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Plate 7.4: View to the South from the Site
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Plate 7.6: View to the North from the Site
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Plate 7.10: Site in Wider Landscape Context
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Plate 7.11: View from Scholes Cemetary

' N

Proposed Development

N )
Plate 7.12: View from Copley House Farm
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Plate 7.13: View from Cheesecake Farm
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Plate 7.14: View from Bronte Way
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Clate 7.16: View from CIliff Hollins Lane towards proposed car park site adjacent to Woodlands School.
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Proposed view with landscape infrastructure based on 10 years tree growth.
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Proposed view with landscape infrastructure based on 10 years tree growth. Note winter conditions.
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	DRAWINGS
	1 INTRODUCTION
	1.1 Instruction
	1.1.1 This report is prepared in accordance with instruction from Mr M Naylor of KeyLand Developments Ltd dated 13 May 2015 and in accordance with our standard terms and conditions as attached at Appendix I.  This follows a proposal dated 12 May 2015 ...
	1.2 Site Location
	1.2.1 The site is North Bierley WWTW, and is located as shown on the site location plan, Drawing No. SH10534-001 (1:50,000 scale), and more detailed site plan SH10534-008 (1:2,500 scale).  The site is located approximately 6km south of Bradford city c...
	1.3 Purpose and Basis of Report
	1.3.1 The purpose of this report is to present the findings of an intrusive site investigation that was carried out to further identify and examine the potential contamination issues identified in a previous environmental assessment, carried out by UR...
	1.4 Proposed Site Use
	1.4.1 It is proposed that the site is redeveloped for mixed residential and commercial land uses.

	2  PREVIOUS INVESTIGATIONS
	2.1 Introduction
	2.1.1 A Phase I Environmental Site Assessment was carried out by URS Corporation Ltd in November 2006 (report ref. 44320048).  At the time of the report the site was an operational WWTW.  Historical plans show that a sewage works was present on part o...
	2.1.2 The site is situated on Lower Coal Measures which are considered a minor aquifer.  Alluvium drift deposits are indicated as likely to be present along the eastern boundary associated with the Hunsworth Beck.  It is also likely that made ground o...
	2.1.3 The Hunsworth Beck is located adjacent to the eastern site boundary.  This was given a quality grading of Grade E (poor) in 2000.  The report indicates that eastern parts of the site lie within an area at risk of extreme flooding (Flood Zone 3).
	2.1.4 The conceptual model identifies sources of contamination from former on-site operations (contamination resulting from settlement tanks, sludge beds, organic matter, fuels), nearby off-site operations (chemical works, rope works, cotton mill, mil...
	2.2 Preliminary Conceptual Site Model
	2.2.1 A preliminary conceptual site model was presented in the Phase I Environmental Site Assessment.  The conceptual model identifies sources of contamination from former on-site operations (contamination resulting from settlement tanks, sludge beds,...
	2.2.2 The report concludes that there are likely to be pollutant linkages present at the site.  However the report allocates a low to moderate risk of significant harm based on a continued land use.  The report indicates that should the use of the sit...
	2.2.3 The updated conceptual model is in Section 9.

	3  GEOLOGICAL AND HYDROGEOLOGICAL SETTING
	3.1 Geology
	3.1.1 The assessment of the geology of the site is based on the published geological mapping sheet (Sheets Yorkshire 231NE and 232NW (Solid and Drift Editions), 1:10,560 scale) supplemented by the geological memoir, topographical plans and site visit....
	3.2 Hydrogeology
	3.2.1 Hydrogeological information from the Environment Agency changed in April 2010 in order to comply with the Water Framework Directive.  Where possible, this report considers both the old and new information obtained from:
	3.2.2 This information indicates the site to be underlain by sandstones, mudstones and shales of the Lower Coal Measures which are classified as a Secondary A Aquifer.
	3.2.3 Secondary A aquifers are generally fractured or potentially fractured formations and do not have a high primary permeability.  Although not producing large quantities of water for abstraction, they are important for local supplies and may supply...
	3.2.4 The site does not lie within a source protection zone.
	3.3 Hydrology
	Surface Water Features

	3.3.1 The nearest graded surface watercourse is Hunsworth Beck, which forms the eastern boundary of the site.  The Environment Agency has given Hunsworth Beck a General Quality Assessment (Chemistry) rating of E (Poor).
	Flooding

	3.3.2 The Environment Agency maintains national flood maps based on ground levels, predicted flood levels, information on flood defences and local knowledge.  The flood maps show the predicted likelihood of flooding in an area in the context of curren...
	Flooding – Existing Use

	3.3.3 For existing land use purposes, the likelihood of flooding is classed as very low, low, medium or high based on the Environment Agency map entitled Risk of Flooding from Rivers and Sea.  Where applicable, these flood risk categories take into ac...
	3.3.4 The majority of the site is within a very Low risk area.  The chance of flooding each year is less than 1 in 1,000 (0.1%).
	3.3.5 An area to the east of the site towards the Hunsworth Beck is within a Low risk area where the chance of flooding is between 1 in 1000 (0.1%) and 1 in 100 (1%) and is within a Medium risk area where the chance of flooding of between 1 in 100 (1%...
	Flooding – Planning Purposes

	3.3.6 For planning purposes, the likelihood of flooding is classed as low, medium or high based on flood zones identified in National Planning Policy Guidance (2014) attached to the National Planning Policy Framework (2012) and the EA map entitled Flo...
	3.3.7 The majority of the site is within Zone 1 and has a low probability of flooding.  The chance of flooding each year is less than 0.1% (1 in 1,000).
	3.3.8 An area to the east of the site towards the Hunsworth Beck is within Zone 2 and has a moderate probability of flooding.  The chance of flooding each year is between 1.0% (1 in 100) and 0.1% (1 in 1,000).
	3.3.9 A thin strip along the Hunsworth Beck is within Zone 3 and has a high probability of flooding.  The chance of flooding each year is 1.0% (1 in 100) or greater.
	3.4 Mining
	General

	3.4.1 Research of the mining setting is based on examination of the published topographical and geological information as described in Section 2 and 4 of this report along with other mining archive information.  A Coal Authority report for the site ha...
	Surface Workings

	3.4.2 Research of topographical, geological and other archive mining records has indicated no evidence of surface workings within the vicinity of the site..
	Shallow Underground Workings

	3.4.3 From the enquiries made and examination of the geological information there is evidence of shallow underground mining activity beneath the site.  Reference to the abandonment plans indicate that these shallow workings are likely to be in the She...
	Potential Surface Instability

	3.4.4 Most of the ancient and frequently unrecorded mining activity of the nineteenth and earlier centuries was carried out by the room and pillar system.  The problems of potential surface instability over such old mine workings arises when the proce...
	3.4.5 The height above the working to which the collapse process can take place before total choke-filling occurs, is generally governed by the volume of the original tunnel or roadway, and by the change in volume of the collapsed material.  The great...
	3.4.6 The above leads directly to a definition of "shallow" old mine workings and to the delineation of problem areas.  Research of existing records, an appreciation of the caving or collapse, and the characteristics of the solid strata overlying such...
	Deep Mining

	3.4.7 The Coal Authority report indicates evidence of deep underground mining activity beneath the site in the Blocking and Better Bed Coal seams.
	3.4.8 Deep mining is generally defined as that mining undertaken at depths greater than about 30m below rockhead.
	3.4.9 Whilst ground movements would have occurred due to the mining of any deeper seams, surface subsidence effects should have been largely contemporaneous with the mining.  The site is considered stable in respect of any past deep mining.
	3.4.10 There are no current mining activities affecting the site and the site does not lie within influencing distance of any presently known planned future workings.
	Mine Entries

	3.4.11 The Coal Authority report has indicated that there are ten recorded mine entries on or within influencing distance of the site.  Only one of the mine entries is noted to have had any treatment; entry 417427-005 (to the north west of the site) w...
	Mine Shafts

	3.4.12 In old abandoned mining areas, it was common practice to backfill the abandoned shafts either completely or, to a staging built at some level above the shaft bottom with loose colliery refuse.  In many cases such old mine shafts have subsequent...
	3.4.13 In addition to the recorded mine entries at or near the site, the possibility of there being additional unrecorded mine entries cannot be entirely discounted.  During development a careful watch should be maintained for any feature which may re...
	Coal Mine Gas

	3.4.14 Examination of the mining and geological information indicates that it is possible that gases migrating from now abandoned coal mine workings may affect the site.

	4  SITE INVESTIGATION
	4.1 Introduction
	4.1.1 The current investigation was designed around the preliminary conceptual site model that identified all potential sources, pathways and receptors.  This allowed a targeted sampling approach to be undertaken and provide general coverage of the si...
	4.1.2 The site investigation was also carried out to assess the geotechnical nature of the ground.  The site investigation comprised of seven cable percussion boreholes, three of which had rotary follow-on, ten window sample boreholes and nineteen tri...
	4.1.3 The investigation including sampling techniques was carried out in accordance with BS10175:2001 Investigation of potentially contaminated sites – code of practice.
	4.2 Scope
	4.2.1 The investigation was designed as a series of tasks that are summarised below in Table II.
	4.2.2 The investigation was completed in accordance with Construction (Design and Management) (CDM) Regulations 2007 and a site specific Health & Safety plan.  Contractors used during this project include; JB Site Investigations (cable percussion and ...
	4.3 Cable Percussion Boreholes
	4.3.1 Cable percussion drilling was completed under the part-time supervision of a Wardell Armstrong engineer.  Seven cable percussion boreholes (BH1-BH7) were drilled to a maximum depth of 10.7m below ground level (bgl).  Locations (see Drawing No. S...
	4.3.2 Cable percussion borehole logs are attached at Appendix III.
	4.4 Rotary Open-Hole Boreholes
	4.4.1 Rotary open-hole drilling was completed under the part-time supervision of a Wardell Armstrong engineer.  Three rotary open-hole boreholes (BH4-BH6) were drilled from the base of the cable percussion boreholes to depths of either 16.7m bgl (BH6)...
	4.4.2 Rotary open-hole drilling borehole logs are attached at Appendix III.
	4.5 Window Sample Boreholes
	4.5.1 Window sample boreholes were completed under the full-time supervision of a Wardell Armstrong engineer.  Ten window sample boreholes (WS101-WS110) were drilled to depths of between 2m bgl and 5m bgl.  Drilling beyond these depths was not possibl...
	4.5.2 Window sample borehole logs are attached at Appendix IV.
	4.6 Trial Pit Excavations
	4.6.1 Trial pit excavations were completed under the full-time supervision of a Wardell Armstrong engineer.  Nineteen trial pits (TP101-TP119) were excavated to depths of between 1.4m and 3.6m bgl using a JCB 3CX Sitemaster hydraulic excavator. Excava...
	4.6.2 Trial pit logs are included at Appendix V.
	4.7 Ground Gas and Groundwater Monitoring Standpipes
	4.7.1 Nine gas and groundwater monitoring standpipes were installed by the cable percussion, rotary open-hole or window sampling drilling contractor at locations BH1, BH5, BH6, BH7, WS102, WS104, WS105, WS107 and WS110.
	4.7.2 The standpipes were completed with 50mm diameter screen and casing between 4m and 10m bgl, with the screened section extended from the base to 1.00m bgl in boreholes BH1, BH7, WS102, WS104, WS105, WS107 and WS110 and from 9m to 1m bgl in borehol...
	4.7.3 After installation, all water-monitoring wells were developed using a submersible pump or bailer.  Development was continued to until the pH, temperature and electrical conductivity of the purged water had stabilised (i.e. until any two successi...
	4.7.4 Newly installed monitoring boreholes were left for 24 hours to allow gas levels to equilibrate.  Data for methane, carbon dioxide, oxygen and flow rate was collected using a portable infrared gas analyser.  Atmospheric pressure was recorded at t...
	4.8 Sampling and Testing
	Sampling and Chemical Analysis of Soils

	4.8.1 Thirty four disturbed samples of material from beneath the site were collected for laboratory analysis.  Samples were taken at regular depths, changes in strata and any discrete horizons with a high potential to retain contaminants and logged in...
	4.8.2 Samples scheduled for analysis of organic contaminants were placed in amber bottles with a minimum of headspace. The bottles were immediately sealed with polytetrafluoroethylene (PTFE) lined caps and labelled. The remaining small disturbed sampl...
	4.8.3 Collected samples were stored away from sunlight in temperature controlled conditions and transported by courier to ALcontrol Laboratories.  Chain of custody forms were completed for all samples sent to the laboratory.  The forms detailed indivi...
	4.8.4 The laboratory analyses scheduled were selected to establish the type, level and distribution of the possible harmful contaminants that may be present on the site given its past and current uses.  In order to provide cost effective analysis, sol...
	4.8.5 The results of the chemical analyses are attached at Appendix VI.
	Sampling and Chemical Analysis of Groundwater

	4.8.6 Five groundwater samples were collected for laboratory analysis from groundwater monitoring installations using procedures that ensured the collection and preservation of sample quality.
	4.8.7 Prior to sampling, each well was purged until three well volumes of water had been removed or the well became dry.
	4.8.8 All water samples were taken using disposable bailers or disposable peristaltic pump tubing, to avoid cross-contamination, with a bottom pour tap, to minimise the loss of more volatile components.  Samples were placed in laboratory prepared ambe...
	4.8.9 The results of the chemical analyses are attached at Appendix V.
	4.9 Quality Assurance and Quality Control
	4.9.1 The soil and groundwater samples were collected, transferred to the laboratory under chain of custody and analysed to ensure traceability and reliability of analytical results.  Based on the laboratory QA data the analytical results are consider...
	4.10 Limitations of Site Investigation
	4.10.1 It should be noted that the interpretation of the results of the physical site investigation is based on a limited number of investigation points.  The locations and numbers of the investigation locations were governed by the physical state of ...

	5  RESULTS OF SITE INVESTIGATION
	5.1 Ground Conditions
	Made Ground

	5.1.1 Made Ground was present in the majority of borehole, window sample and trial pit locations on site; exceptions to this were borehole locations BH1 and BH3, window sample location WS110, and trial pit locations TP108, TP112, TP113, TP114 and TP11...
	5.1.2 The first horizon of made ground was a soft to firm, orange to black, locally cobbly, sandy, gravelly clay.  The second horizon of made ground consisted of a loose to dense, grey or brown, locally clayey or cobbly, sandy gravel or gravelly sand....
	5.1.3 The thickness of the made ground was unproven in window sample borehole WS109 due to drilling refusals caused by obstructions and in trial pits TP101, TP102, TP103, TP106 and TP107 due to the extent of the made ground and limitations of the exca...
	Natural Strata

	5.1.4 The natural materials encountered during the intrusive investigation comprised a 3.5m thickness of predominantly soft to stiff, orange-brown mottled grey, locally cobbly with rare boulders, sandy, gravelly clay.  The gravel fraction consisted of...
	5.1.5 Rockhead was encountered at all borehole locations and at window sample borehole locations WS102 and WS105 during the intrusive investigation and consisted of sandstone and mudstone.  The rock was proven to 30m bgl by rotary open-hole drilling. ...
	5.1.6 A summary of the strata beneath the site is shown in Table IV.
	5.2 Groundwater
	5.2.1 Groundwater was encountered during the intrusive investigation works in boreholes BH5 and BH6 and in window sample boreholes WS102, WS105 and WS110.  During development and purging the water was initially cloudy but became increasingly clear unt...
	5.2.2 Water levels were measured on six occasions using a product/water interface probe.  No free phase product was detected.  Water elevations measured relative to a site datum (ground level) are shown in Table V.
	5.2.3 Analysis of the reduced groundwater levels is inconclusive and it is assumed that the overall groundwater flow is to the south east.
	5.3 Soakaway Tests
	5.3.1 Five soakaway tests were carried out on site in trial pits TP101 and TP103 (to the east of the site), TP105 (to the south of the site), TP108 (to the north of the site) and TP113 (to the west of the site).  The results indicate that soil in the ...
	 TP101 has an approximate infiltration rate of 2.708 x 10-4m/s; and
	 TP103 has an approximate infiltration rate of 2.197 x 10-4m/s.
	5.3.2 However, no infiltration was observed in the soakaway tests in trial pits TP105, TP108 and TP113.
	5.3.3 These infiltration rates indicate that the made ground beneath the former wastewater treatment works area of the site is likely to be suitable for the construction of soakaways but the natural materials observed to the west and north of the site...
	5.3.4 The results of the soakaway tests are attached at Appendix IX.
	5.4 Ground Gas
	5.4.1 There are several regulatory authorities that require the assessment of ground gas on potentially contaminated sites.  The main stakeholders are Building Control, Local Authority Planning and Environmental Health (Contaminated Land Officers).  C...
	5.4.2 Six gas monitoring rounds were completed over a 12 month period.  Three sets of readings were recorded at low and falling atmospheric pressure.  Gas monitoring results are attached at Appendix X.
	5.5 Observations of contamination
	5.5.1 Observations of soil contamination noted during the site investigation are presented on the borehole, window sample borehole and trial pit logs (Appendices III, IV and V).  These can be summarised as follows:
	5.6 Shallow mining
	5.6.1 No intact coal seams were encountered during the rotary drilling in the south of the site.  However, there was evidence of broken/soft ground accompanied by loss of flush in BH6 which may indicate the presence of workings.  The broken ground was...
	5.6.2 Boreholes BH4 and BH5 were drilled to a depth of 30m bgl with no evidence of shallow mining.

	6  GUIDANCE ON CONTAMINATION RISK ASSESSMENT
	6.1 Introduction
	6.1.1 The following section aims to assess the magnitude and significance of potential risks to human health, surface water, groundwater, ecosystems and buildings from contaminated soil and groundwater.  The assessment provides information that is fit...
	6.2 General Soil Contamination Guidance
	6.2.1 The Environment Agency (EA) has a statutory duty to ensure the protection of the environment and the remediation of contaminated land and groundwater.  In order to achieve this, the EA employs the principle of risk assessment - the risk of a con...
	6.2.2 The first stage in the assessment of a site is development of a conceptual model.  This includes consideration of all possible sources of contamination on the site, the potential receptors and whether there is a plausible pathway between the two...
	Generic Assessment Criteria

	6.2.3 In March 2002 the Environment Agency and the Department of Environment, Food and Rural Affairs (DEFRA) released a package of guidance to assess the health risks posed by contaminated land as part of the statutory framework for contaminated land....
	6.2.4 The CLEA SGVs are derived using specific parameters, which may not be relevant to each site.  The CLEA software allows parameters to be changed and site specific assessment criteria (SSAC) can be developed.  The CLEA methodology also uses a stat...
	6.2.5 The Soil Guideline Values derived from the CLEA model are intended for use in assessing the risk to long term human users of the site.  There is also a requirement to consider the potential for harm from short-term exposure to contaminants at th...
	6.2.6 In the absence of SGVs published under the new CLEA methodology, Land Quality Management (LQM) and the Chartered Institute of Environmental Health (CIEH) published their third edition of generic assessment criteria (GAC) for 82 inorganic and org...
	Category 4 Screening Levels (C4SLs)

	6.2.7 Revised Statutory Guidance to support Part 2A of the Environmental Protection Act 1990 was published in April 2012 by DEFRA. This Guidance introduced a new four-category system for classifying land under Part 2A for cases of a Significant Possib...
	6.2.8 Land is determined as ‘contaminated land’ under Part 2A if it falls within Categories 1 or 2.
	6.2.9 In March 2014, DEFRA published C4SLs for four generic land-uses comprising residential, commercial, allotments and public open space for six substances – arsenic, benzene, benzo(a)pyrene, cadmium, chromium (VI) and lead.
	6.2.10 The C4SLs have been derived in support of Defra’s revised Statutory Guidance for Part 2A of the Environmental Protection Act 1990 but it was anticipated that they could be used under the planning regime as generic screening criteria within a GQ...
	6.2.11 In the case of lead where the SGV was removed in 2008 and was not replaced, the C4SL for lead is considered a suitable generic screening value.
	6.3 Statistical analysis
	6.3.1 Statistical analysis has been completed to identify if the data set for each substance tested contains outliers, has as normal or non-normal distribution and if there is significant evidence that the mean concentration, as defined by the 95% upp...
	6.4 General Water Contamination Guidance
	6.4.1 Concentrations of contaminants detected in groundwater have been compared to the UK Drinking Water Standards (UKDWS) encompassing the Water Supply (Water Quality) Regulations 1989 and Water Supply (Water Quality) Regulations 2000 where drinking ...
	6.4.2 Where the UKDWS and EQS do not encompass contaminants of concern to human health, reference is made to other appropriate guidance.  This includes the European Union Council Directives 98/83/EC and 75/440/EEC on the quality of water intended for ...

	7  GENERIC QUANTITATIVE RISK ASSESSMENT
	7.1 Soil Results
	7.1.1 Soil samples taken from the site have been tested for potential chemicals of concern appropriate to the former land uses.  Results from the chemical testing have been evaluated with reference to each of the plausible receptors identified in the ...
	7.1.2 The majority of the proposed redevelopment is for commercial/industrial use with a small area for residential land use in the north west (drawing SH10534-008).  Hence, the results have been assessed for both residential and commercial assessment...
	7.2 Human Health - occupiers
	7.2.1 As the receptor is human health, the most relevant risk assessment model is the CLEA model.  The model estimates child and adult exposures to soil contaminants for those potentially living, working and/or playing on contaminated sites over long ...
	7.2.2 The principal pathways of concern for human health are dermal contact, ingestion, and inhalation.  Generally, in the assessment of risk to site users, only samples taken in the top 1m are considered as contact with deeper samples is unlikely.
	7.2.3 The geometric mean soil organic matter content at the site is 3.67%.  Therefore GAC values derived using 2.5% SOM have been selected in this assessment.  The pH of the soil ranged from 6.29 in TP111-0.7m to 8.67 in WS103-0.3m.
	7.3 Commercial Area
	Metals

	7.3.1 The mean concentration (95% UCL) for arsenic, boron, cadmium, chromium (III and VI), copper, lead, mercury, nickel, selenium and zinc were below their respective SGV or GAC.  Therefore, it may be considered that the concentrations of these subst...
	7.3.2 Statistical analysis of the laboratory results is attached at Appendix VII.
	Total Petroleum Hydrocarbons

	7.3.3 Most samples recorded low concentrations of all petroleum hydrocarbon fractions (TPH) and no visual or olfactory evidence of petroleum hydrocarbons was observed during the intrusive investigation.
	7.3.4 The maximum recorded concentrations for all of the TPH fractions are significantly less than the adopted GAC, as is shown in Table VI below.  Therefore, TPH contamination is considered unlikely to present a significant risk to long term human he...
	NB – calculation of GAC values assumes that no free phase product is present.
	Semi-Volatile Organic Compounds and Polycyclic Aromatic Hydrocarbons

	7.3.5 The majority of the samples tested contained concentrations of Semi-Volatile Organic Compounds (SVOC) below the Limit of Detection (LOD).  However, minor concentrations of dibenzofuran, carbazole and 2-methylnaphthalene were detected above the L...
	7.3.6 The mean concentrations (95% UCL) of all Polycyclic Aromatic Hydrocarbons (PAH) compounds analysed (naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene, benzo(b)fluoran...
	7.3.7 Statistical analysis of the laboratory results is attached at Appendix VII.
	Volatile Organic Compounds

	7.3.8 The recorded concentrations of Volatile Organic Compounds (VOC) were all recorded at their respective limits of detection (LOD) or below their respective SGV or GAC.  Therefore, these compounds are unlikely to present a significant risk to long ...
	Polychlorinated Biphenyls

	7.3.9 Concentrations of Polychlorinated Biphenyls (PCB - ICES 7) have been compared to their respective screening values.  None of the samples tested contained concentrations of PCB above their limit of detection or screening value.  Therefore, these ...
	Other Substances

	7.3.10 Statistical analysis for monohydric phenol, total cyanide and sulphide was carried out to identify the 95% confidence limits of the measured mean and to compare the upper 95th percentile with the respective screening criteria.
	7.3.11 The upper bound values (US95) for phenol, cyanide and sulphide were below their respective screening values.  Therefore, it may be considered that the concentrations of these substances in soil on site do not present a significant risk to long-...
	7.3.12 Statistical analysis of the laboratory results is attached at Appendix VII.
	Asbestos

	7.3.13 Guidance on the need for asbestos surveys and the method of carrying them out are given in HSE Publication HSG264.
	7.3.14 Eleven samples were screened for asbestos and no fibres were detected.  In addition, no visual evidence of asbestos was recorded during site investigation works.  Therefore, asbestos contamination is unlikely to pose a risk to future site occup...
	7.4 Residential Area
	Metals

	7.4.1 The mean concentration (95% UCL) for boron, cadmium, chromium (III and VI), copper, lead, mercury, nickel, selenium and zinc were below their respective SGV or GAC.  Therefore, it may be considered that the concentrations of these substances in ...
	7.4.2 The mean concentration (95% UCL) for arsenic (61mg/kg) exceeded the relevant screening value of 37mg/kg and one outlier was identified in TP109-0.6m at 101mg/kg.  The mean concentration (95% UCL) for arsenic is then 45mg/kg with two elevated sam...
	7.4.3 Therefore arsenic contamination may present a significant risk to long term human health without some form of mitigation or further sampling and testing with removal of the samples with elevated arsenic concentrations.
	7.4.4 Statistical analysis of the laboratory results is attached at Appendix VII.
	Total Petroleum Hydrocarbons

	7.4.5 Most samples recorded low concentrations of all petroleum hydrocarbon fractions although no visual or olfactory evidence of petroleum hydrocarbons was observed during the intrusive investigation.
	7.4.6 The maximum recorded concentrations of all petroleum hydrocarbon fractions are significantly less than the adopted GAC, as is shown in Table VIII below.  Therefore, TPH contamination is considered unlikely to present a significant risk to long t...
	NB – calculation of GAC values assumes that no free phase product is present.
	Semi-Volatile Organic Compounds and Polycyclic Aromatic Hydrocarbons

	7.4.7 The majority of the samples tested contained concentrations of SVOC below the LOD.  However, minor concentrations of dibenzofuran, carbazole and 2-methylnaphthalene were detected above the LOD but below their respective screening criteria.  Ther...
	7.4.8 The mean concentrations (95% UCL) of all PAH compounds analysed (naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene, benzo(k)fluo...
	7.4.9 Statistical analysis of the laboratory results is attached at Appendix VII.
	Volatile Organic Compounds

	7.4.10 The recorded concentrations of VOC were all recorded at their respective LOD or below their respective SGV or GAC.  Therefore, these compounds are unlikely to present a significant risk to long term human health.
	Other Substances

	7.4.11 Statistical analysis for monohydric phenol, total cyanide and sulphide was carried out to identify the 95% confidence limits of the measured mean and to compare the upper 95th percentile with the respective screening criteria.
	7.4.12 The upper bound values (US95) for phenol, cyanide and sulphide were below their respective screening values.  Therefore, it may be considered that the concentrations of these substances in soil on site do not present a significant risk to long-...
	7.4.13 Statistical analysis of the laboratory results is attached at Appendix VII.
	Asbestos

	7.4.14 Two samples from the proposed residential area were screened for asbestos and no fibres were detected.  In addition, no visual or laboratory evidence of asbestos was recorded during the site wide investigation works.  Therefore, asbestos contam...
	7.5 Human Health – Construction Workers
	7.5.1 The CLEA Soil Guideline Values only apply to the protection of health for long term chronic exposure.  Construction workers are more likely to be at risk from a high single exposure, i.e. an acute dose, which can result in contaminant poisoning....
	7.5.2 None of the samples contained concentrations of cadmium, chromium, inorganic mercury, nickel or selenium that are elevated with respects to an acute lethal dose.  No acute lethal dose value is given for lead.
	7.6 Ecology – Future Landscaped Areas
	7.6.1 Ecological Soil Screening Levels (Eco-SSL) have been published by the USEPA for a range of metals.  The Eco-SSLs present indicative values for assessing potential risk to plants and other ecological receptors.  As no relevant UK guidance exists ...
	7.6.2 The mean concentrations (95% UCL) for cadmium and nickel were below the Eco-SSLs for plants.  Therefore, it may be considered that the concentrations of cadmium and nickel in soil on site do not present a risk to sensitive plants.
	7.6.3 The mean concentrations (95% UCL) for arsenic, copper, lead and zinc were above the Eco-SSLs for plants.  Therefore, it may be considered that the concentrations of these elements may pose a risk to sensitive plant growth in future garden or lan...
	7.7 Groundwater Results
	7.7.1 Groundwater samples taken from the site have been tested for potential chemicals of concern appropriate to the former land uses.  As a number of the installed wells were dry our assessment of the risk to controlled waters is guided by the analys...
	7.7.2 Due to the proximity of the Hunsworth Beck, concentrations of contaminants detected in groundwater have been compared to EQS as surface water is the most sensitive fate of the groundwater beneath the site.  The hardness of the water ranged from ...
	7.7.3 The main pathway by which contaminants are likely to reach the groundwater is through infiltration of rainwater causing vertical movement through the ground.  At present the majority of the site is covered by hardstanding in the form of tarmac a...
	Metals, Semi-metals and Non-metals

	7.7.4 The majority of metal concentrations were below their respective LOD or screening value and are considered unlikely to pose a significant risk to controlled waters.  However, elevated concentrations of several metals in some samples were recorde...
	7.7.5 The recorded concentration of total chromium ranged from 6.14µg/l to 29.1µg/l which are elevated with respect to the EQS of 4.7µg/l but are below the chromium UKDWS of 50µg/l.
	7.7.6 The concentration of chromium VI ranged from <LOD to 54µg/l which are elevated with respect to the EQS of 3.4µg/l.  The analytical method for total chromium is more sensitive with a lower limit of detection compared with the method for chromium ...
	7.7.7 The recorded concentration of cadmium ranged from <LOD to 0.346µg/l which are elevated with respect to the EQS of 0.08µg/l but below the UKDWS of 5µg/l.
	7.7.8 The recorded concentration of nickel in BH6, with a concentration of 50.2µg/l, was elevated with respect to the hardness dependent EQS of 20µg/l.  The recorded concentrations of nickel in boreholes downstream of BH6 were below the EQS.
	7.7.9 Therefore, these metals are not considered to represent a significant risk to controlled waters at the site based on the majority of groundwater samples recording very low to low concentrations with several samples with minor exceedences of EQS ...
	Total Petroleum Hydrocarbons

	7.7.10 There is no EQS value for TPH, so reference is made to the UK Drinking Water Standards (UKDWS) which provides a value for the maximum tolerable concentration of dissolved/emulsified hydrocarbons allowed in drinking water at the tap (0.01mg/l). ...
	7.7.11 A conservative approach of comparing each speciated TPHCWG fraction with the UKDWS of 0.01mg/l has been performed.  In the majority of the samples analysed, the concentration of aromatic and aliphatic petroleum hydrocarbon fractions between C6 ...
	7.7.12 Slightly elevated concentrations of long chain-length aliphatic hydrocarbons (C21-C35) from BH5 and WS110 were recorded at 0.216mg/l and 0.017mg/l respectively.  These concentrations exceed the UKDWS of 0.01mg/l but are below the DWS surface wa...
	7.7.13 Elevated concentrations of medium to long chain-length aliphatic and aromatic hydrocarbons (C16-C35) were detected in borehole BH6.  The maximum concentration was recorded in the aliphatic fraction C21-C35, 3.39mg/l, which exceeds the UKDWS of ...
	7.7.14 Although elevated TPH groundwater concentrations were identified in BH6, negligible or low levels of TPH were recorded up gradient of this area and it is considered to represent an isolated hotspot.  Given the localised occurrence and lack of o...
	Volatile Organic Compounds (VOC)

	7.7.15 The recorded concentrations of VOC were all recorded at or below the respective LOD, with the exception of toluene in sample WS110 which recorded a minor concentration of 1.44µg/l.  Therefore, these compounds are unlikely to present a significa...
	Semi-Volatile Organic Compounds and Polycyclic Aromatic Hydrocarbons

	7.7.16 The recorded concentrations of SVOC were all at or below the respective LOD, with the exception of bis(2-ethylhexyl)pthalate in samples BH5 and BH6 which recorded minor concentrations of 8.11µg/l and 3.92µg/l respectively.  Therefore, these com...
	7.7.17 For the purposes of this risk assessment, benzo(a)pyrene and dibenz(a,h)anthracene are considered to be the most carcinogenic PAH compound and naphthalene is considered to be the most mobile PAH.  These compounds have been used as surrogates to...
	7.7.18 The recorded concentrations of naphthalene ranged from <0.1µg/l to 1.22µg/l which are below the annual average EQS of 2.4µg/l.
	7.7.19 The recorded concentrations of benzo(a)pyrene ranged from <0.009µg/l to 2.55µg/l in BH5 which is above the maximum allowable EQS of 0.1µg/l.
	7.7.20 The recorded concentrations of dibenzo(a,h)anthracene ranged from <0.016µg/l to 0.369µg/l in BH5 which is above the maximum allowable EQS of 0.1µg/l for benzo(a)pyrene.
	7.7.21 Boreholes downstream of BH5 recorded concentrations of benzo(a)pyrene and dibenzo(a,h)anthracene below the maximum allowable EQS which may indicate an off-site source of benzo(a)pyrene and dibenzo(a,h)anthracene in groundwater around BH5.  As b...
	7.8 Leachate Results
	Metals, Semi-metals and Non-metals

	7.8.1 The majority of leachable metal concentrations were below their respective LOD or screening value and are considered unlikely to pose a significant risk to controlled waters.  In contrast to this, the recorded concentration of leachable copper r...
	Total Petroleum Hydrocarbons

	7.8.2 The concentration of leachable aromatic and aliphatic petroleum hydrocarbon fractions were below the LOD and are not considered to pose a significant risk to controlled waters.
	Polycyclic Aromatic Hydrocarbons

	7.8.3 The recorded concentrations of benzo(a)pyrene ranged from <0.009µg/l to 0.00926µg/l which is below the maximum allowable EQS of 0.1µg/l.
	7.8.4 The recorded concentrations of dibenzo(a,h)anthracene was less than the LOD of <0.016µg/l and the maximum allowable EQS of 0.1µg/l for benzo(a)pyrene.
	7.8.5 The recorded concentrations of naphthalene was less than the LOD of <0.1µg/l and below the annual average EQS of 2.4µg/l.
	7.8.6 Based on these results, the soils on site are not considered to pose a significant risk to controlled waters from PAH compounds.
	7.9 Ground Gas
	7.9.1 The potential for elevated ground gas concentrations at the site has been identified in the desk study report and subsequent research into the mining setting of the site.
	7.9.2 The majority of the site area is proposed for commercial land use with a small area in the north west proposed for residential land use.
	North West Residential Area

	7.9.3 Due to present uncertainty in the development layout, type of housing to be built and construction preferences, the ground gas assessment has been undertaken using both the NHBC Traffic light assessment for low rise housing constructed with a ve...
	7.9.4 Borehole 7 in this area is characterised by low concentrations of methane (max 1.6%) and low concentrations of carbon dioxide (max 1.4%) (Table X).  Flow rates for the borehole was typically 0.1l/hr with a peak reading of 0.3l/hr and barometric ...
	7.9.5 Using the Wilson and Card classification system (CIRIA 665 Situation A) and based on the monitoring results, a GSV of 0.0048l/hr has been calculated.  This corresponds to Characteristic Situation 1 (green or very low risk) classification.
	7.9.6 Using the NHBC Traffic Light System (CIRIA 665 Situation B) and based on the monitoring results, a methane GSV of 0.0048l/hr and carbon dioxide GSV of 0.0042l/hr are calculated.  This corresponds to Amber 1 in the Traffic Light System based on t...
	Commercial Area

	7.9.7 The majority of the boreholes and window sample holes on site are characterised by negligible concentrations of methane (max 0.0%) and moderate concentrations of carbon dioxide (max 3.7%) (Table X).  Flow rates for the boreholes were typically 0...
	7.9.8 Using the Wilson and Card classification system (CIRIA 665 Situation A) and based on the monitoring results, a GSV of 0.148l/hr has been calculated.  This corresponds to Characteristic Situation 1 (green or very low risk) classification for the ...
	BH5 – Outside Development Area

	7.9.9 An exception to the general site trend was borehole BH5 to the south of the site which recorded very high concentrations of methane (max 34.6%) and moderate concentrations of carbon dioxide (max 3.0%).  Flow rates for BH5 ranged from 0.0-0.2l/hr.
	7.9.10 Using the Wilson and Card classification system (CIRIA 665 Situation A) and based on the monitoring results for BH5, a GSV of 0.0692l/hr has been calculated.  This corresponds to Characteristic Situation 1 (green or very low risk) classificatio...
	Ground Gas Protection Measures - Residential

	7.9.11 For a low rise housing development type, the ground conditions are classified as Amber 1 which requires low-level gas protection measures, comprising a membrane and ventilated sub-floor void to create a permeability contrast to limit the ingres...
	Ground Gas Protection Measures - Commercial

	7.9.12 The conceptual site model and gas monitoring data indicates the ground conditions extending across the site for other development types are classified as Characteristic Situation 1 and no special gas protection measures are required.
	7.9.13 Full gas monitoring results are included at Appendix X and a summary of this data is included below in Table X.
	7.10 Radon Gas
	7.10.1 An initial assessment for radon gas has been carried out.  The determination follows the two-stage procedure outlined in BR211 Radon: Guidance on protective measures for new dwellings (2015).   The assessment confirms that no specific radon pro...
	7.11 Building Materials
	Concrete

	7.11.1 Concentrations of total sulphate were measured in order to indicate the potential for concrete attack.  Concentrations on site ranged between 0.005% and 0.456% indicating that there is potential for concrete attack on site.
	7.11.2 Results from sulphate (2:1 extract) for materials on site ranged between 0.008g/l and 0.204g/l.  These results indicate that a worst case design sulphate class of DS-2 and Aggressive Chemical for Concrete (ACEC) class of AC-2 may be appropriate...
	Water Supply Pipes

	7.11.3 Permeation and accelerated deterioration of pipe material can occur due to chemical reactions between the pipe and contaminants in the ground in which it is laid.  This can lead to premature failures resulting in leakage and loss of water quality.
	7.11.4 The Water Supply (Water Quality) Regulations in England and Wales, the Byelaws in Scotland and the Northern Ireland Water Regulations include a requirement to use only suitable materials when laying water pipes and the laying of unprotected wat...
	7.11.5 A table of threshold values for various contaminants has been produced by UKWIR in their report Guidance for the Selection of Water Supply Pipes to be used in Brownfield Sites (ref: 10/WM/03/21).  These threshold values allow an assessor to sel...
	7.11.6 The selection of an appropriate pipe material based on the worst case (maximum) contaminant concentrations at the site is presented below in Table XI.  Based on the available chemical test results, it is recommended that either wrapped ductile ...

	8  GEOTECHNICAL RESULTS
	8.1 Introduction
	8.1.1 Site investigation works have identified significant thicknesses of made ground across the majority of the site.  This is underlain by natural deposits of sandy, gravelly clay.
	8.1.2 In total fifty five samples of made ground and natural material were collected from various depths and tested for range of geotechnical parameters including:
	8.2 Made Ground
	8.2.1 Twenty five samples of made ground were sent to the laboratory for analysis.  The made ground was described as brown, locally silty to very silty, sandy to very sandy, gravelly to very gravelly clay.  The gravel fraction in this horizon consiste...
	Particle Size Distribution Test

	8.2.2 Particle Size Distribution tests were performed on six samples from the made ground.  The range in quantities of each soil fraction is shown in Table XII.
	Moisture Content

	8.2.3 Fourteen samples of made ground were tested for natural moisture content and the results varied between 11% and 36%.
	Atterberg Limits

	8.2.4 Eight samples from the made ground were tested for determination of Atterberg limits.  The majority of the results determined intermediate plasticity material with a plasticity index (PI) ranging between 14% (BH4-2.4m) and 24% (BH7-6.0m).  One s...
	2.5kg Rammer Compaction

	8.2.5 Four compaction tests were carried out on made ground samples taken at various depths from boreholes BH4, BH5 and BH6.  The results for maximum dry density ranged between 1.82Mg/m3 (BH4, 1.2-2.4mbgl) and 1.87Mg/m3 (BH5, 0.5-2.7mbgl) with optimum...
	One Dimensional Consolidation

	8.2.6 Two samples from the made ground were subjected to one dimensional consolidation testing.  The results are presented in Table XIII.
	Undrained Shear Strength in Triaxial Compression

	8.2.7 Three samples representing the made ground were subjected to undrained triaxial compression tests.  The results are presented in Table XIV.
	Hand Shear Vane Tests

	8.2.8 Hand Shear Vane tests were performed on two samples representing the made ground.  Shear Strength values ranged from 84kPa (BH4, 6.5-6.95m) to 92kPa (BH7, 2.2-2.65m).
	8.3 Natural Materials - Clay
	8.3.1 Twenty six samples representing the natural clay were sent to the geotechnical laboratory.  The natural clay was described as, predominantly firm to very stiff, brown, slightly gravelly to very gravelly, sandy to very sandy clay.
	Particle Size Distribution Test

	8.3.2 Particle Size Distribution tests were performed on five samples from the natural clay.  The range in quantities of each soil fraction is shown in Table XV.
	Moisture content

	8.3.3 Thirteen samples of the natural clay were tested for natural moisture content and the results varied between 9.4% and 32%.
	Atterberg Limits

	8.3.4 Thirteen samples from the natural clay were tested for determination of Atterberg limits.  The majority of the results determined low to intermediate plasticity material with a plasticity index (PI) ranging between 9% (BH1-2.5m) and 25% (TP108-0...
	2.5kg Rammer Compaction

	8.3.5 Two compaction tests were carried out on natural clay samples taken at various depths from trial pits TP111 and TP118.  The results for maximum dry density ranged between 2.65Mg/m3 (TP111-2.2mbgl) and 2.68Mg/m3 (TP118-1.4mbgl) with optimum moist...
	One Dimensional Consolidation

	8.3.6 One sample from the natural clay was subjected to one dimensional consolidation testing.  The results are presented in Table XVI.
	Undrained Shear Strength in Triaxial Compression

	8.3.7 Seven samples representing the natural clay were subjected to undrained triaxial compression tests.  The results are presented in Table XVII.
	Hand Shear Vane Tests

	8.3.8 A Hand Shear Vane test was performed on one sample representing the natural materials.  A Shear Strength value of 57kPa was recorded for the sample from BH6, 9.5-9.85mbgl.
	8.4 Natural Materials - Gravel
	8.4.1 Four samples representing the natural gravel were sent to the geotechnical laboratory.  The natural gravel was described as, predominantly, brown, sandy to very sandy, slightly clayey to very clayey, gravel.
	Particle Size Distribution Test

	8.4.2 Particle Size Distribution tests were performed on two samples from the natural gravel.  The range in quantities of each soil fraction is shown in Table XVIII.
	Moisture content

	8.4.3 Two samples of the natural gravel were tested for natural moisture content and the results varied between 7.4% and 9.4%.
	Atterberg Limits

	8.4.4 One sample from the natural gravel was tested for determination of Atterberg limits.  The sample (BH1-6.1m) was described as non-plastic material.
	8.5 Standard/Cone Penetration Testing
	8.5.1 In addition to laboratory geotechnical testing, in situ standard/cone penetration tests were carried out during the site investigation and the results are summarised in Table XIX.
	8.5.2 The table shows that N-values within the made ground range between 8 and Refusal (>50).  The N-values in the made ground suggest that the material is highly variable between loose/soft and very dense/very stiff.
	8.5.3 N-values obtained within underlying natural materials are also highly variable, ranging between 20 and Refusal (>50).  There is typically an increase in N value with depth.
	8.5.4 N-values obtained within the coal measures all show Refusal (>50).

	9  REVISED CONCEPTUAL SITE MODEL
	9.1 Introduction
	9.1.1 In line with current Environment Agency guidance, plausible source, pathway and receptor linkages have been identified for the site.  The plausible linkages are indicated in the conceptual site model outlined and discussed below.  This conceptua...
	9.2 Contamination Sources
	9.2.1 There are potentially elevated concentrations of arsenic in soil in the north western part of the site in the residential area.
	9.2.2 No significant elevated contaminant concentrations in soil were identified outside of the residential area.
	9.2.3 There are minor elevated concentrations of petroleum hydrocarbons in groundwater at the site.
	9.3 Pathways
	Human Health

	9.3.1 In terms of human health the main pathways are considered to be dermal contact, ingestion and inhalation.  Future occupiers and construction workers are likely to be at risk from all three potential pathways whilst working on the site.
	Groundwater

	9.3.2 The main pathway by which contaminants are likely to reach the saturated zone beneath the site is through infiltration of rainwater causing vertical movement through the unsaturated zone.
	9.3.3 The site investigation has identified and sampled groundwater from the coal measures strata.
	9.4 Receptors
	9.4.1 A number of sensitive receptors have been identified in close proximity to the site.  These receptors are:
	9.5 Summary
	9.5.1 Based on the land use history and identified sources of contamination, a conceptual site model has been developed.  This is shown in Table XX and details the potential sources, pathways and receptors and the inter-relationship of these factors.
	9.5.2 It is considered that the risks to the proposed development for residential use without any mitigation are as follows.

	10  CONCLUSIONS
	10.1 General
	10.1.1 The site history indicates that a sewage works was present on part of the site in 1893.  The Valley Pit Coal and Ironstone workings were also present in the west of the site at this time along with an Old Coal pit in the south.  A tramway is re...
	10.1.2 A total of seven cable percussion boreholes (to a maximum depth of 10.7mbgl), three of which had rotary follow-on (to a maximum depth of 30mbgl), ten window sample boreholes (2.0m to 5.0mbgl) and nineteen trial pits (1.4m-3.6mbgl) were complete...
	10.1.3 Thirty soil and six groundwater samples from across the site were tested for a suite of potential chemicals of concern comprising: volatile and semi-volatile organic compounds; aliphatic, aromatic and polyaromatic hydrocarbons; metals and other...
	10.2 Human Health
	10.2.1 Analytical results were analysed using CLEA methodology to assess the risk to human health in both a residential and a commercial/industrial scenario.
	Residential Area

	10.2.2 The mean concentrations of the majority of the determinands across this area are below screening criteria and should not pose a risk to human health for a residential end use.  However, elevated concentrations of arsenic were recorded in severa...
	Commercial Area

	10.2.3 The mean concentrations of all determinands across this area are below screening criteria and should not pose a risk to human health for a commercial/ industrial end use.
	10.3 Surface Water and Groundwater
	10.3.1 The risk to surface water and groundwater is considered to be low to moderate. The recorded concentrations of medium to long chain petroleum hydrocarbons are elevated with respect to the UKDWS in the southern part of the site, particularly BH6....
	10.4 Preliminary Remediation Options
	10.4.1 Further site investigation and testing is required to constrain the slightly elevated concentrations of potential contaminants identified in the residential area of the site.  At this early stage it is considered that mitigation/remediation of ...
	 Further sampling and testing in the north western portion of the site with elevated arsenic concentrations;
	 removal of shallow soil from the residential development area with elevated arsenic concentrations; or
	 capping of the arsenic hotspot areas with a clean material which may be sourced from elsewhere on site;
	10.4.2 It is expected that this remediation will remove the potential risk to human health.  Furthermore, the proposed development will change the land use from agricultural to residential land use which would reduce the potential for nitrate or pesti...
	10.5 Buildings and Property
	10.5.1 Results from sulphate (2:1 extract) testing indicate that a worst case design sulphate class of DS-2 and Aggressive Chemical for Concrete (ACEC) class of AC-2 may be appropriate for the site.
	Ground Gas - Residential

	10.5.2 Low concentrations of methane, up to 1.6%, and low concentrations of carbon dioxide, up to 1.4% have been reported in one borehole in this area.
	10.5.3 For a CIRIA Situation A development type, a gassing regime of Characteristic Situation 1 (CS1) can be attributed to this area and no special ground gas protection measures are required.
	10.5.4 For a CIRIA Situation B development type, a gassing regime of Amber 1 can be attributed to this area which requires low-level gas protection measures, comprising a membrane and ventilated sub-floor void to create a permeability contrast to limi...
	Ground Gas - Commercial

	10.5.5 High concentrations of methane, up to 34.6%, have been reported in one borehole, BH5, and moderate concentrations of carbon dioxide, up to 3.7%, have been reported across the remainder of the site. Through reference to CIRIA C665 a gassing regi...
	10.5.6 The majority of the site can be considered as CS1 and no specific gas protection measures would be required.  The southern end of the site should be considered to be CS2 and the following protective measures will be required:
	10.5.7 An initial assessment for radon gas has been carried out. The determination follows the two-stage procedure outlined in BR211 Radon: Guidance on protective measures for new dwellings (2015).  The assessment indicates that no specific radon prot...
	10.6 Ecology
	10.6.1 The phytotoxic metals arsenic, copper, lead and zinc were analysed against the ECO-SSL threshold values for risk to plants. The results displayed numerous samples to have elevated metals considered likely to hinder plant growth in planned areas...
	10.7 Coal Mining
	10.7.1 A Coal Authority report for the site has been obtained, dated 23 November 2010 and is attached at Appendix II, a visit was also made to the Coal Authority abandoned mine records office at Mansfield on 25 November 2010.
	Shallow Underground Workings

	10.7.2 From the enquiries made, examination of the geological information and site investigation observations there is evidence of shallow underground mining activity beneath the south of the site.  Reference to the abandonment plans indicate that the...
	10.7.3 No intact coal seams were encountered during the investigation. However, there was evidence of broken/soft ground accompanied by loss of flush which may indicate the presence of workings. This broken/soft ground was observed at depths of betwee...
	Mine Entries

	10.7.4 The Coal Authority report has indicated that there are ten recorded mine entries on or within influencing distance of the site.  Only one of the mine entries is noted to have had any treatment; entry 417427-005 (to the north west of the site) w...
	10.7.5 Mining constraints on development are indicated on drawing SH10534-008.
	10.8 Geotechnical and foundation design
	10.8.1 The geology of the site is relatively homogenous and comprises made ground (up to 8.4m bgl to the south of the site) underlain by sandy, gravelly clay with occasional layers of very sandy, very clayey gravel of weathered Coal Measures which is ...
	Residential Area

	10.8.2 It is understood that an area to the north west of the site is proposed for residential redevelopment.  It is assumed that the residential units will be of standard construction on the site.  Provided that some degree of settlement can be accom...
	10.8.3 Standard Penetration Tests (SPTs) were carried out in all borehole locations at 1m centres.  The results obtained from the made ground are highly variable due to the impact that large particles can have on the test results.  The tests indicate ...
	10.8.4 The weathered Coal Measures are described as firm to very stiff with undrained shear strength values in the range 112kPa to 183kPa and SPT n-values ranging from 20 to Refusal (>50).  The tests indicate that the weathered Coal Measures across th...
	10.8.5 The shear strength of the weathered Coal Measures suggests Cu values for firm to very stiff clay which may be suitable for allowable bearing pressures up to 125kPa-250kPa.  The results of consolidation testing suggest that these materials demon...
	Commercial Area

	10.8.6 The majority of the site is proposed for commercial redevelopment.  It is assumed that the commercial units constructed on the site will be steel framed structures with clad walls.  These structures typically apply pressure to the ground at the...
	10.8.7 Standard Penetration Tests (SPTs) were carried out in all borehole locations at 1m centres.  The results obtained from the made ground are highly variable due to the impact that large particles can have on the test results.  The tests indicate ...
	10.8.8 The weathered Coal Measures are described as firm to very stiff with undrained shear strength values in the range 32kPa to 161kPa and SPT n-values ranging from 30 to Refusal (>50).  The tests indicate that the weathered Coal Measures across the...
	10.8.9 The shear strength of the weathered Coal Measures suggests Cu values for firm to very stiff clay which may be suitable for allowable bearing pressures up to 125kPa-250kPa.  The results of consolidation testing suggest that these materials demon...
	10.8.10 Monitoring of boreholes on site indicates that groundwater is approximately 2m to 9m below ground level.  Based on the site topography the groundwater level is fairly consistent across the site and is considered to be the natural groundwater l...
	10.8.11 As an alternative, piled foundations might be suitable to the south of the site where made ground thicknesses are up to 8.3m but consideration should be given to ground settlement around the structures if no other ground treatment was carried ...

	11  RECOMMENDATIONS
	11.1 Contamination
	11.1.1 Results from the investigation indicate isolated elevated arsenic concentrations in the residential area and may pose a risk to human health in a residential land use.  These concentrations may also pose a risk to construction workers and preca...
	11.1.2 No elevated concentrations were identified in the commercial area and are unlikely to pose a significant risk to long term human health given an ongoing commercial land use.
	11.1.3 Additional site sampling and testing for arsenic in the residential area of the site would provide more information regarding the risk to human health from arsenic in this area.
	11.2 Mining
	11.2.1 Further investigation of the mining setting of the site is recommended. This is likely to take the form of further rotary open-hole drilling to the south of the site and exploratory excavation of areas around potential mine shaft locations.  Dr...
	11.2.2 There are a number of constraints to development as shown on Drawing SH10534-008, of which the mining position and existing structures represent the most significant elements from a construction viewpoint.  Once broad architectural layouts are ...
	11.3 Ground Gas
	11.3.1 Gas protection measures are recommended as a precaution in the southern area of the site (CS2) to address high levels of methane recorded in this area.  No gas protection is required over the remainder of the commercial area.
	11.3.2 Depending on the development type in the residential area, ground gas protection measures area may be required in this area.


	ES Technical Appendix 8.3 Soils and Agricultural Land - Desk Study.pdf
	1 Introduction
	1.1 Background
	1.1.1 The purpose of this report is to use available published data sources and previous geotechnical survey data to assess the soil type and agricultural land quality of the site, and to comment on the potential impacts of the proposed redevelopment ...
	1.2 Site description
	1.2.1 The site is located approximately 6.0km south of Bradford city centre, adjacent to the junction of the M606 and M62 motorways (see Drawing No. SH10534-001 (1:50,000) and Drawing No. SH10534-002 (1:2,500)).  The total area of the proposed develop...
	1.3 Definitions
	Agricultural Land Classification

	1.3.1 The Agricultural Land Classification (ALC) is a standardised method for classifying agricultural land according to its versatility, productivity and workability, based upon inter-related parameters including climate, relief, soil characteristics...
	Best and most versatile (BMV) agricultural land

	1.3.2 The National Planning Policy Framework (Department for Communities and Local Government, 2012) defines best and most versatile (BMV) land as land of excellent (ALC Grade 1), very good (Grade 2) and good (Grade 3a) agricultural quality. BMV land ...
	Soil series

	1.3.3 Soil series is the lower categorical level of the soil classification used in England and Wales. “Soil series are defined using a combination of three main properties, the broad type of parent material present (substrate type), the texture of th...
	Soil association

	1.3.4 Soil associations is a geographic grouping of soils identified by the name of the most frequently occurring soil series and by the combination of ancillary soil series.
	Gleying

	1.3.5 Gleying is the process of iron reduction (opposite to oxidation) in soils from ferric (reddish in colour) to ferrous compounds (grey or colourless), by microorganisms or by-products of decomposing organic matter.  Gleying occurs in areas devoid ...

	2 Methodology
	2.1 Published data research
	2.1.1 A desk study was carried out using published data sources to determine the general soil characteristics of the site (Soil Survey of England & Wales, 1984) and identify the overall Agricultural Land Classification (ALC) in the region (MAFF, 1993).
	2.2 Data from Phase II Environmental Assessment
	2.2.1 Results of the geotechnical site investigation (as presented in Phase II Geo-Environmental Site Investigation report, RPT-001B) were used together with the published data to determine the likely characteristics of the soil on site and potential ...
	2.3 Agricultural Land Classification
	2.3.1 ALC grading is assigned by investigating the physical properties of the soil resources and interrelated factors such as topography and climate, and assessing how they limit a site’s suitability for agricultural use.  These factors are called lim...
	2.3.2 The overall climatic limitation is assessed using the average annual rainfall and accumulated temperature. It reflects the direct effects of water supply and the energy available for photosynthesis on plant growth.
	2.3.3 Gradient has a significant effect on mechanised farm operations since most conventional agricultural machinery performs best on level ground.  The safe and efficient use of machinery on sloping land depends very much on the type and design of th...
	2.3.4 Flooding can affect choice of crops to be grown, because it may have negative influence on the yield of some crops and restricts soil cultivation.  The main factor determining the risk of flooding is topography. Local conditions can be assessed ...
	2.3.5 Soil depth is important when determining available water capacity.  Shallowness can affect cropping in a number of ways, such as restricting the range of cultivation methods available, restricting nutrient uptake and root growth.
	2.3.6 Stones act as an impediment to cultivation, harvesting and crop growth.  A high stone content reduces the potential for certain agricultural crop management, can cause wear and tear to agricultural implements and tyres, and can reduce the qualit...
	2.3.7 The physical limitations resulting from the interactions between climate, site and soil characteristics are soil wetness and droughtiness.  Soil wetness limitations adversely affect plant growth or agricultural management (e.g. grazing, machine ...
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	2.3.9 Droughtiness is assessed based on average drought risk of two reference crops, winter wheat and potatoes.  The method uses rooting depth and foliar characteristics of the reference crops to estimate soil moisture balance at a given location.
	2.3.10 A secondary factor, accompanying other more critical limitations such as slope or droughtiness, is erosion related to wind or water action.  Soils can be at risk of a loss of topsoil, seeds, seedlings and fertiliser, as well as damage from abra...
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	3.1.1 Paragraphs 111 and 112 of The National Planning Policy Framework (Department for Communities and Local Government, 2012) promote the sustainable management and protection of soils and agricultural land consistent with the economic, social and en...
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	3.1.5 In particular, Chapter 1 of this document ensures soils are sustainably managed and degradation threats are successfully dealt with, whilst Chapter 2 puts this into the context of agricultural landscapes.  Chapter 6 ensures effective soil protec...
	Desk study results

	3.2 Soils – published information
	3.2.1 Data from the Soil Survey of England and Wales, 1984, shows the soils on the site belong to the Dale (712a) association.  The underlying geology of this association comprises Carboniferous mudstones and shales.  The Dale association can be found...
	3.2.2 The Dale series are pelo-stagnogley soils, found where there is no Head, often on convex slopes.  This series is characterised by dark greyish brown, slightly mottled, stoneless clay or clay loam topsoil.  The upper subsoil (20 to 50cm) is stron...
	3.2.3 The cambic stagnogley soils of the Ticknall series occur where thin shale beds alternate with siltstones and sandstones.  The topsoil of this series is a very dark greyish brown, slightly stony silty clay loam.  The upper subsoil (20 to 50cm) is...
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	3.2.5 The main soils in the Dale association are all seasonally waterlogged (Wetness Class IV), if land conditions allow for drainage to be installed Wetness Class III can be achieved for Bardsey and Ticknall soils.
	3.2.6 Where the land is cropped to grass soils can be droughty in drier regions (such as South Yorkshire), but tend to be slightly less droughty in the Leeds district where the site is located. Where the land is cropped to cereals in an average year i...
	3.3 Soils – geotechnical investigation
	3.3.1 The geotechnical site investigation found that made ground (restored or disturbed soil) was found at the majority of borehole, window sample and trial pit locations within the site.  The exceptions were boreholes locations BH1 and BH3; window sa...
	3.3.2 However, topsoil textures were sandy in many places, which does not match any of the soil series descriptions for the Dale association.  This may be due to the importation of material to site, which is likely given the extent of disturbance whic...
	3.4 Drainage
	3.4.1 In general, the site slopes very gently to the east.  The elevation of the site ranges from approximately 110m AOD in the north to approximately 95m AOD in the south. The geotechnical site investigation did not report presence of underdrainage i...
	3.5 Agricultural Land Classification
	3.5.1 The provisional 1:250,000 ALC mapping (MAFF, 1993) indicates that the agricultural land within the site is classed as ALC Grade 3 (good and moderate quality agricultural land).  However, it does not provide distinction between Subgrades 3a and 3...
	3.5.2 This desk study is based on published data; and limited soil profile information from the geotechnical site investigation, which indicates that the soils at the site belong to the Dale series.  Therefore, it is assumed that soil at the entire si...
	Agroclimatic data

	3.5.3 The agroclimatic data of a site influences the ALC in terms of growing conditions, and the soil reaction in terms of wetness and droughtiness.  The Meteorological Office publishes agroclimatic data for England and Wales on a five kilometre grid ...
	3.5.4 Agroclimatic data for the site was taken from the nearest meteorological stations and interpolated between these stations to produce site specific values (Table 1).  This was then used to establish whether the agricultural land quality of the si...
	3.5.5 Table 1 highlights that the site has an average annual rainfall of 773 mm, with an accumulated temperature of 1310oC.  The climatic conditions result in 195 field capacity days per annum, defined as days when the soil is saturated with water and...
	Direct ALC limitations

	3.5.6 The combination of average annual rainfall and accumulated temperature (Table 1), indicates that climate limits the quality of agricultural land at the site to Grade 2 (very good quality).
	3.5.7 The gradient over the site does not exhibit slopes of greater than 7 , therefore does not pose a limitation to agriculture at the site.
	3.5.8 Soil depth is consistently deep across the site (more than 60 cm), and therefore does not pose a limitation to agriculture at the site.
	3.5.9 The topsoil is stoneless or slightly stony, therefore topsoil stoniness does not pose a limitation to agriculture at the site.
	3.5.10 Topsoil at the site has textures which do not limit the quality of the land.
	Interactive ALC limitations

	3.5.11 Due to high annual rainfall and deep soils, droughtiness does not limit the quality of agricultural land at the site.
	3.5.12 According to the Soil Survey of England and Wales (1984) the Dale series belong to Wetness Class IV. The combination of Wetness Class IV, the climatic conditions (195 field capacity days) and the topsoil texture, results in the agricultural qua...
	3.5.13 Overall, the desk study shows that wetness is the most limiting factor to the quality of agricultural land at the site, limiting the quality of the land to a maximum of Subgrade 3b (moderate quality agricultural land).
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	4.1 Agricultural land
	4.1.1 The desk study indicates that the land at the site is unlikely to be of BMV quality due to wetness limitation.  Given the relatively small area of agricultural land within the site (approximately 12ha) such loss is considered to be insignificant...
	4.2 Soil resources
	4.2.1 The redevelopment of the site would result in disturbance to soil resources.  The activities undertaken during the construction phase which have an impact upon soil resources include earthworks, such as:
	4.2.2 The adverse effects of such operations on soil resources include:
	4.2.3 The soil resources present on the site are of moderate quality due to the nature of the original soils present and high levels of historic disturbance over the majority of the site, therefore it is considered that the development would not resul...
	4.2.4 The stripping, stockpiling, handling, transportation and reuse of soil resources has the potential to damage soil in terms of its structure, nutrient content, carbon content and soil organism activity, and lead to increased risk of soil erosion,...
	4.2.5 The majority of soil resources stripped to allow the permanent built development to take place would be retained on site for reuse upon to create areas such as public greenspaces and private gardens. Soil resources which cannot be reused on site...
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