Lithos Geoenvironmental investigation report recommended some supplementary post demolition investigation once areas of hardstanding are grubbed-up.  However, given successful remediation of this site requires turnover of up to 3m of made ground...

	7.7 Decommissioning of boreholes
	7.7.1 BHs 501 to 509 & PH501 to 520 (excluding PH503 & 504) are currently being monitored monthly for groundwater levels and ground gas.  Monitoring should be completed in April 2021, before groundworks commence.  This will allow information, particul...
	7.7.2 Continued monitoring of BH502, 508 & 509 along the southern boundary is recommended at weekly intervals during remediation in Area A and the former reservoir in Area B to identify any contaminant movement toward the beck (see Section 7.12).  The...
	7.7.3 All monitoring wells should ultimately be decommissioned once no longer needed, in order to prevent the possibility of contamination in made ground migrating into the deep aquifer (Groundwater Body2); see Drawing 3043/9.
	7.7.4 Decommissioning should be undertaken during excavation and turnover of made ground by carefully removing soils around each borehole and removing the upper section of pipework to excavated levels, filling the remaining well with gravel and then b...
	7.7.5 If wells were decommissioned in advance of earthworks, the sealed pipework would likely be pulled from the ground.  (Once pipework is removed, the probability of successfully finding and decommissioning the open borehole is low).
	7.7.6 Treatment of the wells should be undertaken in accordance with the EA guidance document "Decommissioning Redundant Boreholes & Wells" included in Appendix E.

	7.8 Turnover of made ground
	7.8.1 Turnover (excavation, screening/sorting and replacement in engineered layers, with compaction) of the full thickness of made ground, or a minimum of 3m, is required in all Areas in order:
	7.8.2 Further details of specific operations associated with turnover are described in the following sections and also in Lithos Earthworks Specification (3403/7).

	7.9 General excavation
	7.9.1 Excavation of made ground will be undertaken in a controlled manner, working from a line agreed with the Engineer in linear panels.
	7.9.2 Excavated material should be removed from each panel and screened to remove oversize (> 200mm) and other unsuitable (e.g. anthropogenic or biodegradable materials), prior to replacement, or treatment under a mobile plant permit (see section 4.2).
	7.9.3 Each panel should be inspected by the Engineer, and have its depth and extent recorded by survey, prior to backfilling (see Section 7.22).
	7.9.4 Any excavated and screened material that needs to be stockpiled temporarily should be placed in areas designated by the Engineer.  Any stockpile of made ground should be assumed to contain elevated concentrations of inorganic contaminants, and i...

	7.10 Site regrade
	7.10.1 Regrade of site is anticipated to facilitate the proposed housing layout.  It is understood that Strata will require the appointed earthworks contractor to undertake digital terrain modelling, with a view to:
	7.10.2 Earthworks modelling should consider the possibility of using site-won subsoil as cover material (subject to the Engineer’s approval see Section 7.25), and how excess foundation and drainage arisings will be accommodated.

	7.11 Tank/treatment chambers
	7.11.1 A number of former tanks are shown on historic maps within Area A.  It is believed that some were below ground storage tanks, possibly containing coal tar.  Others were treatment chambers for the production of sulphuric acid (likely lead-lined).
	7.11.2 Each tank should be carefully identified and emptied of any residual product, purged of potentially explosive vapour, and safely disposed of from the site by an appropriately qualified and licensed contractor.
	7.11.3 Some treatment chambers may have been constructed with an outer layer of brick or concrete.  This brick / concrete should be visually inspected to establish the degree of impregnated oily contamination to decide if it is suitable for retention,...
	7.11.4 Any underground distribution pipe work should be purged of any residual product and explosive vapours and then carefully removed.
	7.11.5 The Engineer will inspect the resultant excavations, and supervise the chasing-out of any grossly contaminated soil/fill encountered (see Section 7.12).

	7.12 Excavation of soil/fill with organic contamination
	7.12.1 Lithos advocates the removal\treatment of soils that contain significant free product.  This is because all risk assessment models assume there is no free product so do not accurately consider the risk.  Also free product is considered a primar...
	7.12.2 In this context, significant free product would be readily identifiable to the naked eye, and pervasive throughout the soil mass, probably with noticeable seepages.  Traces of free product in fissures or localised, cobble-sized pockets, would n...
	7.12.3 No evidence of significant areas of free product or extensive areas of hydrocarbon contamination have been recorded to date.  However, the possibility that localised ‘pockets’ will be encountered during the site preparatory works is reasonably ...
	7.12.4 Fuel contaminated material identified, should be excavated under the full-time supervision of the Engineer, who will be equipped with a portable PID instrument to assist with delineation.
	7.12.5 Following excavation of the grossly contaminated ground, the Engineer will inspect and sample the resultant excavations.
	7.12.6 A minimum of 5 verification samples should be taken from the excavation sidewalls and base.  These samples should be tested for TOC, speciated PAH & speciated TPH.  Analysis for other determinands, likely SVOC and VOCs in Area A, may be appropr...
	7.12.7 In larger excavations, additional verification samples should be taken from the exposed excavation surfaces on a 10m grid.
	7.12.8 The Engineer will instruct continued removal of soil/fill if verification samples yield concentrations in excess of the clean-up criteria outlined in Section 3.
	7.12.9 Excavations should not be left open for longer than is necessary, and should be securely cordoned-off using 2m high Heras-type fencing, with appropriate warning signs whenever excavation works are suspended.
	7.12.10 Excavated contaminated soils should either be treated or disposed of off-site; see Sections 7.23 and 7.24 respectively.
	7.12.11 On completion of tank/soil removal, excavations are to be backfilled (see Section 7.17).
	7.12.12 Areas of gross organic contamination are anticipated in Area A and within the reservoir in Area B.  As both are likely to be in hydraulic connectivity with Blacup Beck via shallow groundwater, it is recommended that groundwater monitoring is p...
	7.12.13 Monitoring wells are already installed in BHs 502, 508 & 509 along the southern boundary between the Beck, Area A and the reservoir.  During excavation of made ground, removal and treatment of source areas, these boreholes should be monitored ...
	7.12.14 No compliance limits are proposed, monitoring is solely intended to consider trends in contaminant loading and provide an early indication of mobilisation of contaminants in the groundwater.
	7.12.15 If an increase in contaminant loading in groundwater is identified, excavation works should stop, and the process be reviewed.  This could include:
	7.12.16 Groundwater monitoring is not considered necessary during remediation and excavation of made ground across the wider site.
	7.12.17 Once remediation of the reservoir and Area A is complete the three monitoring boreholes should be decommissioned (see Section 7.7).

	7.13 Control of water
	7.13.1 Surface water sampling, both up and down gradient has been undertaken on three occasions.  No elevated concentrations of determinants were recorded during any sampling round, suggesting a low mobility of site contamination.
	7.13.2 However, site preparatory earthworks and remediation can result in mobilisation of contamination either via groundwater flow or sediment discharge.
	7.13.3 Groundwater is likely to be encountered, particularly following periods of high rainfall.  Drawing 3043/15, included in Appendix A shows where excavations are most likely to encounter water.
	7.13.4 Groundwater should be controlled in accordance with CIRIA report 113 “Control of Groundwater for Temporary Works”.
	7.13.5 Arrangements should be made to prevent ponding in any excavation “hollows”; the Contractor should ensure that ground levels are of sufficient gradient to enable the collection of surface water run-off in sumps or grips.
	7.13.6 Pumping from over-excavated sumps may be required to maintain satisfactory working conditions.
	7.13.7 The Contractor should make all necessary arrangements to prevent off-site migration of contaminated sediment via surface water run-off, and avoid any pollution of Blacup Beck.  This will necessitate the installation of surface water grips, and ...
	7.13.8 A Surface Water Management Plan should be prepared with input with the Contractor, to describe the mitigation measures that will be put in place to intercept direct run-off from any disturbed areas, stockpiles etc, thereby preventing any potent...
	7.13.9 The gradient on the development site and the location of the beck at the lowest point on site will make management of surface water problematic.  The SWMP should consider a phased method of mitigation along several plateaus, with separate colle...
	7.13.10 It is quite likely that perched waters and shallow groundwater will also be encountered during the remediation earthworks; most commonly associated with redundant drains, buried structures and below groundwater resting levels (97mAOD to 95mAOD).
	7.13.11 Some groundwater may be contaminated with hydrocarbons and\or VOCs, such as those encountered in the reservoir.
	7.13.12 It should be noted that significantly elevated concentrations of hydrocarbons and heavy metals are often associated with sediment within the former drainage network below brownfield sites such as this, and that these, if released, pose potenti...
	7.13.13 Any potentially contaminated water should not be allowed to escape to other areas until the results of the analysis are available and, if required, a suitable means of water treatment has been agreed.
	7.13.14 Water collected water should be passed through a series of oil/water separators to remove any oily contamination.  Oils trapped in the absorbent medium should be disposed of to a suitably licensed landfill site.
	7.13.15 Treated water should then be tankered off-site, or be discharged to sewer, subject to analytical results and Yorkshire Water consent.
	7.13.16 No active pumping or treatment of groundwater for contamination, beyond managing water in excavations, is recommended.
	7.13.17 Dewatering associated with construction activities is no longer automatically exempt from the Water Abstraction and Impoundment (Exemptions) Regulations 2017 (WAIR 2017).  A permit may be required if:
	7.13.18 If excavations cannot be programmed to coincide with lower groundwater levels, discussions may be needed with the Environment Agency to confirm WAIR 2017 does not apply or secure an exemption.

	7.14 Removal of below ground obstructions
	7.14.1 All foundations associated with existing buildings and other relict structures should be chased out and grubbed-up, in order to remove potential obstructions to new foundations and infrastructure.
	7.14.2 Where relict structures are found to retain fluid contaminants, they should be drained first.  The drained fluids should be stored in appropriate, sealed tanks/containers and analysed for a range of determinands to be agreed with the Engineer. ...
	7.14.3 Deep excavations for the removal of structures etc will be unstable in the short term and continuous side support will be necessary.
	7.14.4 Where significantly deep foundations (e.g. piles) cannot be removed by conventional means, they are to be cut at a depth to be agreed with the Engineer and the position of the remaining lower section is to be accurately recorded by survey.
	7.14.5 Suitable materials derived from grubbing-up should be stored in a location on site, to be agreed with the Engineer, prior to crushing (see Section 7.16).   Any unsuitable materials should be removed to a suitably licensed landfill site (see Sec...
	7.14.6 It is anticipated that much of the grubbed-up concrete and brick arisings in Area A will be coated by contaminants.  Consideration could be given to steam-cleaning of these arisings in order to generate material suitable for crushing and re-use...

	7.15 Management of stockpiles
	7.15.1 Materials management across all four areas will be critical to secure successful remediation and earthworks.  The physical and chemical properties of material generated from excavations will determinate where this can be reused, and where / wha...
	7.15.2 It is strongly recommended that separate stockpiles / storage areas are established for;
	7.15.3 See also comments in Section 7.17 regarding sulphate-rich made ground in Area A.
	7.15.4 Clean naturally occurring topsoil and subsoil should not be imported and stockpiled on site until these can be placed in a remediated location, away from ongoing earthworks to avoid the potential for cross contamination (see section 7.25).

	7.16 Crushing
	7.16.1 Production of a selected granular fill should be possible if suitable materials (generated by demolition operations and grubbing-up of floor slabs, foundations and other relict structures) are crushed.
	7.16.2 The crushed product should be screened to remove any unsuitable elements and stockpiled for re-use during the subsequent construction works.  Generation of a Class 6 material as defined in the Highways Agency Specification (Series 600) should b...
	7.16.3 Tarmac could be recycled and crushed to yield a 6F3 selected granular material, provided the recovered bitumen content is less than 10% (determined in accordance with BS598-1:2011).  Alternatively, crushed tarmac could also be blended with crus...
	7.16.4 The Engineer should check the suitability of crushed product for re-use, instruct the removal of any unsuitable material and schedule appropriate confirmatory geotechnical or chemical testing.
	7.16.5 It should be possible to generate other secondary aggregates from crushed concrete provided it is subject to good sorting prior to crushing and thereby contains little ‘impurity’ (e.g. brick, breeze block, wood, re-bar etc).  The Contractor sho...
	7.16.6 A minimum of 3 samples (or 1 sample per 500m3, whichever is the greater) should be taken from any stockpile of specific crushed product and sent to a UKAS accredited laboratory for analysis to assess whether the material conforms to requirement...

	7.17 Backfill of excavations
	7.17.1 As discussed in Section 2.2, elevated concentrations of elemental sulphur were recorded in Area A.  Sulphur will oxidise rapidly to sulphate and this can influence concrete mixes.  The potential for particularly high sulphate concentrations sho...
	7.17.2 Made Ground from Area A should be retained in this Area, not used across Area B, C or D to prevent the need for protective concrete mixes across the entire site.  Where made ground cannot be retained in Area A additional supplementary testing f...
	7.17.3 Excavations (to remove tanks, relict structures, contamination etc) should be backfilled as necessary to achieve the desired levels, with suitable materials and compacted in accordance with Lithos’ Earthworks Specification (3043/7 dated Novembe...
	7.17.4 Trenches for services including site drainage and water supply should be cut over size in order to isolate pipe materials from potential contaminants and to enable maintenance to be conducted in "clean" material.
	7.17.5 The site surface should be initially left approx. 1,200mm below proposed finished garden levels to allow for placement of 1,000mm cover and 200mm piling mat.  In areas of highways the ground surface will be left approximately 600mm below finish...
	7.17.6 Excavated arisings will be inspected by the Engineer in areas of suspected contamination, and any suspicious material or material yielding evidence of significant contamination (based on visual\olfactory observations), will be placed in tempora...
	7.17.7 Any material considered unsuitable for use as backfill will either be treated on-site (see Section 7.23), or be exported from site (see Section 7.24).

	7.18 “Clean” corridors
	7.18.1 Along the line of proposed new sewers (and within the footprint of a proposed attenuation tank), made ground will be excavated to its full thickness, or at least 1.0m below deepest sewer invert whichever is the lesser, to a width agreed with St...
	7.18.2 The resultant excavation will only be backfilled with “clean” material which might comprise any of:

	7.19 Placement of a granular running layer & piling mat
	7.19.1 A minimum 200mm thickness of suitable granular fill (ie a “blanket” of 6F2) could be placed along the line of proposed haul roads to provide a firm and stable running layer for the subsequent construction works.
	7.19.2 Ground conditions at this site are considered likely to require provision of a piling mat (working platform) and further advice should be sought from the appointed specialist-piling contractor regarding the proposed plant loadings and resulting...
	7.19.3 The design of working platforms for tracked plant is a geotechnical design process and should be carried out by a competent person.  The following parties should have input into the design:

	7.20 Highways
	7.20.1 The Contractor should consult the adopting authority regarding preparation of the ground beneath new highways (as outlined below, or in any proposed alternative specification) in advance of the works.  The Contractor should also agree acceptabl...
	7.20.2 However, it is considered that the following options would be suitable to enable the construction of the highways.
	7.20.3 Made ground should be excavated from beneath new highway footprints to a maximum of depth of 3.0m - from existing ground level or proposed highway formation, whichever is the lower.  Highways should then be raised to formation level, either with:
	7.20.4 Some refinement of the above advice might be possible after highways design (with consideration of the proposed formation level cf existing ground level), and via inspection (and usually CBR testing) of the proposed formation during site prepar...
	7.20.5 Any residual made ground materials in the base of the excavation (i.e. in areas where the thickness of made ground exceeds 3m) should be inspected and (where necessary) any soft spots removed and replaced with suitable engineered fill.
	7.20.6 In the footprint of proposed highways, the contractor, under supervision, must ensure that relict obstructions are removed to a minimum of 500mm below deepest sewer invert.  The resultant sub-formation should then be proof rolled, in accordance...
	7.20.7 If deep backfilled basements (Area A) and backfilled quarries (east of Area B & south of Area C) conflict with new highways, further advice should be sought from the Engineer responsible for detailed infrastructure design.  However, where highw...
	7.20.8 A minimum length of 5m either side of the highwall should be treated to the above specification, although the final specification should be agreed with the adopting authority.
	7.20.9 Crushing of demolition/hardstand/foundation arisings will generate aggregate, which (subject to confirmatory testing) should be suitable for use as unbound pavement materials within the highways.
	7.20.10 The suitability of site-won material for placement as engineered fill should be confirmed by field trials and geotechnical laboratory testing, which will yield the following information:
	7.20.11 The engineered fill should achieve at least 95% maximum dry density, with air voids comprising less than 10%, as determined by 2.5kg laboratory compaction tests.
	7.20.12 Where the made ground is re-engineered in accordance with the above specification, it is considered that a CBR value of 5% should be achievable; however, this should be verified by field trials.
	7.20.13 The Contractor will arrange for the necessary compliance testing to be undertaken at formation level on road alignments, as required by the adopting authority and Engineer.  As a minimum this should comprise plate load tests, carried out to de...

	7.21 Boundary issues
	7.21.1 Strata’s Designer should ensure that proposed levels tie in with the surrounding infrastructure, and ground levels of adjacent properties (after allowance for the placement of any required soil cover).  It is understood the development incorpor...
	7.21.2 Advice should be sought from the Engineer if mobile contamination or redundant drains/utilities are encountered close to the site’s boundaries.  This is likely to be particularly important on the northern boundary of Area A, where historic maps...

	7.22 Surveying
	7.22.1 The Contractor should arrange for the following survey work as directed by the Engineer:
	7.22.2 The Contractor should supply the results of this survey work (disc & hard copy) to the Engineer for inclusion in the Verification Report.

	7.23 On-site treatment of contamination
	7.23.1 Hydrocarbon contaminated material is considered likely to be suitable for treatment on site, although some export to landfill is anticipated (see Section 7.24).
	7.23.2 Excavated soils should be screened, to remove oversize (concrete and brick), and the remaining fines hauled to a treatment area.
	7.23.3 Within an impacted mass, contaminant concentrations are likely to vary significantly, and segregation of very heavily contaminated material from less contaminated material may not be practical.  However, deliberate “overdig” of soil that has no...
	7.23.4 The treatment area, irrespective of treatment technique should be formed on an impermeable composite liner (clay with polythene membrane, or HDPE sheeting, or concrete hardstand) in an area of site agreed with the Engineer, ideally away from re...
	7.23.5 A lined collection trench should be constructed along the width of the treatment area, within the bund, to collect rainwater runoff and leachate.  This water should then be passed through the water treatment tanks prior to disposal to sewer (se...
	7.23.6 Validation samples should be taken at a minimum rate of 1 composite sample per 200m3 of treated soil (with a minimum of 6 samples if the volume treated is less than 1,200m3).   Chemical analysis of these samples at a minimum of weekly intervals...
	7.23.7 A windrow/stockpile will be deemed to have been successfully treated once two consecutive sampling rounds yield mean concentrations of all the contaminants of concern below agreed clean-up criteria (see Section 3 and Appendix C).
	7.23.8 Treated soils should be placed in accordance with recommendations in the detail risk assessment as summarised in Section 3, with remediation depths also shown on Drawing 3043/15 (cross section of Areas A & B)
	7.23.9 Retention and re-use of treated material on site must be undertaken in accordance with the principles of the CL:AIRE Code of Practice (v2, March 2011); i.e. the treated material must be suitable for use, at this site consideration must be given...
	7.23.10 Once a decision on how the hydrocarbon contamination will be dealt with has been made (i.e. stabilisation/bioremediation or landfill), this should be set out in the Contractor’s Method Statement, a copy of which should be kept on site and made...

	7.24 Export to landfill
	7.24.1 Excavation arisings that are unsuitable for retention and re-use on site should be placed in temporary stockpiles on hardstand or polythene sheeting and be suitably covered to minimise the potential for dust/odour nuisance, and prevent surface ...
	7.24.2 Any material exported from site to landfill should be hauled by a registered waste carrier in accordance with the requirements of the Waste Regulations 2011 and the Landfill (England & Wales) Regulations 2002.
	7.24.3 A transfer note should be completed, signed and retained by the parties involved. The transfer note should include the volume of waste, the nature of the material and a statement of its chemical composition, details of the source and destinatio...
	7.24.4 In order to protect the general public from dust and vapour emissions, wagons that are to be used for the haulage of the contaminated material from the site must be sheeted.  In addition, the Contractor must ensure that no fluids seep from the ...
	7.24.5 In order to provide the landfill facility with information regarding chemical composition of the waste, further analysis of any material that requires removal from site may be required.
	7.24.6 Characterisation of stockpiled materials generated during the site preparatory works will be required if off-site disposal is proposed.
	7.24.7 It should be noted that the classification and assessment of waste soils under the Environment Agency’s Technical Guidance WM30F , is a complex process and this is different to classification under a Waste Acceptance Criteria (WAC) test require...
	7.24.8 It is critical if material is to be exported from site that this is allocated an appropriate waste code, following the steps within WM3.  It is highly likely that material on this site will fall under various waste codes (not all material will ...
	7.24.9 Waste carriers transporting, and sites accepting, this material should have a corresponding code within their permits.  It is the responsibility of those generating the waste (i.e. the developer), to ensure that the waste is handled and dispose...
	7.24.10 With respect to asbestos, waste soils will be classed hazardous if the soil mass contains more than 0.1% asbestos fibres that are free and dispersed.  However, WM3 states that where the waste contains identifiable pieces of asbestos (i.e. any ...
	7.24.11 Some localised areas of tarmac hardstand is present in Area D.
	7.24.12 This tarmac could be recycled and crushed to yield a 6F3 selected granular material, provided the recovered bitumen content is less than 10% (determined in accordance with BS598-1:2011).  Crushed tarmac could also be blended with crushed concr...
	7.24.13 However, if off-site disposal is anticipated, tarmac assessment is based on the amount of coal tar present, this will vary depending on the age of the tarmac.  The assessment is based on the amount of benzo(a)pyrene, and has a concertation lim...
	7.24.14 Lithos could undertake the WM3 assessment once export waste streams have been identified.

	7.25 Placement of soil cover
	7.25.1 Clean inert soil will be placed over the made ground in proposed garden and landscaped areas (but not beneath hardstanding).  This cover layer is to comprise a minimum 1,000mm of “clean” subsoil and topsoil.
	7.25.2 Some natural strata suitable for use as subsoil may be sourced on site by excavation of the uppermost 500mm or so of natural soils beneath made ground during earthworks.  This could generate a sufficient volume of ‘clean’ subsoil for placement ...
	7.25.3 This subsoil would be best placed during the construction phase; i.e. it should be left in stockpile(s) on completion of the site preparatory works, subject to the Engineer’s approval.
	7.25.4 However, if a soil inversion to source subsoil is undertaken, careful earthworks modelling would be required to ensure made ground, with concentrations above the controlled waters site specific screening value, is placed at depths in excess of ...
	7.25.5 Material imported for use as cover should be validated in accordance with Lithos’ Protocol for Soil Importation, copied in Appendix B.  This Protocol includes chemical assessment criteria which should not be exceeded.
	7.25.6 This work may be undertaken as part of the contract for the preparatory & remediation works, in which case imported soils should be stockpiled in a location agreed with the Engineer.  Alternatively, the developer may choose to import soil at a ...
	7.25.7 In all cases it is best practice to confirm the suitability of topsoil and subsoil, prior to importing to site.

	7.26 Hazardous gas protection
	7.26.1 Based on the site characterisation (Traffic Light) as discussed in the Gas Risk Assessment in Appendix D, the proposed foundation solution, and with reference to the gas protection “scoring” system outlined in BS8485:2015+A1:2019, Lithos consid...
	7.26.2 A copy of the full Gas Risk Assessment (Report No. 3043/5) is presented in Appendix D.






