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1.0 INTRODUCTION

Terragen Environmental Consultants Limited (TGEN) was commissioned by Hartmires Investments
Limited (the client), via a written instruction to proceed (email dated 30/04/2014), to undertake a
Phase 1 preliminary risk assessment (PRA) and exploratory investigation at a parcel of land off
Turners Hill Road, Turners Hill, Crawley, West Sussex, RH10 4PD (the site). The boundary of the land
is shown on the site location plan presented in Figure 1.

2.0 BACKGROUND, REMIT AND APPROACH

2.1 Background

The site covers an area of circa 60000m? (6.0ha), in a predominantly rural area of West Sussex. We
understand that it is proposed to submit a planning application to Mid Sussex District Council (the local
authority) for a natural burial ground at the site.

We would anticipate, that should planning permission be granted that the conditions attached to the
development will include one or more relating to the investigation, assessment and subsequent
management of potential contamination at the site. In addition, the Environment Agency (the agency)
are also likely to require an assessment of potential risks to groundwater to be included in any
assessment for the proposed development.

2.2 Remit
Our remit included for a Phase 1 PRA and exploratory investigation in order to:-

Assess the presence and significance of potential sources of contamination at/in the vicinity of the site.

Assess the presence and significance of potential sensitive receptors at/in the vicinity of the site.

Assess the presence and significance of plausible pathways at/in the vicinity of the site.

Assess the potential environmental liabilities and consequences associated with the development of the

site.

Gather and review physical data generated as part of an exploratory investigation undertaken at the site.

On the basis of the exploratory investigation data, commission a programme of laboratory testing on

representative samples.

L) Carry out a generic quantitative risk assessment (GQRA) on the data generated from the exploratory
investigation.

° Construct a preliminary conceptual site model (CSM) for the development.

° Determine the need for additional investigation and assessment (e.g. Phase 2 site investigation and

DQRA etc.) and, if deemed necessary, to determine the scope of such works.

" 8" e e

" e

2.3 Contaminated Land Investigation Approach

Environmental assessors use a source-pathway-receptor (SPR) conceptual site model when
determining the risk posed by a potentially contaminated site. For potential risk to arise each stage of
the SPR linkage must be present, plausible and significant. Our approach to the assessment of
potential land contamination is detailed in Appendix A.

Page 4 of 23 © Terragen Environmental Consultants Limited 2014
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3.0 PHASE 1 PRA
The following section comprises a review of the information obtained by TGEN as part of the Phase 1
PRA including:-

Interviews with key stakeholders.

Geological maps of the local area.

GroundSure report and historical maps relating to the site and surrounds (see Appendix B).
Local authority search records (see Appendix C).

Environment Agency (the agency) search records (see Appendix D).

Site reconnaissance, site survey(s) and photographic record(s) (see Appendix E).
Archaeology Data Service, Natural England and MAGIC search records.

3.1 Site Location, History and Proposed Development Plans
3.1.1 Site Location

The site comprises an area of open land in a predominantly rural area circa 250m to the W of Turners
Hill, centred at National Grid Reference (NGR) TQ33478 35645 and covers an area of circa 6ha.

3.1.2 Site History
A review of historical maps dating from 1874 to the present day can be summarised as follows:-

" 8" 8" e e e e

° In 1874, the site is a series of open fields within wider tracts of open land and fields. Butchers Wood is
shown on and beyond the E boundary of the site. A small stream is shown orientated roughly from W to E
just beyond the N boundary and a sand pit is shown circa 100m to the W.

. In 1897, there are no significant changes shown at the site. A small allotment is shown circa 100m to the S
and St Leonards Church is circa 250m to the SE. Several sand pits are shown circa 150m to the W and
NW.

. In 1910, a spring is shown just beyond the NE boundary of the site and a graveyard is shown at the church

circa 250m to the SE.
° In 1957, the sand pits to the W, NW and E are now shown as ponds.
’ From 1958 to 2012 no significant changes are shown to the site or immediate surrounds.

3.1.3 Local Authority Search Records

A search of records held by the local authority relating to the site and surrounds is presented in
Appendix C and can be summarised as follows:-

° Historical mapping has not identified any contaminative uses at the site.

° Historical mapping has identified a former gravel pit to the N, two former sand pits to the NW and an
unknown hole to the NW within 250m of the site boundary. It is not clear from the records if these were
infilled, although both the gravel pit and unknown hole are currently labelled as ponds.

° There are no records of site investigations or remedial works at the site.

. The local authority hold no records relating to known contamination issues or pollution incidents at the site
or immediately adjacent to the site.

There are no records of current or former landfill sites within 500m of the site.
The local authority is not aware of any reason for immediate concern in relation to soil/groundwater
contamination at the site.

. The local authority has no plans to take any formal action under Part 2A of the Environmental Protection
Act 1990 in connection with the site or any adjacent sites.

3.1.4 Environment Agency Search Records

A search of records held by the agency relating to controlled waters at and in the vicinity of the site is
presented in Appendix D and can be summarised as follows:-

There is not a local report on ground water quality specifically for Turners Hill.

The agency do not have any groundwater level monitoring equipment in this area.

The agency has no information relating to porosity/permeability of the aquifer at the site.

The agency has no groundwater quality monitoring points within 2000m of the site. The nearest is circa
2200m away, although it is not located in the same aquifer type as is present at the site and owing to the
complex geological structure locally it is not certain that groundwater quality would be similar at all.

" 8" e e
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3.1.5 Site Reconnaissance

Site reconnaissance, including interviews with the client/landowner, was undertaken on 20/05/2014 in
accordance with DoE (1994a), Environment Agency (2004) and BSI (2011) by a geo-environmental
engineer from TGEN. Observations made during the site reconnaissance are summarised below and
should be read in conjunction with the plan presented in Figure 1 and the photographic record
presented in Appendix E.

Site Address Turners Hill, Turners Hill Road, West Sussex, RH10 4PD.
Site Area 6.0ha.
Grid Reference TQ33478 35645.
Usage Open land/fields.
Feature Details Description
North Open land (fields and woodland).
South Turners Hill Road with open land/fields beyond.
Land Uses East Woodland (Butchers Wood).
West Open land (fields and woodland).
Access n/a Egijite was accessed via a gated entrance in the SW corner off Turners Hill
Topography Site The S section of the site sloped gently downwards from_S to N. From the centre of
the site, the slope down to the N boundary became relatively steep.
Buildings Site There were no buildings at the site.
Surfacing Site The entire site was soft surfaced (grass).
The majority of the site was under grass/meadow with mature deciduous trees
Vegetation Site predominantly around the perimeter of the site, all of which appeared to be in good
health with no signs of stress or inhibited growth.
Foundations Site There were no buildings at the site and so foundations are not anticipated.
. . Not investigated. A series of electricity pylons are located orientated roughly E to
Services Site W along the N boundary of the site.
Activities Site At the time of the walkover survey the site was undeveloped open land/fields.
Tanks Site None observed at the site.
Interceptors Site None observed at the site.
Surface Water Site None observed at the site.

Observations

There was a ditch crossing the N boundary from W to E, which was dry. There was
General also another ditch that crossed the centre of the site roughly from W to E, which
was also dry.

3.1.6 Proposed Development

It is proposed to submit a planning application to the local authority to develop a natural burial ground
at the site. We assume that this will result in the vast majority of the site remaining as open land with
some form of access point and a small area of car parking near the site entrance.

Page 6 of 23
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3.2 Geology and Ground Conditions
3.2.1 Published Geology

The published geological survey map (1:50,000 scale, British Geological Survey, Sheet 302,
Horsham, Solid and Drift Edition) for the Turners Hill area is summarised in sequence from the surface
in the table below:-

Aquifer Area Estimated

HiEs Designation Covered Thickness Age UGS PesETie
Brown, moist,
. friable, very slightly
Topsoil N/A WST%' © é: Zcm% Recent stony, sandy, clay
' loam with frequent
fine roots.
Ardingly Majority Circa 10 to
Sandstone Secondary (A) of Site 20m Cretaceous Sandstone.
. NE . .
Lower Tunbridge Circa 20 to Sandstone, siltstone
Wells Sand Secondary (A) ct?];ngritgf 30m Cretaceous and mudstone.
. . N Circa12to
Grinstead Clay Unproductive boundary o5m Cretaceous Mudstone.
Wadhurst Clay Unproductive V\/Sri]g © C'r%%:'f to Cretaceous Mudstone

* Whilst the geological map does not record topsoil we have based the assessment on that made during the exploratory
investigation (see Section 4.2.2).

The geological map shows a fault line immediately to the N of the NW corner of the site orientated SW
to NE.

3.2.2 BGS Borehole Records

There are no BGS records within 2000m of the site. The nearest record at Worth Priory circa 2500m to
the SW is not shown to be in a similar geological strata sequence to the site and records Upper
Tunbridge Wells Sand (sandstone and clay) over Grinstead Clay to a depth of 29mbgl. The top of the
borehole was at 158.5mAQOD with a resting water level of 141.1mAOD or 17.4mbgl.

3.2.3 Other Ground Conditions

There is a low to negligible risk rating attributed to a range of ground stability hazards at the site. The
site is not within a radon affected area (as defined by the Health Protection Agency) as less than 1%
of properties are above the radon action level. In accordance with BRE (2007b), no radon protective
measures are considered necessary for new properties or extensions to existing ones. The site is not
listed as being within 1000m of an area potentially affected by coal mining.

3.2.4 Historical Surface Ground Working Features

Forty one historical surface ground working features are listed within 250m of the site. Thirty one of
the entries relate to ponds circa 50m to 220m from the site boundary. The remaining features include
the following:-

° An unspecified pit/old gravel pit circa 45 to 50m to the NW on mapping from 1874 to 1938.
° A sand pit circa 80 to 95m to the E on mapping from 1874 to 1895.
° An unspecified pit/old sand pit circa 155 to 165m to the W on mapping from 1874 to 1992.

3.2.5 Current Ground Working Features

There are fifty five entries for current ground workings within 1000m of the site boundary, although all
these are listed as having ceased operations. The closest are:-

° Miswell Wood Gravel Pit circa 70m to the NW which produced clay and shale.

° Butchers Wood Sand Pit circa 100m to the W, which produced sand.

° Tulleys Farm Pits circa 110m to the W (sand), 120m to the NW (clay and shale), 185m to the W
(sandstone).

Page 7 of 23
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3.3 Controlled Waters
3.3.1 Hydrogeology and Groundwater

Superficial drift at the site and in the majority of the surrounding areas is classified as unproductive,
although this is due to the fact that superficial drift is absent, as shown on the map below:-
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Secondary A aquifers are defined as permeable layers capable of supporting water supplies at a local rather than strategic
scale and in some cases forming an important source of base flow to rivers. These are generally aquifers formerly classified as
minor aquifers.

Secondary B aquifers are defined as predominantly lower permeability layers, which may store and yield limited amounts of
groundwater due to localised features such as fissures, thin permeable horizons and weathering. These are generally the
water-bearing parts of the former non-aquifers.

Secondary Undifferentiated aquifers are assigned in cases where it has not been possible to attribute either category A or B
to a rock type. In most cases, this means that the layer in question has previously been designated as both minor and non-
aquifer in different locations due to the variable characteristics of the rock type.

Principal aquifers are defined as layers of rock or drift deposits that have high inter-granular and/or fracture permeability -
meaning they usually provide a high level of water storage. They may support water supply and/or river base flow on a
strategic scale. In most cases, principal aquifers are aquifers previously designated as major aquifers.

Unproductive strata are described as those with low permeability and of negligible significance for water supply or river base
flow.
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The bedrock comprising Ardingly Sandstone (majority of the site) and Lower Tunbridge Wells Sand
(NE corner) is classified as a secondary (A) aquifer. The bedrock immediately to the N (Grinstead
Clay) is classified as unproductive, as shown on the map below:-
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Groundwater vulnerability across the majority of the site was classified as a minor aquifer with soils of
an intermediate leaching potential under the previous classification system. The area along the N

boundary was unclassified.

The Thames river basin management plan (RBMP) classifies the Copthorne Tunbridge Wells Sands
aquifer (located in the central and W section of the site) as being of good quantitative and chemical
quality (current and predicted) and the Kent Weald Western aquifer (located along the E section of the
site as being of a good quantitative quality (current and predicted) although of a poor chemical quality

(current and predicted).

The site is not located in or within 500m of an agency designated source protection zone (SPZ) for

potable water supply.
There is/are:-

° Two groundwater abstraction licenses listed within 2000m of the site boundary, located circa 630m to the S
at Groves Farm and 1960m to the NW at Home Farm, both of which are listed as being for general farming

and domestic use.

° No potable groundwater abstraction licenses listed within 2000m of the site boundary.
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3.3.2 Hydrology and Surface Water Features

There is/are:-

° Five detailed river network entries within 500m of the site boundary, the nearest of which relates to a
tertiary river circa 5m to the NE of the site, which is a tributary of the River Medway, which flows in a NE
direction. At the time of the site reconnaissance the stream was found to be dry.

° One agency general quality assessment (GQA) monitoring point for river quality within 1500m of the site
boundary, located circa 905m to the E for a reach (Sunnyside Stream confluence to Rashes Farm) of the
River Medway, which in 2009 was chemical grade B (good). Between 2005 and 2008, the chemical grade
had improved from D (bad) to C (fair).

° No surface water abstraction licenses listed within 2000m of the site boundary.

The Thames RBMP identifies the River Medway (of Weir Wood) circa 500m to the SE as being a low,
small, calcareous, heavily modified channel of poor current ecological quality and moderate predicted
ecological quality and good chemical quality (current and predicted). Burstow Stream in the River Mole
catchment, circa 1500m to the N, is identified in the Thames RBMP as being a low, small, calcareous
channel of bad ecological quality (current and predicted) and good chemical quality (current and
predicted). Shell Brook in the Adur and Ouse catchment, circa 1500m to the SE, is identified in the
South East RBMP as being a low, small, siliceous channel of moderate ecological quality (current and
predicted) and not requiring chemical assessment, as shown on the map below:-
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3.3.3 Flood Risk

The site is not located within 500m of an agency indicative floodplain. The site is listed as being within
an area potentially susceptible to groundwater flooding as a result of the underlying geological
conditions, which is designated as clearwater flooding (i.e. from an unconfined aquifer).

A flood risk assessment may therefore be required to support any development at the site.
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3.4 Environmental Setting
3.4.1 Authorisations, Incidents and Registers
There is/are:-

° No entries in the contaminated land register under Section 78R of the Environmental Protection Act 1990
Part IIA for the site or within 500m.

No IPC authorisations listed within 500m of the site boundary.

No Part A(1) and IPPC permits listed within 500m of the site boundary.

No Part A(2) or Part B permits listed within 500m of the site boundary.

Three licensed discharge consents within 500m of the site boundary, all of which are located at Turners Hill
Garage circa 330m to the NE, for sewage to a tributary of the River Medway and trade effluent into land.

° No agency recorded pollution incidents within 500m of the site boundary.

3.4.2 Landfill and Other Waste Sites
There is/are:-

No records of operational landfill sites within 1000m of the site boundary.
Five records of historic landfill sites within 1500m of the site boundary, the nearest of which relates to a
landfill at Rowfant Brickworks circa 615m to the NW.

9 Two records of waste treatment, transfer or disposal sites listed within 500m of the site boundary, the
nearest of which relates to a treatment facility operated by MNH Recycling Limited circa 795m to the NW.

3.4.3 Current Land Uses
There is/are:-

° No entries in the contemporary trade directory relating to the site itself.

° Three entries in the contemporary trade directory for potentially contaminative activities within 250m of the
site boundary, all of which relate to pylons (12m to the E, 125m to the W and 220m to the NW).

° One record of petrol/fuel sites within 500m of the site boundary, which relates to the now obsolete Turners
Hill Garage Ltd circa 390m to the E.

3.4.4 Environmentally Sensitive Land Uses

A review of information provided on www.magic.gov.uk and www.ads.ahds.ac.uk, and by the local
authority shows the following:-

° Turners Hill (circa 275m to the SE) and Wakehurst and Chiddingly Woods (circa 1170m to the S) are listed
by Natural England as sites of special scientific interest (SSSI).

° There are eighty eight records of ancient woodland within 2000m of the site boundary. The nearest is
Butchers Wood, which is located on and beyond the E boundary of the site.

. There are no local nature reserves (LNR), national nature reserves (NNR), world heritage sites, special
areas of conservation (SAC), special protection areas (SPA), Ramsar sites, areas of outstanding natural
beauty (AoNB) or national parks (NP) within 2000m of the site boundary.

" e e e

We are not aware of any ancient monuments or other archaeological sites at or in the immediate
vicinity of the proposed development. We are also not aware of any other statutory or non-statutory
designations relevant to the site, its surrounds or the proposed development.
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4.0 EXPLORATORY INVESTIGATION

In conjunction with the Phase 1 PRA, TGEN was commissioned to implement an exploratory
investigation to gather preliminary information on the nature of the subsurface strata present at the site
and the presence of potential contaminants within the near surface soils in order to:-

° Confirm and quantify the qualitative assessment of SPL.
° Inform the preliminary CSM.
° Determine the need for additional investigation and/or remedial measures.

4.1 Scope Of Works
The exploratory investigation included the following works:-

° The excavation of six exploratory holes (window sampler) to depths of up to 3.7mbgl across the site.

° Geo-environmental assessment of the strata encountered, including visual and olfactory evidence of
contamination.

° The recovery of representative samples of the underlying strata (topsoil and underlying natural ground) to
be submitted for laboratory analysis.

. Provision of a Tier 2 GQRA based on an assessment of the results and findings of the investigation in light
of the previous and proposed use of the site.

4.2 Exploratory Investigation

4.2.1 Exploratory Hole Locations
The locations of the boreholes are given in the exploratory hole location plan presented Figure 2.
4.2.2 Ground Conditions

During the exploratory investigation the exploratory holes were logged in accordance with BSI
(1999+A2:2010), copies of which are presented in Appendix F. The strata encountered generally
comprised a layer of topsoil over silty clayey sand over sandstone, as summarised in the table below:-

Maximum | Minimum Average n s
Stratum Thickness| Thickness | Thickness Typical Description Encountered
Brown, moist, friable, very slightly
Topsoil 0.50m 0.35m 0.39m stony, sandy clay loam with frequent | All locations
fine roots.
Weathered Orange brown, moist to dry, firm
3.40m 0.60m >2.34m becoming hard, silty, clayey sand with | All locations
Sandstone
rare gravel.

At locations BH1, BH2, BH4, BH5 and BH6, the strata was impenetrable at an average depth of
>2.73mbgl, where hard sandstone was encountered.

In general, the observations made during the exploratory investigation corroborate the published
geology with the near surface soil (topsoil and subsoil) being directly underlain by sandstone.
Groundwater was not recorded during the exploratory investigation.
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4.2.3 Sampling Strateqy

Representative samples of the soils encountered at each exploratory hole location were recovered
from across the site to provide an even coverage.

4.2.4 Collection, Preservation and Transport of Samples

The protocol for the collection, preservation and transportation of the samples to a TGEN approved
UKAS/MCERTS accredited laboratory, collected during the additional investigation is presented in
Appendix A.

4.2.5 Scheduled Testing of Soil Samples

A total of twenty two soil samples were recovered from representative depths throughout the
subsurface profiles from the exploratory locations and submitted to a UKAS/MCERTS accredited
laboratory. Of these, four samples of topsoil and seven samples of underlying natural ground were
selected for analysis of particle size distribution (PSD), pH, electrical conductivity and organic matter
content.

There was no visual or olfactory evidence of contamination in the soils across the site. However, in
order to confirm these observations four samples (two topsoil and two underlying natural ground) were
selected for a broad screen of total potential contaminants associated with a wide range of potentially
contaminative activities, as detailed in the table below:-

Metals/Semi Metals Hydrocarbons Non Metals
e Antimony e Copper e Speciated PAH e Cyanide (rotal & Free)
e Arsenic e |ead e Speciated TPH e Sulphate (total & water Soluble)
e Barium e Mercury *  Phenol (monohyaric) e Sulphide
e Beryllium e Molybdenum e pH
e Boron ¢ Nickel e Total Organic Carbon
e Cadmium e Selenium
e  Chromium (Cr'") e Vanadium
e Chromium (Cr") o Zinc

The results of laboratory testing undertaken on soil samples recovered during the exploratory
investigation are given in laboratory test reports listed below, each of which is presented in Appendix
G:-

NRM (ref. 34917-4 dated 02/06/2014).
NRM (ref. 34918-14 dated 02/06/2014).
QTSE (ref. 14-21892 dated 03/06/2014).
QTSE (ref. 14-21893 dated 03/06/2014).

" 8" e e
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5.0 TIER 2 GQRA

This section of our report comprises a generic assessment of the analytical results and other data
gathered during the exploratory investigation, through comparison of the measured contaminant
concentrations against appropriate criteria, in relation to the proposed development in order to inform
the preliminary CSM.

5.1 Human Health

For the Tier 2 GQRA for human health, where appropriate, we have selected the generic residential
GAC based on the measured pH and/or total organic carbon converted to organic matter content,
where required, to allow a very conservative initial assessment of the results.

All of the samples of topsoil and underlying natural ground across the respective dataset returned
concentrations that were below their respective conservative Tier 2 GAC for human health. In many
cases the concentrations returned were below the laboratory limits of detection. As such, these
materials would not be considered as a potential risk to end users in the context of the proposed
development of the site.

5.2 Landscape Planting and Property

All of the samples tested (topsoil and natural ground), returned concentrations that were below their
respective conservative Tier 2 GAC for landscape planting. The samples were generally near neutral in
reaction and would best suit species with a wide pH tolerance. As such, the soils at this site would be
considered a low risk to landscape planting.

5.3 Controlled Water

Controlled waters have been identified as a potential receptor at the site due to the designation of the
underlying bedrock as a secondary aquifer. We have based our assessment of risks to controlled
water on the information detailed in Sections 3 and 4.

There is no evidence of contamination at the site. As such, the risk of harm to controlled water from
the undeveloped site is likely to be very low.

5.3.1 Natural Burials

In order to assess the risk of harm to controlled water in terms of the proposed development, we have
followed the guidance provided in Environment Agency (2004) Assessing the Groundwater Pollution of
Cemetery Developments, which recommends a three tiered approach:-

° Tier 1: This is essentially a desk study or risk screening stage, where a preliminary site assessment
should take place including published maps (topographical, geological, hydrogeological), abstraction
licence records, groundwater vulnerability maps, SPZ maps and information on springs, private drinking
water supply boreholes and groundwater fed surface waters.

. Tier 2: A Tier 2 preliminary quantitative risk assessment with detailed desk study and preliminary site
investigation should be carried out for sites designated as an intermediate risk in Tier 1 or where the risks
are not clearly defined. Such sites should be subject to a more detailed desk study, some level of
investigation and monitoring to identify the hazards. Additional data, which may include an assessment of
the potential contaminant loading and likely attenuation within the transport pathways through simple
calculations may be required. For any proposal to be acceptable, the assessment should show that no
impact on groundwater would occur or, at worst, that the impact would not amount to pollution as defined
in the Groundwater Directive (that is, no impact from List | substances and ideally no impact from List Il
substances). If the proposal is deemed acceptable, conditions should be requested that ensure pollution
does not take place.

° Tier 3: If the risk is deemed to be high or is still not clearly defined from a Tier 2 assessment, then a Tier 3
detailed quantitative risk assessment (DQRA) is required. Sites falling into this category are likely to be
large in terms of both input rate and total area. A burial rate of 1,000 per year would be typical of a town
with 150,000 to 250,000 inhabitants and would equate to about 70 tonnes per year. In cases where there
seems to be a high risk of pollution to groundwater, a more detailed site investigation, risk assessment and
monitoring is required. The use of groundwater modelling techniques or other stochastic models will
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probably be necessary. Direct investigation of the properties of the soils and rock to 1m below grave depth
would be expected. Hydrogeological investigations should be based on site specific data. Where this is not
available, investigations should be conducted by an applicant with the agreement of the agency. For a
proposal to be acceptable, the assessment should show that no List | substances and ideally no List Il
substances should impact upon the groundwater. Microbiological contaminants must not endanger water
resources or supplies.

The principal factors controlling groundwater vulnerability are listed below:-

° Soil nature and type, including structure, leaching potential and soil vulnerability based on physical
properties affecting the downward migration of water and the ability of the soil to attenuate.

° Presence and nature of drift, including type and thickness.

° Depth to the water table, as an unsaturated zone can attenuate contamination by physical, biological and

chemical processes.

Groundwater flow mechanism (intergranular or fissured).

Groundwater vulnerability and aquifer type (principal, secondary, unproductive).

Abstractions.

Groundwater SPZ.

Proximity of watercourses, springs and drains.

T 8" e e e

In a Tier 1 assessment, a qualitative approach can be used whereby each item listed can be ranked
using a scoring system to prioritise those that are of most concern. The overall vulnerability can then
be assessed as low, medium or high.

The burial of corpses in cemeteries, and their subsequent degradation, has the potential to cause
pollution and therefore is a potential risk to controlled water (groundwater and/or surface water).

At green burial sites, the corpse is enclosed by a biodegradable coffin or shroud and buried at a depth
of at least 1.3mbgl with grass or shrub cover over the grave. Typically, green burials are located in
areas such as woodlands, nature reserves and gardens.

It is recommended that a suitable grave should:-

° Be located more than 10m from standing/running water and more than 50m from a well, borehole or spring
supplying potable water for human consumption.

. Have no standing water at the bottom when it is first excavated.

) Not be excavated in very sandy soil.

° Be deep enough to prevent foraging animals from disturbing the body.

The pollutants derived from human corpses are found as dissolved and gaseous organic compounds,
and dissolved nitrogenous forms (particularly ammoniacal nitrogen). There is also the potential,
depending upon the background environment, for increased pH resulting from the high proportion of
calcium.

The primary process governing the production, release and potential migration of pollutants from a
buried corpse is microbial decay. The rate of decay depends on the extent of microbial growth and
activity. This is influenced by:-

. The availability of nutrients (carbon, nitrogen, phosphorus, sulphur) and moisture. The high water content
of a corpse and the favourable carbon:nitrogen:phosphorus ratio in vertebrate bodies (about 30:3:1)
encourages rapid and complete degradation of the corpse.

° The soil pH. Neutral pH conditions are most favourable.

° The climate. Warm temperatures accelerate decomposition.

° The soil lithology. A well-drained soil will accelerate decomposition, whereas poorly drained soil (for
example peat) has the reverse effect.

° The burial practice. The depth of burial and coffin construction control the ease with which
invertebrates/vertebrates may gain access to the corpse and hasten its decay.

Water extracted from shallow depth with a shorter travel time since recharge has a higher pollution
risk than an extraction drawing on water with a long residence time. Using short travel times/pathways
as a prime criteria, many spring systems and shallow wells are more vulnerable to microbial pollution
problems than deep wells or boreholes.
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Contaminants from a burial site may migrate into:-

) The soil zone surrounding the burial.
) The unsaturated zone of the underlying aquifer.
) The saturated zone of the aquifer.

Soils are complex in composition and are the site of intense biochemical reactions, so contaminants
may change while passing through them. Air access is generally good (unless the soil is waterlogged),
encouraging the rapid oxidation of pollutants. The main processes contributing to the attenuation of
pollutants are filtration, sorption, biodegradation and chemical oxidation/reduction.

Below the soil, in the unsaturated zone, less chemical and biological activity takes place than in the
overlying soils. Oxygen diffusion from the surface is low and anoxic conditions may develop. However,
chemical and biochemical reactions may continue to attenuate pollutants.

Filtration and sorption may continue to de-mobilise particulates and some dissolved pollutants. The
potential for the aquifer matrix to remove pathogenic organisms by filtration depends on the nature of
the matrix. Where the major route for groundwater flow is through a porous intergranular matrix
(intergranular flow), such as sandstone aquifers, there is high filtration potential. Conversely, in
aquifers where fractures provide the predominant flow route, such as chalk aquifers, the potential for
filtration of microbes is limited.

At the site, the topsoil is a loam, sandy loam and sandy clay loam with adequate organic matter status
and a near neutral pH. The subsoil is a loam to sandy loam with an as expected lower organic matter
status and a near neutral pH. As such, the soil lithology at the site would appear to be well drained
and of a suitable physical status to promote microbial growth and activity and therefore decay.

The embalming of bodies is discouraged for green burials, so they are not considered to be a
significant potential source of formaldehyde pollution and we have assumed that this will not take
place at the site.

The nearest groundwater abstraction borehole is circa 630m to the S of the site, which is considered
to be of a very low risk in terms of being susceptible to any mobile contamination from the site due to
the potential for attenuation over such a long pathway. There is however a spring circa 10m beyond
the NE corner of the site, along the fault line where the unproductive Grinstead Clay to the N meets
the Lower Tunbridge Wells Sand and Ardingly Sandstone. Control measures may be required as part
of the development to further reduce any potential risks to the spring.

At the site there is, on average, circa 0.4m of topsoil over circa 2.3m of silty, clayey sandy subsoil. In
this 2.7m zone the soil appeared to be well aerated with a well-developed structure, which would
facilitate aeration and oxidation of the upper layers of the soil strata.

Groundwater was not encountered to the full depth in any of the exploratory locations to a maximum
depth of 3.7mbgl. On average, the strata was impenetrable at circa 2.7mbgl where the underlying
sandstone bedrock was encountered. Based upon the presence of a sandstone aquifer below the site
it is anticipated that there will be a high filtration potential as a result of intergranular flow comprising
the main component of flow within the aquifer.

Natural burial sites usually exhibit accelerated decay rates due to the relatively shallow depth of burial,
the biodegradable nature of the coffins or shrouds and the lack of embalming fluids. The infiltration
rate may be lower on such sites due to evapotranspiration by trees and shrubs. Decay will principally
be aerobic, producing carbon dioxide, water, nitrate and sulphate, which are generally less polluting
than those from anaerobic decay. As such, the proposed method of burial would be considered as
being of a lower pollution potential.
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5.4 Buildings and Construction Materials
5.4.1 Concrete Cast In-Situ

The maximum concentration of water soluble sulphate within the near surface soils was within BRE
(2005) Design Class DS-1 for concrete cast in-situ.

5.4.2 Water Supply Pipes

Should it be intended to install water supply pipes across any part of the site, then additional targeted
investigation may be required along the proposed route(s) (once finalised) in accordance with UKWIR
(2010) to allow an assessment to be made into the suitability of standard pipe materials at the site.
However, based upon the analysis undertaken on the soils encountered during the exploratory
investigation, it is considered likely that use of standard PE pipe materials would be appropriate. If
necessary, this should be confirmed with the local water company.

5.4.3 Hydrocarbon Vapours

Much of the underlying made and natural ground across the site was found to be free from visual and
olfactory indicators of volatile organic (e.g. hydrocarbon) contamination, which was corroborated by in-
situ VOC monitoring at each location and the organic hydrocarbon analysis undertaken. As such, the
propensity for the generation of VOC vapours from the soil at the site is considered to be very low.
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6.0 PRELIMINARY CONCEPTUAL SITE MODEL

The following section summarises the information gathered during the Phase 1 PRA and exploratory
investigation, culminating in the compilation of a preliminary CSM. The purpose of this section of the
report is to identify and assess the plausibility of sources of contamination, the presence of receptors
sensitive to such contamination and pathways between the two.

6.1 Potential Sources

A review of historical maps confirmed that since 1874 the site has remained undeveloped fields within
a predominantly rural area. No potentially contaminative uses have been identified associated with the
site or adjacent offsite activities.

The proposed development includes for the use of the site for natural burials, which we assume will be
undertaken in accordance with good practice and agency guidance for such activities, and will
therefore be of a low contaminative risk.

6.2 Potential Receptors

Based on the information summarised in Section 3.0 and the plans presented in Figures 1 and 2, we
would consider the following potentially sensitive receptors to be present at or adjacent to the site as a
result of the proposed development:-

End users (operatives and visitors).

Site operatives.

Landscape planting and property (see Appendix A).

Environment (ecology, amenity, archaeology and scheduled monuments).
Groundwater.

Surface water.

Buildings and construction materials.

6.3 Potential Pathways and SPL
6.3.1 Human Health SPL

We have based our assessment of the human health SPL on the following known facts and/or
assumptions:-

" 8" 8" e e e e

The proposed development comprises the reuse of existing open fields for green burials.
End users at the site are considered to comprise adults and occasionally children.
End users will comprise both operatives and visitors to the site. Operatives will visit the site on a routine
basis, whereas visitors will attend on an infrequent basis.
° There will be no areas where crops will be grown as part of the development.

We have therefore selected the following human health SPL as presented in the table below:-

Human Health Risk Matrix * SPL
1 Direct soil ingestion. Very Low ¢ x
2 Direct soil derived indoor dust ingestion. Very Low ¢ x
3 Consumption of site grown vegetables. Very Low ° x
4 Indirect ingestion via site grown vegetables. Very Low ° x
5 Skin contact with soil derived indoor dust. Very Low ¢ x
6 Skin contact with soil. Very Low ¢ x
7 Inhalation of soil derived indoor dust. Very Low ¢ x
8 Inhalation of soil derived outdoor dust. Very Low ¢ x
9 Inhalation of soil vapours indoors. Very Low ¢ x
10 Inhalation of soil vapours outdoors. Very Low ¢ x

* As per the risk matrix given in Appendix A. v/ SPL Present X SPL Absent

Due to the absence of an identifiable existing source of contamination and the low contaminating
potential of natural burial grounds, we would consider the severity of consequence to be minor and the
probability of a pollutant linkage unlikely, resulting in a very low risk rating. We would therefore
consider the human health SPL to be inactive.
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6.3.2 Landscape Planting and Property SPL

The entire site is to be soft landscaped (existing and proposed), which will include amenity grass and
mature trees and shrubs.

Landscape Planting and Property Risk Matrix * SPL
11 Root uptake of soluble contaminants in surface soils. Very Low ¢ x
12 Intake of soil contaminants by animals. Very Low ¢ x

* As per risk the matrix given in Appendix A. v SPL Present % SPL Absent

Due to the absence of an identifiable existing source of contamination and the low contaminating
potential of natural burial grounds, we would consider the severity of consequence to be minor and the
probability of a pollutant linkage unlikely, resulting in a very low risk rating. We would therefore
consider the landscape planting and property SPL to be inactive.

6.3.3 Environment SPL

With the exception of short term impacts in the immediate vicinity of the site during the development
itself (e.g. noise and dust), which we assume will be controlled through the implementation of good
practice, it is not considered that a long term SPL would be active as a result of the development.

Environment Risk Matrix * SPL

Direct/indirect impacts of the development on the surrounding

q
13 environment. Very Low x

* As per the risk matrix given in Appendix A. v SPL Present % SPL Absent

Due to the distance to a plausible receptor, absence of an identifiable existing source of contamination
and the low contaminating potential of natural burial grounds, we would consider the severity of
consequence to be minor and the probability of a pollutant linkage unlikely, resulting in a very low risk
rating. We would therefore consider the environment SPL to be inactive.

6.3.4 Groundwater SPL

There is no evidence of contamination at the site. As such, the risk of harm to groundwater from the
undeveloped site is likely to be very low.

In terms of assessing the groundwater pollution potential of a natural burial development, the principal
factors controlling groundwater vulnerability are listed below:-

Natural Burial Sites (Groundwater)

Soil nature and type, including structure, leaching
potential and soil vulnerability based on physical
properties affecting the downward migration of water
and the ability of the soil to attenuate.

Topsoil/subsoil is a well-structured, well-drained, sandy
loam, loam to sandy clay loam, providing a high
propensity for attenuation and degradation.

Presence and nature of drift, including type and

thickness.

Superficial drift is absent at the site.

Depth to the water table, as an unsaturated zone can
attenuate contamination by physical, biological and
chemical processes.

Groundwater was not encountered during the
exploratory investigation to the full depth of the
exploratory holes. As such, the water table is likely to
be in excess of 3.7mbgl.

Groundwater flow mechanism

fissured).

(intergranular or

Intergranular.

Groundwater vulnerability and aquifer type (principal,
secondary, unproductive).

Secondary (A).

Abstractions.

The nearest groundwater abstraction is circa 630m to
the S.

Groundwater SPZ.

The site is not located in an SPZ with the nearest being
circa 6000m to the SW.

Due to the absence of an identifiable existing source of contamination and the low contaminating
potential of natural burial grounds, we would consider the severity of consequence to be minor and the
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probability of a pollutant linkage being unlikely resulting in a very low risk rating. We would therefore
consider the principal aquifer and secondary aquifer SPL to be inactive.

Groundwater Risk Matrix * SPL

Leaching of contaminants from the near surface soil via vertical q
14 infiltration to a principal aquifer. Very Low X
Leaching of contaminants from the near surface soil via vertical q N
15 infiltration to a secondary aquifer. Very Low

* As per the risk matrix given in Appendix A. v SPL Present % SPL Absent
6.3.5 Surface Water SPL

There is no evidence of contamination at the site. As such, the risk of harm to surface water from the
undeveloped site is likely to be very low.

In terms of assessing the surface water pollution potential of a natural burial development, the
principal factors controlling surface water vulnerability are listed below:-

Surface Water — Green Burial Sites

This a spring circa 5m to the NE of the site and severl
Proximity of watercourses, springs and drains. agricultural ditches around the perimeter and one that
crosses the centre of the site.

There is no identifiable existing source of contamination at the site and the proposed natural burial
development is considered to have a low contaminating potential. However, there is a spring circa
10m to the NE of the site boundary, which appears to feed a tributary of the River Medway, which
subsequently flows in a NE direction away from the site. As such, we would consider this to represent
an active SPL with a mild severity of consequence and low likelihood with a resultant low risk ranking.

Surface Water Risk Matrix * SPL

16 | Horizontal migration of impacted water to surface water receptors. Low " v

* As per the risk matrix given in Appendix A. v SPL Present % SPL Absent
6.3.6 Buildings and Construction Materials SPL

Based on the latest UK guidance from BRE, CIRIA and NHBC etc., some types of contaminants
associated with made ground, former industrial activities and some natural strata (e.g. heavy metals,
organic compounds, cyanides and sulphates etc.) could potentially have a detrimental effect on
construction materials, such as below ground concrete structures, pipework/services and membranes
through direct contact. In addition to this, volatile compounds and ground gases may potentially
migrate through permeable below ground strata and accumulate in void spaces (e.g. rooms and cavity
spaces etc.), where they can be considered to pose a risk to the buildings through potential
flammability/explosivity.

There are no current or historic landfill sites within 1000m of the site. There would appear to be no
sources of ground gas at or in the immediate vicinity of the site. We would consider the severity of
consequence to be minor and the probability of a pollutant linkage unlikely, resulting in a very low risk
rating. We would therefore consider the buildings and construction materials SPL to be inactive.

Buildings and Construction Materials Risk Matrix * SPL
Direct contact of aggressive chemical contaminants with subsurface q
17 I . Very Low x
building materials.
18 Migration . of_ gro_und gases/vapours within permeable strata Very Low <
accumulating in void spaces.

* As per the risk matrix given in Appendix A. v SPL Present % SPL Absent
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6.4 Preliminary CSM & Risk Assessment

The table below presents a preliminary CSM for the site based upon the historic and contemporary
information reviewed and summarises in a tabular form the relevant sources, pathways and receptors
on the site that may be associated with the proposed development.

Source(s) Near Surface Soil
1) Direct soil ingestion X x x x x x x
2) Direct soil derived indoor dust ingestion X X x x x x x
3) Consumption of site grown vegetables x x x x X X X
4) Indirect ingestion via site grown vegetables x x x x x x x
5) Skin contact with soil derived indoor dust X X X x x x x
6) Skin contact with soil x x x x x X x
7) Inhalation of soil derived indoor dust x X x X x x x
‘2 8) Inhalation of soil derived outdoor dust 4 4 x x x x x
g 9) Inhalation of soil vapours indoors x x x x x x x
£ 10) Inhalation of soil vapours outdoors X X x x x x x
g 11) Root uptake of soluble contaminants within surface soils x x x x x X X
12) Intake of soil contaminants by animals x x x x X x X
13) Direct/indirect impacts of the development on the environment x x X x x x X
14) Vertical leaching of contaminants to a principal aquifer X x x x x x x
15) Vertical leaching of contaminants to a secondary aquifer x x x x X X x
16) Horizontal migration of impacted water to controlled surface water X x x x v X X
17) Direct contact with surface soils X x X x x x x
18) Migration/accumulation of volatile compounds/ground gases X X x x x x x
> »
= 8
2 5
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v Pathway Present x Pathway Absent

It should be noted that exposure pathways from deep soils (>1mbgl) and inorganic compounds within the groundwater (i.e.
metals) and semi-volatile organic compounds with a Henry’s Law Constant less than 1E * atm m¥mole (i.e. certain PAH)
have not been considered with regards to human health.

The risk of potentially significant harm being caused to potentially sensitive receptors by the impact of
the potential environmental hazards identified at or surrounding the site in its current state with
regards to the proposed end use is deemed to be LOW.

The risk of the site being classified as contaminated land by the local authority under the provisions of
the statutory guidance made under Part IIA of the Environmental Protection Act (1990) is VERY LOW.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Within the preliminary CSM the overall risk attributed to the potential for contamination to exist at the
site was considered to be low to very low and based upon the findings of the Phase 1 PRA and
exploratory investigation the only active SPL would be from the proposed development to surface
water as a result of the presence of a spring circa 10m to the NE of the site and agricultural ditches at
and around the perimeter of the site.

As such, we would consider the overall vulnerability of the site as being low and therefore no further
assessment would be necessary, although control measures should be implemented in order to
minimise risks from the active SPL.

7.1 Control Measures

The level of risk has been assessed as low. However, the following control measures should be
implemented as part of the development:-

° No burials should take place within 30m of the spring/watercourse in the NE of the site.
. No burials should take place within 10m of the field drains at and around the perimeter of the site.
) No burials should take place into standing water.

7.2 Discovery Strateqy

Whilst the investigations undertaken to date have provided a robust assessment of potential
contamination across the site, there is a residual risk, albeit very small, of contamination being present
in small discrete areas (hot spots) and there can be no certainty that such areas have been located
and/or sampled. As such, a discovery strategy should be implemented by all those involved with
development at the site, including the main contractor and sub-contractors, and particularly those
involved in ground works (e.g. groundwork contractor, gravediggers etc.).

7.3 Other Considerations

We assume that any other requirements (e.g. geotechnical assessment, flood risk assessment,
ecology survey etc.) will be dealt with by others.

7.4 Requlatory Approval

We would recommend that formal approval be sought from the relevant regulatory authorities with
regards to the recommendations contained within this report prior to commencing with any future
phases of development at the site.
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8.0 LIMITATIONS AND USE OF THIS REPORT

IMPORTANT: This section should be read before reliance is placed on any of the opinions, advice,
recommendations or conclusions set out in this report.

This report has been prepared for the purpose of providing advice to the client pursuant to its appointment of
Terragen Environmental Consultants Limited (TGEN) to act as a consultant.

Save for the client no duty is undertaken or warranty or representation made to any party in respect of the
opinions, advice, recommendations or conclusions herein set out.

All work carried out in preparing this report has used, and is based upon, our professional knowledge and
understanding of the current relevant English and European Community standards, approved codes of
practice, technology and legislation.

Changes in the above may cause the opinion, advice, recommendations or conclusions set out in this report
to become inappropriate or incorrect. However, in giving its opinions, advice, recommendations and
conclusions, TGEN has considered pending changes to environmental legislation and regulations of which it
is currently aware. Following delivery of this report, we will have no obligation to advise the client of any such
changes, or of their repercussions.

TGEN acknowledges that it is being retained, in part, because of its knowledge and experience with respect
to environmental matters. TGEN will consider and analyse all information provided to it in the context of our
knowledge and experience and all other relevant information known to us. To the extent that the information
provided to us is not inconsistent or incompatible therewith, TGEN shall be entitled to rely upon and assume,
without independent verification, the accuracy and completeness of such information.

The content of this report represents the professional opinion of experienced environmental consultants.
TGEN does not provide specialist legal advice and the advice of lawyers may be required.

In the summary and recommendations sections of this report, TGEN has set out our key findings and
provided a summary and overview of our advice, opinions and recommendations. However, other parts of
this report will often indicate the limitations of the information obtained by TGEN and therefore any advice,
opinions or recommendations set out in the executive summary, summary and recommendations sections
ought not to be relied upon unless they are considered in the context of the whole report.

The assessments made in this report are based on the ground conditions as revealed by walkover survey
and/or intrusive investigations, together with the results of any field or laboratory testing or chemical analysis
undertaken and other relevant data which may have been obtained including previous site investigations. In
any event, ground contamination often exists as small discrete areas of contamination (hot spots) and there
can be no certainty that any or all such areas have been located and/or sampled.

There may be special conditions appertaining to the site which have not been taken into account in the
report. The assessment may be subject to amendment in light of additional information becoming available.
Where any data supplied by the client or from other sources, including that from previous site investigations,
have been used it has been assumed that the information is correct. No responsibility can be accepted by
TGEN for inaccuracies within the data supplied by other parties.

Whilst the report may express an opinion on possible ground conditions between or beyond trial pit or
borehole locations, or on the possible presence of features based on either visual, verbal or published
evidence this is for guidance only and no liability can be accepted for the accuracy thereof.

Comments on groundwater conditions are based on observations made at the time of the investigation
unless otherwise stated. Groundwater conditions may vary due to seasonal or other effects.

This report is prepared and written in the context of the agreed scope of work and should not be used in a
different context. Furthermore, new information, improved practices and changes in legislation may
necessitate a reinterpretation of the report in whole or part after its original submission.

The copyright in the written materials shall remain the property of the TGEN but with a royalty-free perpetual
license to the client deemed to be granted on payment in full to TGEN by the client of the outstanding
amounts.

These terms apply in addition to the TGEN standard terms of engagement (or in addition to another written
contract which may be in place instead thereof) unless specifically agreed in writing (In the event of a conflict
between these terms and the said standard terms of engagement the said standard terms of engagement
shall prevail). In the absence of such a written contract the standard terms of engagement will apply.

TGEN maintains adequate insurance cover for public liability and professional indemnity. However, we are
unable to accept liability for asbestos related matters. Our work must not be taken as sufficient to identify the
presence or absence of asbestos in or on the ground. In placing a contract with us the client accepts the
restriction on asbestos. If we find or strongly suspect asbestos is or may be present in or on the ground we
will inform the client and advise specialist investigation. The client agrees that they shall not bring any claim
personally against any director / employee or consultant to us in respect of loss or damage suffered by the
client arising out of this contract.
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Figure 1 Site Location Plan.
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Figure 2 Exploratory Hole Location Plan.
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Exploratory Hole Location Plan

—:_‘—‘ux__“— BH5 /
- -
T~ —— S S
e . i Y _ /
s s D _‘[J:_ O
\«_‘."-\ ol
\\ \‘__ -




Hartmires Investments Limited
TJ2770AR1v1.0 - Turners Hill, Turners Hill Road, Crawley, West Sussex, RH10 4PD
July 2014

Appendix A TGEN Protocol.
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1.0 REGULATORY FRAMEWORK

Throughout this document and in particular this section it is important to differentiate between
contaminated land, which is used to mean land which meets the legal definition of contaminated land
and other terms, such as land affected by contamination or land contamination etc., which are used to
describe the much broader categories of land where contaminants are present or suspected,
potentially requiring some form of mitigation, but usually not at a sufficient level of risk to meet the
legal definition of contaminated land.

1.1 Part llA Framework

Part I1A of the Environmental Protection Act (1990) (Part lIA) introduced a statutory legal definition for
contaminated land, as follows:-

“...any land which appears to the local authority in whose area it is situated to be in such a condition,
by reason of substances in, on or under the land , that -

a) significant harm is being caused or there is a significant possibility of such harm being caused, or
b) pollution of controlled waters is being, or is likely to be caused”

Under Part IlA, the default assumption should be that land is not contaminated land unless there is
sufficient reason to consider otherwise. DEFRA (2012a) is the statutory guidance (the guidance) in
support of the contaminated land regulations produced by DEFRA (2012b), which amended the 2006
regulations, which in turn revoked the 2000 regulations. The 2000 regulations enabled the Part 1A
regime.

The guidance details how the Part IIA regime should be implemented. The guidance also details the
decision process required to determine whether land is contaminated or not, along with remediation
provisions, the goals of remediation, how regulators should ensure that the remediation requirements
are reasonable and the process by which the enforcing authority may recover the costs of remediation
from liable parties.

The government’s objectives with respect to contaminated land are to:-

+ Identify and remove unacceptable risks to human health and the environment.

*  Seek to ensure that contaminated land is made suitable for its current use.

*« Ensure that the burdens faced by individuals, companies and society as a whole are
proportionate, manageable and compatible with the principles of sustainable development.

These three objectives underlie the fitness for purpose approach to remediation of contaminated land
within the UK. The fitness for purpose approach consists of three elements:-

* Ensuring that land is suitable for its current use by identifying any land where contamination is
causing unacceptable risks to human health and/or the environment, assessed on the basis of the
current use and circumstances of the land, and returning such land to a condition where such
risks no longer exist (i.e. through remediation of the land).

« Ensuring that land is made suitable for any new use as granted by planning permission by
assessing the potential risks from contamination, on the basis of the proposed future use and
circumstances, before final approval is given for the development and, where necessary to avoid
unacceptable risks to human health and/or the environment, remediating the land before the new
use commences. This is the role of the town and country planning and building control regimes.

» Limiting the requirements for remediation to the work necessary to prevent unacceptable risks to
human health and/or the environment in relation to the current use or future use of the land for
which planning permission is being sought by recognising that the risks from contaminated land
can be satisfactorily assessed only in the context of specific uses of the land (whether current or
proposed), and that any attempt to guess what might be needed at some time in the future for
other uses is likely to result either in premature work (thereby risking distorting social, economic
and environmental priorities) or in unnecessary work (thereby wasting resources).
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In implementing the Part IIA regime, the local authority is required to strike a reasonable balance
between:-

« Dealing with risks raised by contaminants in land and the benefits of remediating land to remove
or reduce those risks.

» The potential impacts of regulatory intervention including the financial costs to whoever will pay for
remediation, health and environmental impacts of taking action, property blight and burdens on
affected people.

In most cases, Part llA is regulated by the local authority and their role is to:-

* Inspect their area to identify contaminated land.

= Establish responsibilities for remediation of the land.

*  See that appropriate remediation takes place through agreement with those responsible, or if not
possible by serving a remediation notice or by the use of other powers, or in certain
circumstances carrying out the work themselves.

*«  Keep a public register detailing the regulatory action which they have taken.

For special sites the Environment Agency (the agency) will take over from the local authority as
regulator. Special sites typically include:-

+ Contaminated land which affects controlled water and its quality.
»  Qil refineries.

»  Nuclear sites.

* Waste management sites.

Liability for remediation of contaminated land would be assigned to persons, organisations or
businesses if they caused, or knowingly permitted contamination, or if they own or occupy
contaminated land in a case where no polluter can be found.

The authority is required to take a precautionary approach to the risks raised by contamination, whilst
avoiding disproportionality given the circumstances of each case. The aim being to consider the
various benefits and costs of taking action with a view to ensuring that the regime produces net
benefits, taking account of local circumstances.

Most remediation of land contamination in the UK takes place when a site is redeveloped for a new
use. Conditions requiring remediation are normally attached to the planning consent. Where no
redevelopment is proposed, a remediation notice can be served under the contaminated land regime
introduced under Part IIA. Government policy is to encourage voluntary remediation of contamination
through site redevelopment wherever possible rather than regulation under the contaminated land
regime.

The Part IlA legislation is typically reserved for the most contaminated sites. The presence of harmful
chemicals could provide a source in a pollutant linkage allowing the regulator to determine if there is a
significant possibility of harm being caused to humans, buildings or the environment. Under such
circumstances, the regulator would determine the land as contaminated under the provision of the
legislation requiring the remediation process to be implemented.

Part 1A takes a risk-based approach to defining contaminated land. For the purposes of the guidance,
risk means the combination of the likelihood that harm, or pollution of water, will occur as a result of
contaminants in, on or under the land and the scale and seriousness of such harm or pollution if it did
occur.
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Under Part IIA, risks should be considered only in relation to the current use of the land. For the
purposes of the guidance, the current use means:-

+  The use which is being made of the land currently.

*« Reasonably likely future uses of the land that would not require a new or amended grant of
planning permission.

= Any temporary use to which the land is put, or is likely to be put, from time to time within the
bounds of current planning permission.

« Likely informal use of the land, for example children playing on the land, whether authorised by
the owners or occupiers, or not.

= In the case of agricultural land, the current agricultural use should not be taken to extend beyond
the growing or rearing of the crops or animals which are habitually grown or reared on the land.

Under Part llA, for a risk to exist there needs to be one or more contaminant-pathway-receptor
linkages by which a relevant receptor might be affected by the contaminants in question. Therefore for
a risk to exist there must be contaminants present in, on or under the land in a form and quantity that
poses a hazard, and one or more pathways by which they might significantly harm people, the
environment, or property, or significantly pollute controlled waters.

= A contaminant is a substance which is in, on or under the land and which has the potential to
cause significant harm to a relevant receptor or to cause significant pollution of controlled waters.

= A receptor is something that could be adversely affected by a contaminant, i.e. a person, an
organism, an ecosystem, property or controlled waters. The various types of receptors that are
relevant under the Part IIA regime are explained in later sections.

« A pathway is a route by which a receptor is or might be affected by a contaminant.

All three elements of a contaminant linkage must exist in relation to land before it can be considered
potentially to be contaminated land under Part lIA. The term significant contaminant linkage means a
contaminant linkage, which gives rise to a level of risk sufficient to justify a piece of land being
determined as contaminated land. The term significant contaminant means a contaminant that forms
part of a significant contaminant linkage.

The Part IlA regime was introduced to help identify and deal with land that poses unacceptable levels
of risk. It is not intended to apply to land with levels of contaminants in soil that are commonplace and
widespread and for which, in the very large majority of cases, there is no reason to consider that there
is an unacceptable risk.

Normal background concentrations (NBC) of contaminants in soil should not be considered to cause
land to qualify as contaminated land, unless there is a particular reason to consider otherwise.
Therefore, if it is established that land is at or close to NBC of particular contaminants, it should
usually not be considered further in relation to the Part IIA regime.

In terms of the guidance, NBC of contaminants in soil may result from:-

* The natural presence of contaminants (e.g. caused by soil formation processes and underlying
geology) at levels that might reasonably be considered typical in a given area and have not been
shown to pose an unacceptable risk to health or the environment.

+ The presence of contaminants caused by low level diffuse pollution and common human activity
other than specific industrial processes. For example, this would include diffuse pollution caused
by historic use of leaded petrol and the presence of benzo(a)pyrene from vehicle exhausts, and
the spreading of domestic ash in gardens at levels that might reasonably be considered as typical.

NBC of contaminants in English soils have recently been established by DEFRA (2012c) following
work undertaken by the British Geological Survey (BGS). The primary data sets used were the BGS
geotechnical baseline survey of the environment and the English national soil inventory. NBC of
arsenic, benzo(a)pyrene, cadmium, copper, lead, mercury and nickel have been determined for
specific domains, such as the underlying parent rock/material, mineralisation/mining activity or an
urban setting. That remaining is termed the principal domain.
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Under Part IlA, there is a requirement to determine whether there is a possibility of significant harm. In
terms of human health, this means the risk posed by one or more relevant contaminant linkage(s)
relating to the land. It comprises:-

*« The estimated likelihood that significant harm might occur to an identified receptor, taking account
of the current use of the land in question.

* The estimated impact if the significant harm did occur i.e. the nature of the harm, the seriousness
of the harm to any person who might suffer it and (where relevant) the extent of the harm in terms
of how many people might suffer it.

In estimating the likelihood that a specific form of significant harm might occur the local authority
should, among other things, consider:-

» The estimated probability that the significant harm might occur if the land continues to be used as
it is currently being used and where relevant, if the land were to be used in a different way (or
ways) in the future.

» The strength of evidence underlying the risk estimate. It should also consider the key assumptions
on which the estimate of likelihood is based and the level of uncertainty underlying the estimate.

In the context of the Part IIA regime the following health effects would be considered to constitute
significant harm to human health:-

Death.

Life threatening diseases (e.g. cancers).

Other diseases likely to have serious impacts on health.
Serious injury.

Birth defects.

Impairment of reproductive functions.

" & e e e e

Other health effects may be considered to constitute significant harm. For example, a wide range of
conditions may or may not constitute significant harm (alone or in combination) including physical
injury, gastrointestinal disturbances, respiratory tract effects, cardiovascular effects, central nervous
system effects, skin ailments, effects on organs such as the liver or kidneys or a wide range of other
health impacts. In deciding whether or not a particular form of harm is significant harm, the local
authority should consider the seriousness of the harm in question including the impact on the health,
and quality of life, of any person suffering the harm; and the scale of the harm. The authority should
only conclude that harm is significant if it considers that treating the land as contaminated land would
be in accordance with the broad objectives of the regime.

In deciding whether or not land is contaminated land on the grounds of significant possibility of
significant harm to human health (SPOSH), the guidance introduces four categories. Categories 1 and
2 encompass land which is capable of being determined as contaminated land on the grounds of
SPOSH to human health and Categories 3 and 4 would encompass land which is not capable of being
determined on such grounds.

Category 1 (Human Health)

A SPOSH exists in any case where there is an unacceptably high probability, supported by robust
science-based evidence that significant harm would occur if no action were taken to stop it. In such
cases, the land should be deemed to be Category 1 where:-

«  Similar land or situations are known, or are strongly suspected, on the basis of robust evidence, to
have caused such harm before in the UK.

« Similar degrees of exposure (via any medium) to the contaminant(s) in question are known, or
strongly suspected, on the basis of robust evidence, to have caused such harm before in the UK
or elsewhere.

+ Significant harm may already have been caused by contaminants in, on or under the land, and
that there is an unacceptable risk that it might continue or occur again if no action is taken. Among
other things, the authority may decide to determine the land on these grounds if it considers that it
is likely that significant harm is being caused, but it considers either that there is insufficient
evidence to be sure of meeting the balance of probability test for demonstrating that significant
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harm is being caused, or that the time needed to demonstrate such a level of probability would
cause unreasonable delay, cost, or disruption and stress to affected people particularly in cases
involving residential properties.

Category 4 (Human Health)
If the level of risk posed is low or there is no perceived risk then it should not be assumed that land

poses a SPOSH. Such land is referred to as Category 4. The following types of land should be placed
into Category 4:-

* Land where no relevant contaminant linkage has been established.

« Land where there are only NBC of contaminants in soil.

+ Land that has been excluded from the need for further inspection and assessment because
contaminant levels do not exceed relevant generic assessment.

* Land where estimated levels of exposure to contaminants in soil are likely to form only a small
proportion of what a receptor might be exposed to anyway through other sources of
environmental exposure (e.g. in relation to average estimated national levels of exposure to
substances commonly found in the environment, to which receptors are likely to be exposed in the
normal course of their lives).

Categories 2 and 3 (Human Health)

Land that cannot be placed into Categories 1 or 4 should be placed into either Category 2, in which
case the land would be capable of being determined as contaminated land on the grounds of SPOSH
or Category 3, in which case the land would not be capable of being determined on such grounds.

Land should be placed into Category 2 if there is a strong case for considering that the risks from the
land are of sufficient concern that the land poses a SPOSH with all that this might involve. Category 2
may include land where there is little or no direct evidence that similar land, situations or levels of
exposure have caused harm before, but nonetheless there is a strong case for taking action under
Part IIA on a precautionary basis.

Land should be placed into Category 3 if the strong case (as described for Category 2) does not exist,
and therefore the legal test for SPOSH is not met. Category 3 may include land where the risks are
not low but nonetheless regulatory intervention under Part lIA is not warranted. This recognises that
placing land in Category 3 would not stop others, such as the owner or occupier of the land, from
taking action to reduce risks outside of the Part IIA regime if they choose.

SPOSH

GACISGYs
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Generic assessment criteria (GAC) and soil guideline values (SGV) relating to human health in
representative end use scenarios are considered to represent cautious estimates of levels of
contaminants in soil at which there is considered to be no risk to health or, at most, a minimal risk to
health (i.e. Category 4). With regard to such criteria/values:-

*«  GAC/SGV may be used to indicate when land is very unlikely to pose a SPOSH to human health.
This is on the basis that they are designed to estimate levels of contamination at which risks are
likely to be negligible or minimal and far from posing a SPOSH to human health.

*  GAC/SGV should not be used as direct indicators of whether a SPOSH to human health may
exist. Also, the degree by which they are exceeded should not be viewed as being particularly
relevant to this consideration, given that the degree of risk posed by land would normally depend
on many factors other than simply the amount of contaminants in soil.

*» GAC/SGV should not be seen as screening levels which describe the boundary between
Categories 3 and 4 (i.e. the two categories in which land would not be contaminated land on the
grounds of risks to human health). In the very large majority of cases, the GAC/SGV thresholds
should describe levels of contamination from which risks should be considered to be comfortably

within Category 4.

+  GAC/SGV should not be viewed as indicators of levels of contamination above which detailed risk
assessment would automatically be required under Part IIA.
*  GAC/SGV should not be used as generic remediation targets under the Part IIA regime. Nor
should they be used in this way under the planning system (e.g. in relation to ensuring that land
affected by contamination does not meet the Part IIA definition of contaminated land after it has

been developed).

In terms of the Part IIA regime, only the forms of harm to non-human receptors described in the table
below should be considered as relevant in considering whether significant harm is being caused or
there is a significant possibility of such harm.

Relevant Types of Receptor

Significant Harm

SPOSH

Any ecological system, or living
organism forming part of such a
system, within a location which is:-

* A site of special scientific interest
(under section 28 of the Wildlife and
Countryside Act 1981).

® A national nature reserve (under
s.35 of the 1981 Act).

* A marine nature reserve (under s.36
of the 1981 Act).

® An area of special protection for
birds (under s.3 of the 1981 Act).

* A European site within the meaning
of regulation 8 of the Conservation
of Habitats and Species
Regulations 2010.

* Any habitat or site afforded policy
protection under paragraph 6 of
Planning Policy Statement (PPS 9)

on nature conservation (i.e.
candidate  Special Areas  of
Conservation  (SAC), potential

Special Protection Areas (SPA) and
listed Ramsar sites).

°® Any nature reserve  (NNR)
established under section 21 of the
National Parks and Access to the
Countryside Act 1949.

The following types of harm should be
considered to be significant:-

® Harm which results in an
irreversible adverse change, or in
some other substantial adverse
change, in the functioning of the
ecological system within any
substantial part of that location.

® Harm which significantly affects any
species of special interest within
that location and which endangers
the long-term maintenance of the
population of that species at that
location.

In the case of European sites, harm
should also be considered to be
significant harm if it endangers the
favourable conservation status of
natural habitats at such locations or
species typically found there. In
deciding what constitutes such harm,
the local authority should have regard
to the advice of Natural England and to
the requirements of the Conservation of
Habitats and Species Regulations
2010.

Conditions would exist for considering
that a SPOSH exists to a relevant
ecological receptor where the local
authority considers that:-

* Significant harm of that description
is more likely than not to result from
the contaminant linkage in question.

* There is a reasonable possibility of
significant harm of that description
being caused, and if that harm were
to occur, it would result in such a
degree of damage to features of
special interest at the location in
question that they would be beyond

any practicable possibility of
restoration.
Any assessment made for these

purposes should take into account
relevant information for that type of
contaminant linkage, particularly in
relation to the ecotoxicological effects
of the contaminant.
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Relevant Types of Receptor

Significant Harm

SPOSH

Property in the form of:-

* Crops, including timber.

® Produce grown domestically, or on
allotments, for consumption.

® Livestock.

® Other owned or
animals.

* Wild animals which are the subject
of shooting or fishing rights.

domesticated

For crops, a substantial diminution in
yield or other substantial loss in their
value resulting from death, disease or
other physical damage. For domestic
pets, death, serious disease or serious
physical damage. For other property in
this category, a substantial loss in its
value resulting from death, disease or
other serious physical damage.

The local authority should regard a
substantial loss in value as occurring
only when a substantial proportion of
the animals or crops are dead or
otherwise no longer fit for their intended
purpose. Food should be regarded as
being no longer fit for purpose when it
fails to comply with the provisions of the
Food Safety Act 1990. Where a
diminution in yield or loss in value is
caused by a contaminant linkage, a
20% diminution or loss should be
regarded as a benchmark for what
constitutes a substantial diminution or
loss.

This description of significant harm is
referred to as an animal or crop effect.

Conditions would exist for considering
that a SPOSH exists to the relevant
types of receptor where the local
authority considers that significant harm
is more likely than not to result from the
contaminant linkage in question, taking
into account relevant information for

that type of contaminant linkage,
particularly  in  relaton to the
ecotoxicological effects of the

contaminant.

Property in the form of buildings.

For this purpose, building means any
structure or erection, and any part of a
building including any part below
ground level, but does not include plant
or machinery comprised in a building,
or buried services such as sewers,
water pipes or electricity cables.

Structural failure, substantial damage
or substantial interference with any
right of occupation. The local authority
should regard substantial damage or
substantial interference as occurring
when any part of the building ceases to
be capable of being used for the
purpose for which it is or was intended.

In the case of a scheduled ancient
monument (SAM), substantial damage
should also be regarded as occurring
when the damage significantly impairs
the historic, architectural, traditional,
artistic or archaeological interest by
reason of which the monument was
scheduled.

This description of significant harm is
referred to as a building effect.

Conditions would exist for considering
that a SPOSH exists to the relevant
types of receptor where the local
authority considers that significant harm
is more likely than not to result from the
contaminant linkage in question during
the expected economic life of the
building (or in the case of a SAM the
foreseeable future), taking into account
relevant information for that type of
contaminant linkage.

1.2 Planning Framework

In accordance with DCLG (2012) development of land is required to be carried out in a sustainable
manner. Contamination is a material planning consideration and where development is proposed
conditions can be attached to any permission granted for development requiring assessment and
subsequent management. Remediation schemes can also need planning permission in their own right.

Land owners and/or developers are required to ensure the proposed development is safe and suitable
for use for the purpose for which it is intended.

The developer is thus responsible for determining whether land is suitable for a particular development
or can be made so by remedial action. In particular, the developer should carry out an adequate
investigation to inform a risk assessment to determine:-

P

*  Whether the land in question is already affected by contamination through source-pathway-

receptor pollutant linkages and how those linkages are represented in a conceptual model.
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»  Whether the development proposed will create new linkages (e.g. new pathways by which existing
contaminants might reach existing or proposed receptors and whether it will introduce new
vulnerable receptors).

*«  What action is needed to break those linkages and to avoid new ones, deal with any unacceptable
risks and enable safe development and future occupancy of the site and of neighbouring land.

1.3 Building Control Framework

Building control authorities enforce compliance with DCLG (2010). Practical guidance is provided in
approved documents, one of which is Part C: Site Preparation and Resistance to Contaminants and
Moisture, which seeks to protect the health, safety and welfare of people in and around buildings, and
includes requirements for protection against harm from chemical contaminants.

1.4 Controlled Water Framework

Part IIA defines pollution of controlled waters as the entry into controlled waters of any poisonous,
noxious or polluting matter or any solid waste matter.

The term controlled waters in relation to England has the same meaning as in Part 3 of the Water
Resources Act 1991, except that ground water does not include water contained in underground strata
above the saturation zone (e.g. perched water).

Given that the Part IIA regime seeks to identify and deal with significant pollution (rather than lesser
levels of pollution), the local authority should seek to focus on pollution which may be harmful to
human health or the quality of aquatic ecosystems or terrestrial ecosystems directly depending on
aquatic ecosystems, which may result in damage to material property or which may impair or interfere
with amenities and other legitimate uses of the environment.

The following types of pollution should be considered to constitute significant pollution of controlled
waters:-

« Pollution equivalent to environmental damage to surface water or groundwater as defined by
DEFRA (2009c), but which cannot be dealt with under those regulations.

* Inputs resulting in deterioration of the quality of water abstracted, or intended to be used in the
future, for human consumption such that additional treatment would be required to enable that
use.

» A breach of a statutory surface water environment quality standard (EQS), either directly or via a
groundwater pathway.

* Input of a substance into groundwater resulting in a significant and sustained upward trend in
concentration of contaminants as defined in Article 2(3) of EU (2006).

Paragraphs A36 and A39 of DETR (2000) further define the basis on which land may be determined to
be contaminated land on the basis of pollution of controlled waters, as before determining that
pollution of controlled waters is being, or likely to be, caused, the local authority should be satisfied
that a substance is continuing to enter controlled waters, or is likely to enter controlled waters. For this
purpose, the local authority should regard something as being likely when they judge it more likely
than not to occur.

Land should not be designated as contaminated land where:-

= A substance is already present in controlled waters.
» Entry into controlled waters of that substance from the land has ceased.
« Itis not likely that further entry will take place.

Substances should be regarded as having entered controlled waters where:-

» They are dissolved or suspended in those waters.
« If they are immiscible with water, they have direct contact with those waters, or beneath the
surface of the waters.

Controlled waters are defined in statute to be territorial waters which extend seawards for three miles,
coastal waters, inland freshwaters, that is to say, the waters in any relevant lake or pond or of so much
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of any relevant river or watercourse as is above the freshwater limit, and groundwater, that is to say,
any waters contained in underground strata.

Category 1 (Water)

This covers land where there is a strong and compelling case for considering that a significant
possibility of significant pollution of controlled waters exists. In particular this would include cases
where there is robust science-based evidence for considering that it is likely that high impact pollution
would occur if nothing were done to stop it.

Category 2 (Water)

This covers land where the strength of evidence to put the land into Category 1 does not exist but,
nonetheless, on the basis of the available scientific evidence and expert opinion, the risks posed by
the land are of sufficient concern that the land should be considered to pose a significant possibility of
significant pollution of controlled waters on a precautionary basis, with all that this might involve (e.g.
likely remediation requirements and the benefits, costs and other impacts of regulatory intervention).
Among other things, this category might include land where there is a relatively low likelihood that the
most serious types of significant pollution might occur.

Category 3 (Water)

This covers land where the risks are such that the tests set out in Categories 1 and 2 above are not
met, and therefore regulatory intervention under Part IIA is not warranted. This category should
include land where it is very unlikely that serious pollution would occur or where there is a low
likelihood that less serious types of significant pollution might occur.

Category 4 (Water)
This covers land where there is no risk or that the level of risk posed is low. In particular, where:-

» No contaminant linkage has been established in which controlled waters are the receptor in the
linkage.

*  The possibility only relates to types of pollution that should not be considered to be significant.

« The possibility of water pollution is similar to that which might be caused by background
contamination.

1.5 Other Frameworks

There are a number of other regulatory and non-regulatory frameworks which can, or do, impact the
assessment and/or the development of land affected by contamination. A detailed description of all of
these frameworks is beyond the scope of this document. A summary of those frameworks most
commonly impacting on the assessment of contamination at a site is however provided below.

1.5.1 Environmental Permitting Requlations

DEFRA (2010a) introduced the environmental permitting regulations (EPR) in E&W thereby replacing
the former 2007 regulations. The EPR initially combined the pollution prevention and control (PPC)
and waste management licensing (WML) regulations. Their scope has since been widened to include
water discharge and groundwater activities, radioactive substances and provision for a number of
directives.

Cornerstones of the EPR are contained in statutory guidance, such as Environment Agency (2012).
This guidance covers most of the standards and measures that apply to standard rules that are
available for many activities, as well as the basic standards and measures that apply to all other
activities subject to the EPR. The guidance was drafted to recognise the range of activities regulated
through environmental permitting, both in terms of size and environmental risk. For some activities
there are additional, sector-specific technical guidance notes.

Horizontal guidance was produced in support of Environment Agency (2012). The purpose of
horizontal guidance is to provide in depth information relevant to all sectors regulated under EPR,
such as risk assessment, amenity, noise and vibration, odour, fugitive emissions (dust and pests),
visible plumes, accidents, energy efficiency and the protection of controlled waters, and land. The
horizontal guidance also helps to assess risks to the environment and human health when applying for
a bespoke permit under the EPR.
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Environment Agency (2008a) provides guidance and templates for producing a site condition report
(SCR). In principle, a SCR is required for any facility regulated under the EPR, where there may be a
significant risk to land or groundwater, or where one is necessary to satisfy requirements of the
Integrated Pollution Prevention and Control Directive (2008/1/EC) (IPPC). A SCR describes and
records the condition of the land and groundwater at a site. It will enable an operator to demonstrate
that they have protected land and groundwater during the lifetime of the site and it is in a satisfactory
state when they come to surrender their permit.

IPPC is designed to prevent, reduce and eliminate pollution at source by using natural resources
efficiently. It is intended to help industries operate in a more environmentally sustainable way. The
activities covered include those arising from energy, metals, mineral, chemical, waste management
industries, as well as others such as paper/board production, slaughterhouses, food and drink
production, intensive pig and poultry farms. To comply with the regulations, operators need a permit
and must use best available techniques to prevent emissions to air, land and water or, where that is
not practicable, they must reduce them to an acceptable level. They must also minimise waste and
recycle it where they can, conserve energy, prevent accidents and limit their environmental
consequences, and return the site to a satisfactory state after operations cease.

The directive was implemented by DEFRA (2010a). Competent authorities for these regulations are:-

* The agency, which has responsibility for A(1) installations, the most polluting of the three industrial
categories.
* Local authorities, which have responsibility for A(2) and Part B installations.

This legislation helps deliver the Water Framework Directive (EU 2000) objectives in a number of
ways, including, for example, objectives for priority hazardous substances (cease or phase out
discharges, emissions and losses) and by minimising other releases from major installations. The
regulations are supported by Europe wide guidance notes on best available techniques.

The Revised Waste Framework Directive (EU 2008b) deals with the protection of human health and
the environment against harmful effects caused by the collection, transport, treatment, storage and
tipping of waste. Regulation under this legislation includes a system of permits and plans, which set
out the essential factors to be taken into consideration in respect of the various waste disposal and
recovery operations.

Waste operations that give rise to point and diffuse sources of pollution are controlled through DEFRA
(2010a). Part Il of the Environmental Protection Act (1990) includes a prohibition on the general
deposit of waste or knowingly causing or permitting such waste to be deposited in or on any land
except in accordance with an appropriate environmental permit. This is reinforced by the waste duty of
care, which includes a duty on those producing waste to ensure that it is only passed to an authorised
person and to take appropriate reasonable measures to prevent the escape of waste from their control
or that of another person.

1.5.2 Environmental Impact Assessment (EIA)

Under the Environmental Impact Assessment Directive (2011/92/EU) before consent is given for
certain development projects, such as large scale industrial or infrastructure projects, an assessment
of the effects the development may have on the environment must be made, so that the competent
authority that grants consent is aware of these possible consequences.

The developer makes the assessment and presents this in an environmental statement, which is
consulted on widely. The environmental statement must identify, describe and assess impacts on
people, plants and animals, soil, water, air, climate and the landscape, the built environment and
cultural heritage, including how these factors link together. Consenting authorities can then assess
whether a proposed development will have significant impacts on water bodies, and whether it may
prevent environmental objectives being achieved.

The directive is implemented through a number of statutory instruments, covering the consenting
procedures for various categories of development, including activities such as forestry and quarrying.
Projects that require planning permission are governed by DCLG (2011).

Page 10 of 52 © Terragen Environmental Consultants Limited 2014



Protocol for Site Investigation Environmental Risk Assessment & Derivation of GAC & SSAC g

1.5.3 Environmental Liability

The Environmental Liability Directive (2004/35/EC) seeks to achieve the prevention and remedying of
environmental damage to habitats and species protected under EC law and to species or habitat on a
site of special scientific interest for which the site has been notified, damage to water resources and
land contamination which presents a threat to human health. It reinforces the polluter pays principle
and makes operators financially liable for threats of or actual damage.

The directive is implemented in England through the Environmental Damage (Prevention and
Remediation) Regulations (2009). The regulations apply only to the most serious types of damage.
For water and biodiversity damage the regulations require much more extensive remediation than
under existing legislation.

1.5.4 Habitats Directive

The Conservation of Natural Habitats and of Wild Fauna and Flora Directive (92/43/EEC), aims to
contribute towards ensuring biodiversity through the conservation of natural habitats and wild plants
and animals. Measures must be introduced to maintain or restore to favourable conservation status
the natural habitats and populations of wild plants and animals identified as important within the EU.
Representative areas with these habitats and species must be designated as SAC. SAC and SPA
designated under the Birds Directive (2009/147/EC) form a network of protected areas known as
Natura 2000.

The directive introduced for the first time for protected areas, the precautionary principle; that is that
projects can only be permitted having ascertained no adverse effect on the integrity of the site.
Projects may still be permitted if there are no alternatives, and there are imperative reasons of
overriding public interest. In such cases compensation measures will be necessary to ensure the
overall integrity of network of sites. As a consequence of amendments to the Birds Directive these
measures are also applied to SPA. The directive is implemented by the Conservation of Habitats and
Species Regulations (2010), which are administered by Natural England and the Countryside Council
for Wales. SAC and SPA are also notified as Sites of Special Scientific Interest (SSSI).

1.5.5 Financial

The National House-Building Council (NHBC) is the standard setting body and the leading warranty
and insurance provider for new and newly converted homes in the UK. Approximately 80% of new
homes built in the UK each year are registered with NHBC and benefit from their ten year Buildmark
warranty and insurance policy. In 1999, Buildmark was extended to provide the homeowner with
contamination cover to provide protection against the issue of a statutory notice. This was done in the
anticipation of Part IIA, which came into force a year later.

The NHBC identifies land affected by contamination in several possible ways:-

* By builder declaration through the NHBC registration process.

* By review of site investigation reports submitted with building control/Buildmark applications.

« By the NHBC through the screening of commercial, environmental databases for previous land
use or through inspection.

NHBC seeks to ensure that any contamination hazards identified are managed in accordance with
NHBC (2008) and NHBC (2011). The specific standard relating to contamination is provided in
Chapter 4.1: Land Quality - Managing Ground Conditions. The NHBC will carry out a technical
assessment on all sites, which have been identified as being potentially contaminated. Where
remediation is undertaken, validation is usually sought from the builder/consultant to confirm that this
has been carried out.

Land contamination assessments may also be driven by other financial institutes, such as lenders, as
part of pre-acquisition surveys and/or due diligence audits.
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2.0 TGEN APPROACH

The Terragen Environmental Consultants Limited (TGEN) methodology for the assessment,
investigation and subsequent management of land contamination within the UK is based upon a
phased approach. Assessment may be required in the context of the Part IIA framework, the planning
framework, the building control framework, the controlled water framework and the other frameworks,
or a combination of all. The basis of an assessment involves:-

« |dentifying a source of contamination.
» ldentifying a pathway/media through which the contamination may migrate.
+ Identifying a receptor or target at risk from the contamination.

If there is a significant pollutant linkage (SPL) i.e. a source of contamination, a sensitive receptor and
a plausible pathway linking the two, then a risk is present. Through an appropriate investigation the
significance of the SPL is estimated or quantified. Where the SPL and therefore the risk of harm is
deemed significant then within the context of Part IIA the site may be designated as contaminated
land.

The source-pathway-receptor model used to assess sites is widely accepted in the industry however it
does not take into account less scientific factors such as perceived risk.

The full list of statutory and non-statutory guidance documents, regulations, reports, models, tools and
standards used to plan, undertake, risk assess and report site investigations for contaminated land are
presented in Section 8. However, the main structure and format of our investigations is as specified in
BSI (2011a), Environment Agency (2010c) and Environment Agency (2004).

As detailed in Environment Agency (2004) the process of managing land contamination is through risk
assessment (i.e. is the contamination a problem or could it become one in the future?), options
appraisal (i.e. assessment of potential actions and how such actions could be implemented) and
implementation of the remediation strategy (i.e. dealing with the contamination and proving that it has
been carried out successfully).
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As detailed in Environment Agency (2004) the process for each stage of the process of managing land

contamination is as follows:-
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2.1 Risk Assessment

Our risk assessment process is split into three stages, which comprises two phases of investigation as
summarised below:-

Phase Stage Activities

Define the project objectives.
Phase 1 Preliminary Risk Assessment (PRA) Desk study and site reconnaissance.
Develop a preliminary outline conceptual site model.

Generic Quantitative Risk Design and undertake site investigations and analysis.
Assessment (GQRA) Undertake risk assessment using generic assumptions.
Refine the conceptual site model.

Phase 2 Design and undertake site investigations and analysis.
Detailed Quantitative Risk Undertake risk assessments using site specific data and sometimes
Assessment (DQRA) complex numerical models.

Refine the conceptual site model.

2.1.1 Phase 1 PRA

A Phase 1 PRA defines the objectives of the overall assessment and provides an assessment of SPL,
the culmination of which is the development of a preliminary conceptual site model (CSM) and the
identification of any areas of potential concern (AoPC) within the site. Information relating to potential
sources of contamination is obtained through a study of available documents and evidence, including
current and historical land use, database survey, correspondence with regulatory authorities, site
reconnaissance and an assessment of the results derived from previous intrusive investigations at the
site. Investigations undertaken as part of a Phase 1 PRA are designed to:-

» Provide information on past and current uses of the site and surrounding area and the nature of
any hazards and physical constraints.

« |dentify current and likely future receptors, potential sources of contamination and likely pathways,
and any features of immediate concern, including those that could be introduced in the future.

» Identify any aspect of the site requiring immediate attention (e.g. insecure fences, hazardous
substances accessible to trespassers or likely to be dispersed by wind or water etc.).

* Provide information on the geology, geochemistry, soil, hydrogeology and hydrology of the site.

+ |dentify potentially different sub-areas (zones) of a site, based on differing ground conditions,
potential contamination and past, present and future uses.

* Produce an initial conceptual model for the site as a whole and/or for any zones within the site.

+ |dentify areas where informed decisions are to be made using specialist assessment techniques
or advisors (e.g. if there are ecological, unexploded ordnance (UXO) or archaeological
considerations etc.).

» Provide data to assist in the design of potential subsequent exploratory and main investigations,
and to give an early indication of possible remedial requirements.

* Provide information relevant to worker health and safety, and to the protection of the environment
during field investigations.

+ |dentify the need to involve regulatory bodies prior to intrusive investigation.

The potentially active SPL identified in the CSM are then assessed in terms of the potential risk of
harm to the identified receptors through a combination of the probability of occurrence and the
potential severity of the consequence. The assigned risk takes into account the potential for regulatory
or third party liability, the potential for affecting value and saleability, and the potential for extraordinary
environment related development costs. The Phase 1 PRA risk matrix summarised below is based on
guidance contained in CIRIA (2001). Definitions of the risk classifications presented in the guidance
are as follows:-
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Severity of Consequence
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*  Very High Risk — there is a high probability that severe harm could arise to a designated receptor from an identified
source; or there is evidence that severe harm to a designated receptor is currently happening.

*  High Risk — harm is likely to arise to a designated receptor from an identified source.

*  Moderate Risk — it is possible that harm could arise to a designated receptor from an identified source. It is relatively
unlikely that any such harm would be severe or if any harm were to occur it is more likely that the harm would be
relatively mild.

®  Low Risk — it is possible that harm could arise to a designated receptor from an identified source, but it is likely that this
harm, if realised, would at worst normally be mild.

*  Very Low Risk — there is a low possibility that harm could arise to a receptor. In the event of such harm being realised it
is not likely to be severe.

In instances where SPL are not present or a very low to low risk is identified then the assessment will
conclude with the completion of the Phase 1 PRA. Where active (or potentially active) SPL are
identified or more elevated risk rankings assigned, then additional assessment will be required to
quantify those risks.

The findings of the Phase 1 PRA form the basis upon which the requirement for, scopes of and
phasing of subsequent investigations are decided and designed.

The Phase 1 PRA and the objectives of the investigation are reviewed and the need for further
investigation considered, based upon the quantity and quality of previous site investigation information
available, the level of confidence required from the actual characterisation of ground conditions and
hazards, and the results of the risk assessment. Where applicable a summary/scope of future works is
normally included.

2.1.2 Phase 2 GQRA and DQRA

Where the outcome of the Phase 1 PRA identifies potential SPL and therefore potential risk, a Phase
2 GQRA and/or DQRA would be undertaken in order to provide quantification of the SPL and therefore
greater certainty of the significance of risk. If necessary, an intrusive site investigation together with
suitable chemical analysis of soil, leachate and/or water samples, ground gases etc. is designed and
implemented in order to gather sufficient information to provide quantification of the risks identified
within the Phase 1 PRA.

The information gathered as part of the intrusive investigation is initially compared against generic
assessment criteria (GAC) to assess the significance of links within the source-pathway-receptor
model and as part of the Phase 2 GQRA a refined CSM can then be produced to assess the identified
risks. Remedial measures and/or further works are then designed to either mitigate or further assess
the identified risks.

Where necessary, the information gathered as part of the site investigation (and supplemented with
additional information) can be compared against site specific assessment criteria (SSAC) in order to
more fully rationalise any identified risks.
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The scope of the Phase 2 works would be dependent upon the outcome of the Phase 1 PRA but
would potentially involve the following:-

Intrusive investigation (see Section 3.0).

Assessment of risks to human health (see Section 4.0).
Assessment of risks to controlled water (see Section 5.0).
Assessment of risks to other sensitive receptors (see Section 6.0).
Assessment of risks from ground gas (see Section 7.0).

" & e e e

The outcome of the Phase 2 GQRA or DQRA may be that the risk is not significant and therefore
further works or mitigation is not required. If the risk is identified as being significant, or is such that the
site is not deemed suitable for the proposed use, then remedial measures may be required in order to
break the identified SPL and in so doing reduce the risk to an acceptable level.

2.2 Remediation

2.2.1 Phase 3 Options Appraisal

Where the Phase 1 PRA, Phase 2 GQRA and/or DQRA identify unacceptable risks in the context of
the current or proposed use of a site, then remedial measures would be required. There are a wide
range of remedial methods available with the method chosen being dependent upon the
contaminant(s) identified, the site conditions, the proposed development, timescales and budget
available. The first stage of Phase 3 involves a detailed assessment of potential options for
remediation. Our approach is detailed in the table below.

Stage Activities

Review and refine the conceptual model.
Identify management and technical objectives.
Define remediation objectives and criteria.
Identify a shortlist of feasible remediation options.

Identify Feasible Remediation Options

Evaluate and analyse options individually and in combination.

Detailed Evaluation of Options Decide which of the options is/are most appropriate.

Consider the zoning and timing of remediation.
Decide how the strategy will be verified.
Review costs and benefits.

Develop a practical strategy for the remediation.

Develop a Remediation Strategy

In some cases the simplest remediation method that is generally accepted for contamination that has
been identified as posing a potential risk to humans, but not to other receptors, is to provide a barrier
between occupiers/users of a site and the identified contamination. This barrier normally comprises a
clean covering of soil. This remediation method is only suitable for contaminants that are of low
volatility and/or mobility.

In accordance with UK policy and where feasible the removal of soil from site is minimised and
disposal offsite as waste to landfill is considered as a last resort.
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2.2.2 Phase 3 Implementation of Remediation

Once a method of remediation has been selected a plan would be prepared detailing how the
measures would be implemented, monitored (where necessary) and verified as detailed in the table
below.

Stage Activities

Identify management responsibilities.
Prepare an Implementation Plan Consult with rel_evant parties (e.qg. regulators, Ian_d owners efc.).
Confirm if regulatory permits are required.
Develop phasing and timetable.

Complete pilot trials (may need a permit).
Procure contractors.
Design, Implement and Verify the Obtain permits.
Remediation Produce a verification plan.
Carry out remediation.
Verify (in reports) what has been done.

Monitor how well the remediation has worked.

Long Term Monitoring and Maintenance Review and adjust the monitoring programme as necessary.
Analyse results and report them.

Take action if results indicate a need.

2.3 Verification and Closure

During the implementation of the approved remediation strategy we would attend site to carry out the
necessary verification works (e.g. sampling, records and documentation of site works etc.). Upon the
successful completion of the remediation all of the verification records would be compiled in a closure
report detailing all of the works undertaken.
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3.0 INTRUSIVE INVESTIGATION

If necessary an intrusive site investigation together with suitable chemical analysis of soil, leachate
and/or water samples, ground gases etc. is designed and implemented by TGEN in order to gather
sufficient information to provide quantification of the risks identified within the Phase 1 PRA and to
inform a Phase 2 GQRA or DQRA. The site investigation itself may be split into several sub-phases,
dependent upon the size and scale of the site as detailed in the following sections.

3.1 Exploratory Investigation

An exploratory investigation is often used on sites identified as a low risk as part of the Phase 1 PRA
in order to confirm that assessment. For more complex sites or those allocated a higher risk, an
exploratory investigation may be implemented as a precursor to, and to inform the design of, a main
investigation. If implemented, an exploratory investigation would be designed to:-

* Test the contamination and site characteristics identified within the preliminary CSM.
« Obtain further information in relation to potential sources of contamination, likely pathways and
features of immediate concern.

« Obtain further information on the geology, geochemistry, soil, hydrogeology and hydrology of the
site.

* Provide further information to aid the design of a main investigation, including health and safety
aspects.

» Provide data for a review of the CSM and to update the risk assessment.

3.2 Main Investigation

The main investigation would be designed to:-

+ Obtain data on the nature and extent of contamination, the geology, geochemistry, soil,
hydrogeology and hydrology of a site.

* Provide data to review the preliminary CSM and to update the risk assessment.

* Provide data for the selection and design of remedial works.

3.3 Supplementary Investigation(s

In cases where an exploratory and/or main investigation highlight specific issues at a site then a
supplementary investigation(s) would be designed in order to:-

* Provide clearer delineation of a particular area (zone) of contamination or a contamination plume.
* Address or clarify specific technical matters (e.g. to confirm the applicability and feasibility of
potential remedial options or obtain information for their design etc.).

3.4 In Situ Testing

Where necessary, during the intrusive investigation(s), an assessment of soils for the presence of
volatile organic compounds by visual and olfactory means is supplemented with the use of a
PhoCheck Plus 2000 photo ionisation detector (PID) calibrated with isobutylene gas and fitted with a
10.6eV UV lamp. Subsamples are placed into a polythene bag, which is then sealed to exclude as
much atmospheric air as possible. The soil samples are gently broken up within the bags and left for
circa thirty minutes in order to facilitate volatilisation from the pore spaces. Following this the PID is
inserted into the polythene bag to test for the presence ionisable volatile compounds.
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3.5 Laboratory Testing

During the intrusive investigation(s) samples of soil, water, gas etc. are recovered from representative
locations and submitted to an approved UKAS/MCERTS accredited laboratory.

Collection

Dedicated amber jars, bottles, epa vials, plastic tubs, gas bags/tubes etc. provided by the laboratory,
are used for the collection of samples. To minimise the potential for cross contamination, disposable
gloves are changed for each sample collected and equipment used is cleaned between each sampling
event.

Preservation

Loss of volatile compounds through desorption and volatilisation from the samples is limited by filling
and tightly enclosing the samples in dedicated amber jars, thus ensuring minimal headspace, and
storing at a low temperature (i.e. a refrigerated cool box), which further minimises biodegradation of
organic compounds.

Transport

Samples are transported to the laboratory in dedicated containers maintained at a low temperature. All
samples and analytical requests are recorded on the laboratory chain of custody form prior to
dispatching for analysis.

3.6 Assessment of Potential Contaminants

Two criteria are used for the selection of potential contaminants to test for during ground
investigations:-

« Contaminants must be likely to be present on many sites affected by current or former industrial
use in the UK in sufficient concentrations to cause harm. The purpose of this criterion is to
exclude substances that are rarely found or are unlikely to be present in harmful concentrations.

» Contaminants must pose a potential risk to human beings and/or other sensitive receptors (e.g.
the water environment, ecology, plants, construction or building materials and property etc.).

Only substances meeting both of the above criteria are selected for analysis. Therefore, the selected
substances are:-

» Likely to occur on many industrial sites in sufficient concentrations to cause harm or pollution.

*« Known or suspected to pose significant risk to humans (death, serious injury, cancer or other
disease, genetic mutation, birth defects or the impairment of reproductive functions).

» Known or suspected to pose a significant risk to the water environment, or likely to cause other
adverse impacts in the water environment as a result of their presence on land.

+« Known or suspected to pose a significant risk to ecology as a result of their presence on land.

+ Known or suspected to have a significant effect on buildings or building materials.

*« Known or suspected to be persistent and mobile in soils or have tendency to bio-accumulate
through exposure of sensitive organisms.

The following documents are the primary sources for identifying those contaminants likely to be
present:-

» Environment Agency (2002) identified priority contaminants, selected on the basis that they are
likely to be present on many current or former sites affected by industrial or waste management
activity in the UK in sufficient concentrations to cause harm.

*» DoE (1995a) describe specific industrial processes and the chemicals that are commonly found
on industrial land.

The information gathered during the investigation(s) is then compared against generic assessment
criteria (GAC) to assess links within the source-pathway-receptor model (see Sections 4 to 7).
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4.0 RISKS TO HUMAN HEALTH

In order to undertake a Phase 2 GQRA, contaminant concentrations from samples generated from a
Phase 2 site investigation need to be compared to appropriate GAC. Current industry practice is to
use, as first preference, SGV published by the agency and derived using the CLEA model.

The CLEA model provides an approach for the assessment of chronic risks to human health from
concentrations of a substance within soil, where appropriate.

The current version of the model (v1.06) was published in 2009 and, following its publication, a
number of SGV have also been produced. However, the SGV published to date are only for a limited
number of contaminants. Where published SGV do not exist, other published GAC values derived
from a risk-based assessment of human toxicological and/or ecotoxicological data have been utilised
in accordance with the following hierarchy:-

*» GAC prepared in accordance with the CLEA v1.06 model by authoritative bodies (e.g. CL:AIRE,
CIEH, EIC etc.).
*»  GAC prepared in accordance with the CLEA v1.06 model and associated documents by TGEN.

4.1 TGEN Approach

The approach adopted has been to generate GAC for chronic risks to human health using CLEA
v1.06. In generating GAC, input parameters consistent with the most recent agency publications have
been adopted (see Section 8).

4.1.1 Substance Specific Information (Health Criteria Values)

Toxicological data for respective contaminants have been chosen for use based on the guidance in
Environment Agency (2009a). Where UK guidance is available (i.e. existing published TOX reports)
the appropriate health criteria values (HCV) have been adopted. Where no TOX report is available the
following approaches has been used (given in order of preference):-

Published toxicity reviews to derive HCV within CIEH (2009).
Other appropriate UK sources.

Authoritative European sources.

International organisations (e.g. WHO).

Appropriate, authoritative US sources (e.g. USEPA).

" e e e e

4.1.2 Substance Specific Information (Physico Chemical Characteristics)

Fate and transport characteristics for the contaminants for which GAC have been derived were
chosen using the following hierarchy of data sources:-

Environment Agency (2008Db).

Environment Agency (2003).

Other UK government documents.

European data sources (e.g. NIPHE 2001).
International data sources (e.g. WHO and USEPA).

4.1.3 Model Settings
In the generation of GAC, default settings have been used for the following exposure scenarios:-

" & e e e

Residential with Plant Uptake.
Residential without Plant Uptake.
Allotments.
Commercial/Industrial.

" & e e

The default soil type is set as a sandy loam with a pH of 7. Soil organic matter (SOM) contents of 1%,
3% and 6% have been considered, where appropriate.

4.1.4 Soil Saturation

With the exception of petroleum hydrocarbon fractions, GAC have been limited to the calculated soil
saturation limit for organic species, which is in accordance with the approach taken by the agency in
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the production of SGV. Petroleum hydrocarbon fractions are assessed, where appropriate, based on
hazard index and so have not been limited to soil saturation.

4.1.5 Cyanides

The primary risk to human receptors from free cyanide in soils is an acute risk (i.e. a single dose could
have a lethal affect as opposed to adverse effects from cumulative intake (chronic affect)).

There is no current UK guidance available for calculating acute risks from free cyanide. As such, the
(officially withdrawn) SNIFFER (2003) methodology has been used to derive an acute GAC of 60
mg/kg for all exposure scenarios. The value is given for free or easily released cyanide but can be
used to assess total cyanide in the absence of cyanide speciation. In cases where the total cyanide
exceeds the GAC then analysis of free or easily released cyanide is completed.

4.1.6 Limitations of the CLEA Model

In the application of GAC (and SGV) to a site, the limitations of the CLEA model have been
recognised. Specifically these relate to the absence of certain pollutant considerations such as risks to
services, of fire and explosion, aesthetics, institutional perception, groundwater, surface waters, eco-
toxicological risk and risks to buildings (amongst others).

In addition, the GAC specifically do not meet the requirements of the legal definition of significant
possibility of significant harm but provide a benchmark below which concentrations of contaminants
are not considered to warrant further consideration in the context of the land use scenario.

The CLEA model also does not explicitly consider the potential for chronic impact to human health
from indoor inhalation of concentrations of volatile vapours from dissolved phase contamination. The
potential exists for this to be an important exposure route for a limited number of highly volatile
contaminants. As such, GAC have been calculated for volatile contaminants for volatilisation from
groundwater using RISC 4. It should be noted that the RISC 4 approach does not include advection
into buildings and we consider alternative approaches where this is likely to be a significant issue.

Exposure factors required for the model have been derived using the information contained within
Environment Agency (2009a,b,c,d). Where ranges of values are provided for input parameters, an
appropriate conservative single value has been chosen for input into the RISC 4 model.
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The following table details the receptor exposure factors used to generate the GAC.

ng:;zig:s Unit Residential Source Commercial Source
Environment Agency Environment Agency
Lifetime yr 6 (2009b) - Section 49 (2009b) - Section
3.2.3. 3.4.1.
Environment Agency
(2009Db) - Table 3.2
. (average over age 0-6 Environment Agency
Body Weight kg 14.2 considering child age 70 (2009b) - Section 4.1.
0-1 has 0.5yr
exposure).
Ig(joccn)sruég davs/vr 365 Environment Agency 230 Environment Agency
(Froauency) ysiy (2009b) - Table 3.1. (2009a) - Table 3.9.
Indoor Air Environment Agency Environment Agency
Exposure yr 6 (2009b) - Section 49 (2009a) - Section
(Duration) 3.2.3. 3.4.1.
Lung Retention . Conservative Conservative
Factor fraction 1 assumption. 1 assumption.
. Environment Agency Environment Agency
inhatation e | djh 0.5 (2009b) - Table 4.14 0.56 (2009b) - Table 4.14
(calculated average). (calculated average).
) Environment Agency Environment Agency
Time Indoors | hriday 21.7 (2009b) - Table 3.2. 8.3 (2009b) - Box 3.6.
Bmaf\ﬁlﬂ)lllty o 100 Default conservative 100 Default conservative
Contaminants ° assumption. assumption.

Default building parameters that have been utilised in the generation of the groundwater GAC values
as presented in the following table:-

AL Unit House Source Office Source
Parameters
. 2 Environment Agency Environment Agency
Footprint Area m 28 (2009b) - Table 3.3. 424 (2009b) - Table 3.10.
3 Environment Agency Environment Agency
Volume m 134.4 (2009b) - Table 3.3. 4070.4 (2009b) - Table 3.10.
Air Exchanges Per no 12 Environment Agency o4 Environment Agency
Day ' (2009b) - Table 3.3. (2009b) - Table 3.10.
. . Environment Agency Environment Agency
Foundation Thickness | m 0-15 (2009b) - Table 3.3. 0-15 (2009b) - Table 3.10.
Foundation Cracks fraction 0.001429 Environment Agency 0.000389 Environment Agency
' (2009b) - Table 3.3. ' (2009b) - Table 3.10.
Porosity of Foundation Assumes crack fraction Assumes crack fraction is
yCracks factor 1 is entirely available for 1 entirely available for
vapour ingress. vapour ingress.
Water Content in 3,3 Conservative . .
Foundation Cracks cm/cm 0 assumption, 0 Conservative assumption.

House (small two storey terrace). Office (pre-1970 three storey).

In the absence of UK guidelines, the exposure scenario adopted has considered a groundwater
source 0.5m below the base of the building as a conservative approach representing an example of a
very shallow aquifer and corresponding with the depth of a soil source as adopted in the generic
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scenario in the CLEA model. The appropriateness of this assumption is assessed on a site by site
basis considering the conceptual model for the site. The groundwater model parameters are
presented in the following table:-

Groundwater Parameters Units Value Source

Distance Between Building Foundation

and Groundwater m 0.50 Environment Agency (2009b) - Page 51.

Environment Agency (2009b) - Table 4.4

o 3 3
Total Porosity in Source Zone cm’/cm 0.53 (i.e. sandy loam).

. 3, 3 Environment Agency (2009b) - Table 4.4
Water Content in Source Zone cm’/cm 0.33 (i.e. sandy loam).
Thickness of Capillary Fringe cm 10 Estimate.
Air Content in the Capillary Fringe cm®cm 0.01 Estimate.

For many contaminants, no risk is calculated at concentrations below the pure phase solubility of the
contaminant. Caution is applied when non-aqueous phase liquids (NAPL) are likely to be present,
either where these have been detected during monitoring or where the concentration of a component
in a mixture exceeds 10% of its calculated effective solubility. In such cases, a separate assessment
of the generation of volatile vapours from NAPL via modelling or a soil vapour survey may be
undertaken.

It is important to note that the values are only applicable to human health and cannot be used to
determine the potential risks to controlled waters.

4.2 Use of Statistical Tests in Data Interpretation

4.2.1 Averaging Zones

CLEA methodology requires the definition of averaging zones based on previous/current/future spatial
land use, soil type, proposed site end uses or other distinguishing features. Where there is similar
historic and/or contemporary land use across a site and the redevelopment plans indicate that the site
is to be under a single end use then horizontally the whole site is taken as one averaging area.

4.2.2 Sample Depths

It is intended that the CLEA statistical analysis is applied to soils from <1.0mbgl. This is due to the
greatest likelihood that site end users would be exposed to these soils. Samples tested from below
this depth during an assessment would be subjected to a similar analysis to assess the chemical
characteristics of natural soils and deeper areas of fill. Where samples are included within the
dataset(s) that are >1mbgl, it is assumed, with regards to human health, that excavation associated
with the development may result in soils from these greater depths being within 1m of final levels in
areas of sensitive end use at the site. This could be considered as an additional layer of conservatism
within the approach adopted.

In addition, it should be noted that the methodology makes depth based assumptions regarding risks
to human health from soils, which can be summarised as follows:-

» For direct ingestion of soil and dust, dermal contact with soil outdoors and soil derived dust
indoors, and inhalation of soil derived dust outdoors and indoors contamination is assumed to be
present in the top 0.1m of the soil profile.

» For consumption of vegetables and ingestion of soil attached to them it is assumed that the
contamination is present in the top 0.5m of the soil profile.

« For inhalation of soil vapours outdoors, the contamination is assumed to be at a depth of 1.0m.

» For inhalation of soil vapours indoors, the contamination is assumed to be directly below the
building.

Where necessary (and feasible), the different depths of the potential risks to human health are taken
into account in designing and/or assessing site investigations.

Page 23 of 52 © Terragen Environmental Consultants Limited 2014



Protocol for Site Investigation Environmental Risk Assessment & Derivation of GAC & SSAC g

4.2.3 Statistical Approach

A statistical basis for the assessment of the analytical results obtained during the site investigation is
detailed within CL:AIRE (2008). The premise is to review an entire data set in an appropriate way in
comparison to selected GAC. The assumption made is that the results from the site investigation are
to some degree representative of the contaminant concentration throughout that area or volume of soll
represented by the sample or samples. The most appropriate method for assessing a given dataset is
dependent upon a range of site specific factors together with the quantity and quality of the data
generated and the chosen approach differentiated for datasets where random or targeted sampling
has been undertaken and where a site is being considered in a planning or Part [IA context.

Where it is required to draw conclusions about the condition of the land under scrutiny as part of a
planning scenario comparison is made between a value larger than the sample mean, in this case the
upper confidence limit (UCL) and the critical concentration (GAC) as opposed to the Part IIA scenario
(whereby comparison is made between the lower confidence limit (LCL) and the critical concentration).
The UCL provides an estimate of the population mean, based on test data, with a 95% confidence that
the actual mean does not exceed this value.

In the first instance, the approach to statistical assessment involves a qualitative assessment of the
dataset. This involves a summary of the number of tests, maximum concentration, mean concentration,
standard deviation and number of non-detects. In instances where both the maximum and mean
concentrations are below the prescribed GAC then further assessment is not considered necessary.

For compounds where the maximum or mean concentration exceeds the respective GAC, a statistical
assessment is undertaken in accordance with CL:AIRE (2008). The USEPA ProUCL Version 5.0
(2013) is used to determine the presence of statistical outliers within the dataset, the normality of the
distribution and the upper confidence limit at a 95% confidence interval (UCLgs) concentration using an
appropriate statistical tool.

Where statistical outliers (not representative of the dataset) are identified, the respective
samples/locations are considered to be hotspots and are removed from the dataset for consideration in
isolation from the remaining samples.

Following the removal of any outliers, the dataset is re-evaluated. The distribution of the dataset is
determined in accordance with the Shapiro-Wilk normality test. For datasets with a normal distribution,
the UCLgs concentration is determined using the Students t-test at a 95% confidence interval. For
lognormal distributions, the UCLgs concentration is determined using the Chebyshev Theorem at a 95%
confidence interval.
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4.3 Human Health GAC

4.3.1 Heavy Metals

Generic Assessment Criteria

HETEE LEERMTTIEL Residential | Allotment | Commercial
CL:AIRE Antimony® 550 - 7500
SGV Arsenic®" 32 43 640
CL:AIRE Barium® 1300 - 22000
CIEH Beryllium®™® 51¢ 55° 420°
CIEH Boron®® 290 45 190000
CIEH Cadmium?*® 3.0 0.53' 350°
SGV Cadmium® 10 1.8 230
CIEH Chromium (I11)*° 3000 35000 30000
CIEH Chromium (VI1)* 4.3° 2.1° 35¢
CIEH Copper®™® 2300 520 72000
TGEN GAC Lead" 290 250 5690
SGV Elemental Mercury®*® 1.0 26' 26'
SGV Inorganic Mercuryab 170 80 3600
SGV Methyl Mercury®® 11 8 410
CL:AIRE Molybdenum® 670 - 17000
SGV Nickel®® 130" 230 1800%
SGV Selenium®™ 350 120 13000
CIEH Vanadium®® 75 18 3200
CIEH Zinc®™ 3800 620 670000

? Based on a sandy loam soil as defined in Environment Agency (2009b) and 6% SOM.
® Values are rounded to two significant figures.

¢ In applying the rules for non-soil background to the GAC, the background average daily exposure (ADE) is limited to being no

larger than the contribution from the relevant soil ADE.
9 Based on a comparison of inhalation exposure with inhalation index dose (ID).

° Based on a comparison of oral and dermal exposure with oral tolerable daily soil intake (TDSI).

"The GAC is based on the vapour saturation limit.

9 For the purposes of modelling the vapour inhalation pathway, elemental and methyl mercury are treated as organic.

" Based on a comparison of oral and dermal soil exposure with oral ID.
'Based on a comparison of oral and dermal exposure with oral tolerable daily intake (TDI).

'Based on a lifetime exposure via oral, dermal and inhalation pathways.
*Based on a comparison of inhalation exposure with inhalation TDI.
'Based on a comparison of oral, dermal and inhalation exposure with oral TDI.

™ Based on oral, dermal and inhalation pathways.
" Based on in-house GAC determined using CLEA V1.06
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4.3.2 BTEX
Source Determinand Residential | Allotment | Commercial

SGV Benzene®*® 0.33 0.07 95

SGV Toluene®™™* 610 120 4400'
SGV Ethylbenzene®* 350 90¢ 2800"
SGV 0-Xyleng®®*®® 250 1609 2600"
SGV m-Xylene®® 240 180° 3500"
SGV p-Xyleng®®%® 230 1609 3200"

¥ Based on a sandy loam soil as defined in Environment Agency (2009b) and 6% SOM. At a lower SOM, GAC may not be
sufficiently protective.
® Values are rounded to two significant figures.

¢ GAC for BTEX will vary according to SOM for all land uses.
4 GAC for BTEX assume that free phase contamination is not present.
¢ GAC for BTEX are based on a subsurface soil to indoor air correction factor of 10.

'GAC presented are based on the vapour saturation limit.

91n applying the rules for non-soil background to the allotment GAC, the inhalation background ADE is limited to being no
larger than the contribution of the inhalation soil ADE.

"GAC for commercial land use are capped at the lower of the vapour and aqueous saturation limits.

' Exposure to all isomers of xylene should be considered together, because the HCV applied is based on the intake of total
xylene and not an individual isomer in isolation.
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abcde

Residential®*®® Allotments Commercial®°®
1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
30 55 110 740 1700 | 3900 | 3400 (304)*° | 6200 (558)* | 13000 (1150)*
73 160 370 2300 5600 | 13000 | 8300 (144)° | 18000 (322)* | 42000 (736)*
19 46 110 320 770 1700 | 2100 (78)* | 5100 (190)*® | 12000 (451)"*
93 (48)'® | 230 (118)"* | 540 (283)*| 2200 4400 | 7300 | 10000 (48)°" | 24000 (118)** | 49000 (283)"*
740 (24)*° | 1700 (59)* |3000 (142)*°'| 11000 | 13000 | 13000 | 61000 (24)*" | 83000 (59)° | 91000 (142)*"
45000' (8.5)°" [64000" (21)°'| 76000" | 260000 | 270000 | 270000" | 1600000' 1800000° 1800000
45000 (8.5)°* [64000" (21)*"| 76000 | 260000" | 270000' | 270000" [ 1600000' 1800000 1800000
65 130 280 13 27 57 [28000 (1220)*| 49000 (2260)*” | 90000 (4710)>*
120 270 611 22 51 120 [59000 (869)** [ 110000 (1920)*" [ 190000 (4360)**
27 65 151 8.6 21 51 3700 (613)'* | 8600 (1500)** | 18000 (3580)"*
69 160 346 13 31 74 | 17000 (364)' | 29000 (899)* | 34500 (2150)>"
140 310 593 23 57 130 [36000 (169)*" 37000 37800
250" 480" 770’ 46' 110' 260’ 28000’ 28000' 28000’
890' 1100' 1230' 370" 820' 1600' 28000’ 28000' 28000’
890' 1100' 1230' 370' 820' 1600' 28000' 28000' 28000'
1200' 1300' 1300' 1200° | 2100" | 3000 28000' 28000' 28000'

nvironment Agency (2009b) and 1%, 2.5% and 6% SOM.
according to SOM for all land uses.

S.

n is not present.

Hor air correction factor of 10.

pared with oral HCV.
ration limit, which is shown in brackets.
tion limit, which is shown in brackets.
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Residential®*®® Allotment®®°®® Commercial®®®
1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
210 480 1000 34 85 200 85000 (57)° | 98000 (141)* 100000
170 400 850 28 69 160 84000 (86) | 97000 (212)* 100000
2300 4900 9200 380 950 2200 530000 540000 540000
3.1 4.7 5.9 25 55 10 90 95 97
0.83 0.94 1.0 0.60 1.2 2.1 14 14 14
5.6 6.5 7.0 35 7.4 13 100 100 100
44 46 47 70 120 160 650 660 660
8.5 9.6 10 6.8 14 23 140 140 140
6.0 8.0 9.3 2.6 5.8 12 140 140 140
0.76 0.86 0.90 0.76 1.5 23 13 13 13
260 460 670 52 130 290 23000 23000 23000
160 380 780 27 67 160 64000 (31)*° 69000 71000
3.2 3.9 4.2 1.8 3.8 7.1 60 61 62
15 37 8.7 4.1 9.9 23 200 (76)* 480 (183)* 1100 (432)*
92 200 380 16 38 90 22000 22000 23000
560 1000 1600 110 270 620 54000 54000 54000

wironment Agency (2009b) and 1%, 2.5% and 6% SOM.
y according to SOM for all land uses.

is not present.

or air correction factor of 1.

tion limit, which is shown in brackets.

ition limit, which is shown in brackets.
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4.3.5 Source of Polyaromatic Hydrocarbons

PAH compounds are formed as the result of the incomplete combustion of carbon, either as a result of
natural or anthropogenic processes, and are endemic in the environment as well as being present as
the result of fuel based combustion (e.g. used engine oil, exhaust emissions etc.).

There are a number of methods which can be used to assess the ratio of certain PAH compounds in
order to determine the likely source of contamination (e.g. petroleum products, combustion products,
coal derived or plant derived).

We have used three methods, as detailed in the following publications:-

. NAVFAC (2003).
. EFSA (2008).
. Yunker et al. (2002).

In this section the following abbreviations are used for the various PAH compounds:-

. Fluoranthene FL

. Pyrene PY

. Phenanthrene PH
. Anthracene AN

. Benzo(a)anthracene BaA
. Benzo(b)fluoranthene BbF
. Benzo(k)fluoranthene BKF
. Benzo(a)pyrene BaP
. Indeno(123-cd)pyrene IcdP
. Benzo(ghi)perylene BghiP

NAVFAC (2003) defines three main source types of PAH:-

. Petrogenic — generated from organic matter in ancient sediments by geologic conditions.

. Pyrogenic — generated by the combustion of organic matter (wood, coal, petroleum, wastes etc.).

. Biogenic — generated by modern biological processes of diagenetic processes (e.g. oxidation of
organic matter).

The following broad trends in the data analysed were recognised:-

. A ratio of FL to PY of <1 is indicative of petrogenic sources.
. A ratio of FL to PY of >1 is indicative of pyrogenic sources.

. A ratio of PH to AN of >5 is indicative of petrogenic sources.
. A ratio of PH to AN of <5 is indicative of pyrogenic sources.

EFSA (2008) provides indicative ratios of BbF, BKF and IcdP to BaP as detailed below:-

Coal Wood
Combustion Combustion Natural Cars Cars Heavy Duty
(industrial and |  (industrial and Fires (Petrol) (Diesel) Vehicles
domestic) domestic)
BbF/BaP 0.05 1.2 0.6 1.2-0.9 0.9 5.6
BkF/BaP 0.01 0.4 0.3 0.9-1.2 1.0-0.8 8.2
IcdP/BaP 0.8 0.1 0.4 1.0-14 1.1-0.9 1.4
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Yunker et al (2000), produced a double ratio plot of BaA:CH against FL:PY. This classification would
indicate that:-

Where the FL:PY ratio is <0.65 the PAH is a result of the combustion of petroleum products.
Where the FL:PY ratio is >1.0 the PAH is a result of coal combustion.

Where the FL:PY ratio is between 0.65 and 1.0 the PAH is a result of other combustion products.
Where the BaA:CH ratio is <0.1 it is likely that the PAH is a result of plant derived materials.

Yunker et al (2002) also carried out a literature review of published PAH ratios for a number of
sources and identified the following broad trends in the data:-

. FL to FL plus PY

.
.
.
.

o <04 Petroleum hydrocarbon sources.
o 0.4-05 Liquid fossil fuel combustion products.
o >05 Grass, wood and coal combustion products.
. BaA to BaA plus CH
o <0.2 Petroleum hydrocarbon sources.
o 0.2-0.35 Petroleum hydrocarbon sources or combustion.
o >0.35 Combustion products.
. AN to AN plus PH
o <01 Petroleum hydrocarbon sources.
o >0.1 Combustion sources.
. lcdP to lcdP plus BghiP
o <0.2 Petroleum hydrocarbon sources.
o 0.2-05 Petroleum hydrocarbon combustion.
o >05 Grass, wood and coal combustion products.
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Residential®**® Allotment®®®® Commercial®*®
nd 1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
hane 0.0054 0.0080 0.014 0.0046 0.0083 0.016 0.71 1.0 1.8
thane 6.2 13 28 48 110 240 700 1400 3100
-oethane 1.4 2.9 6.3 0.41 0.89 2.0 290 580 1200
‘oethane 0.90 2.1 4.8 0.79 1.9 4.4 120 260 590
nene 0.94 2.1 4.8 1.6 3.7 8.7 130 290 660
on Tetrachloride) 0.018 0.039 0.089 0.16 0.37 0.85 3.0 6.6 15
ene 0.11 0.22 0.49 0.43 0.95 2.2 12 25 55
>hloroform) 0.75 1.3 2.7 0.36 0.70 1.5 110 190 370
| Chloride) 0.00047 | 0.00064 | 0.00099 0.00055 0.0010 0.0018 0.063 0.081 0.12
nvironment Agency (2009b) and 1%, 2.5% and 6% SOM.
y according to SOM for all land uses.
S.
e that free phase contamination is not present.
sed on a subsurface soil to indoor air correction factor of 1.
Residential®*® Allotment®®® Commercial®**®

nd 1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
ne (TNT) 1.6 3.7 8.0 0.24 0.58 1.4 1000 1000 1100

3.5 7.4 16 0.52 1.1 25 6400 6400 6400

5.7 13 26 0.86 1.9 3.9 110000 110000 110000

nvironment Agency (2009b) and 1%, 2.5% and 6% SOM.
OM for all land uses.

S.

> contamination is not present.

ace soil to indoor air correction factor of 1.
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abcde

Residential®*®® Allotment Commercial®°®

1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%

1.7 2.0 2.1 1.3 2.6 4.0 54 54 54

0.69 1.4 2.2 0.13 0.32 0.73 90 91 92

0.24 0.56 1.3 0.037 | 0.085 0.20 870 880 880

0.29 0.6 1.3 0.044 | 0.091 0.2 842 872 893
) 2.9 7.0 16 0.47 1.2 2.7 2310 (0.003)"*° 2990 (0.007)"% 3390
| 2.8 6.6 15 0.44 1.1 2.6 2580 (0.00007)"* | 3160 (0.0002)"* 3480
hexane 19 46 100 3.0 7.4 18 14000 14600 14900
\exane 1.7 3.9 8.5 0.26 0.64 15 1120 1130 1130
bhexane 0.58 1.4 3.0 0.089 0.22 0.52 532 546 552

nvironment Agency (2009b) and 1%, 2.5% and 6% SOM.
OM for all land uses.

S.

n is not present.

bor air correction factor of 1.

tion limit, which is given in brackets.
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abcde

Residential®*®® Allotment Commercial®*°®

1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
0.33 0.73 1.7 5.9 14 32 59 130 310

16 39 91 94 230 540 2100 (571)% | 5100 (1370)*" | 12000 (3240)>"
0.29 0.70 1.7 0.25 0.61 15 32 77 180

30 72 170 15 37 88 4500 (224)"® | 10000 (540)"* | 22000 (1280)"*
1.0 2.6 6.1 47 12 28 110 270 620

1.8 45 11 31 75 180 230 560 1300
0.23 0.57 1.3 47 12 28 24 57.8 140

12 29 62 4.4 11 26 1800 (122)"* | 3200 (304)"% 4500 (728)"%
0.49 1.2 2.8 0.38 0.94 2.2 52 (39.4)"% 120 (98.1)"% 250 (235)"%°
0.30 0.68 1.4 0.064 0.16 0.37 44 (19.7)* 73 (49.1)* 97

5.2 10 17 1.2 3.1 7.1 650 (43.0)° | 770 (107)*" 830

.59 (0.20)"* | 1.0 (0.50)"% 1.4 0.18 0.42 0.92 48 (0.20)"* 53 55

wironment Agency (2009b) and 1%, 2.5% and 6% SOM.
to SOM for all land uses.

.

hase contamination is not present.
bsurface soil to indoor air correction factor of 1.
tion limit, which is given in brackets.
tion limit, which is given in brackets.
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Residential Allotment Commercial
1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
- - 420 - - 280 - - 3200 (38000)'
210 390 780 32 60 120 1100000 (24200)"% | 1100000 (38100)** 1200000
0.87¢ 2.0° 4.4° 0.13¢ 0.30¢ 0.70° 3500" 4000" 4200"
0.55 1.3 3.0 0.084 0.21 0.49 1200 1300 1400

nvironment Agency (2009b) and 1%, 2.5% and 6% SOM.

VI for all land uses.

S.

ontamination is not present.

e soil to indoor air correction factor of 1.
in contact with phenol. The guideline in brackets is based on health effects following long term exposure and is provided

tetrachlorophenol.

henol.

ation limit, which is given in brackets.
tion limit, which is given in brackets.

. Residential Allotment Commercial
n

1% 2.5% 6% 1% 2.5% 6% 1% 2.5% 6%
deee 0.10 0.20 0.44 4.8 10 23 12 23 50
diene 0.21 0.51 1.2 0.25 0.61 1.4 32 69 120

wironment Agency (2009b) and 1%, 2.5% and 6% SOM.

uses.

.

is not present.
or air correction factor of 1.

© Terragen Environmental Consultants Limited 2014




Protocol for Site Investigation Environmental Risk Assessment & Derivation of GAC & SSAC

5.0 RISKS TO CONTROLLED WATERS
5.1 Control of Residual Contamination

Part llA introduced the regime for the identification and remediation of contaminated land. Land may
be classified as contaminated under the regime by virtue of actual or likely pollution of controlled
waters caused by substances in, on or under the land. The agency is a statutory consultee in relation
to controlled waters issues. In situations where there is no existing pollutant linkage, Section 161 of
the Water Resources Act (1991) (as amended 2003) and the Anti-Pollution Works Regulations (1999)
can be used to address contamination, which could represent a potential risk.

5.2 Control of Contamination from Ongoing Activities

The existing Groundwater Directive (80/68/EEC) aims to protect groundwater from pollution by
controlling discharges and disposals of certain dangerous substances to groundwater. In the UK, the
directive is implemented through the Groundwater Regulations (DETR 1998b). Groundwater pollution
is prevented under these regulations by preventing or limiting the inputs of listed substances into
groundwater. Substances controlled under the regulations fall into two lists:-

List 1 List 2

® Organohalogen compounds and | ® Metals, metalloids and compounds of antimony, arsenic,
substances, which may form such barium, beryllium, boron, chromium, cobalt, copper, lead,
compounds in the aquatic molybdenum, nickel, selenium, silver, tellurium, thallium,
environment. tin, titanium, uranium and zinc.

*  Organophosphorus compounds. ® Biocides and their derivatives not appearing in List 1.

*  Organotin compounds. ® Substances which have a deleterious effect on the taste or

* Substances which possess odour of groundwater and compounds liable to cause the
carcinogenic, mutagenic or formation of such substances in such water and to render it
teratogenic properties in or via the unfit for human consumption.
aquatic environment (including | * Toxic or persistent compounds of silicon and substances
substances which have those which may cause the formation of such compounds in
properties which would otherwise water, excluding those which are biologically harmless or
be in List 2). are rapidly converted in water into harmless substances.

*  Mercury and its compounds. ® Inorganic compounds of phosphorus and elemental

* Cadmium and its compounds. phosphorus.

*  Mineral oil and hydrocarbons. ®  Fluorides.

® Cyanides. *  Ammonia and nitrites.

List 1 substances are the most toxic and must be prevented from entering groundwater. Substances in this list may be
disposed of to the ground, under a permit, but must not reach groundwater.
List 2 substances are less dangerous and can be discharged to groundwater under a permit, but must not cause pollution.

Listed dangerous substances have assessment criteria in the form of EQS. The dangerous substance
is not believed to be detrimental to aquatic life at a concentration below its EQS limit (see EU 2008a).

The existing Groundwater Directive is to be repealed by the Water Framework Directive (WFD) in
2013. DEFRA (2010a) has been used to enact both the WFD and its daughter directive on the
protection of groundwater in E&W. This new Groundwater Directive (2006/118/EC) is commonly
referred to as the Groundwater Daughter Directive (EU 2006).

The existing principle of preventing or limiting the inputs of List 1 or List 2 substances respectively into
groundwater under the original Groundwater Regulations (DETR 1998b) remains, but have been
expanded and will continue to expand to encompass any substance liable to cause pollution. In
addition, the WFD provides a risk based framework for regulation.
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5.3 Water Framework Directive

The WFD (EU 2000) came into force in England & Wales (E&W) on 02/01/2004 through the Water
Environment (Water Framework Directive) (England and Wales) Regulations 2003 (S| 2003:3242
dated 10/12/2003). The WFD establishes the legal framework to protect and restore clean water
across the EU and ensure its long term, sustainable use. It sets specific deadlines for member states
to protect aquatic ecosystems and sets the goal of achieving a good (chemical and ecological) status
for all surface water (rivers, estuaries and coastal water) and groundwater (aquifers) in the EU by
2015.

Good status is considered to be a function of concentrations of pollutants which:-

= Do not exceed the quality standards under relevant EU legislation.

*«  Would not result in a failure of associated surface water bodies to achieve environmental
objectives.

= Would not result in a significant diminution of the ecological or chemical quality of associated
surface water bodies.

«  Would not result in any significant damage to groundwater dependent terrestrial ecosystems.

The WFD is designed to:-

= Enhance the status and prevent further deterioration of aquatic ecosystems and associated
wetlands, which depend on the aquatic ecosystems.

» Promote the sustainable use of water.

* Reduce pollution of water, especially by priority and priority hazardous substances.

» Ensure the progressive reduction of groundwater pollution.

The measures to achieve the objectives are set out in River Basin Management Plans (RBMP), of
which there are eleven in E&W. The RBMP were required to be operational by 22/12/2012. In E&W,
the RBMP were submitted to DEFRA by the agency on 22/09/09 for approval and publication by the
deadline. They were enacted by DEFRA (2009a).

The WFD requires, as a matter of priority, the causes of pollution to be identified and emissions to be
dealt with at source in the most economically and environmentally effective manner. In accordance
with Article 4, all member states should implement necessary measures with the aim of progressively
reducing pollution from priority substances and ceasing or phasing out emissions, discharges and
losses of priority hazardous substances.

The Environmental Quality Standards Directive (2008/105/EC dated 16/12/2008) (EQSD) has
replaced the List of Priority Substances (2455/2001/EC) since its implementation on 13/01/2009.
Similarly, the EQSD (EU 2008a) has repealed the limit values contained in a number of specific
daughter directives to the old Dangerous Substances Directive (see below) such as those for mercury
(82/176/EEC and 84/156/EEC), cadmium (83/513/EEC), HCCH (84/491/EEC) and the List 1 Daughter
Directive (86/280/EEC), as amended by 88/347/EEC and 90/415/EEC, although the directives
themselves remained in force until fully repealed on 22/12/2012. The EQSD is a daughter directive to
the WFD and has been enacted in E&W by DEFRA (2010Db).

The WFD repealed the Drinking Water Abstraction Directive (75/440/EEC dated 16/06/75) (DWAD) on
22/12/2007 and will repeal on 22/12/2013 the following directives:-

*» The Groundwater Directive (2006/118/EC dated 12/12/2006) (GWD) repealed 80/68/EEC dated
17/12/1979, which was implemented in E&W by The Groundwater Regulations 1998 (Sl
1998:2746 dated 02/12/1998). The GWD is a daughter directive of the WFD and came into force
in the EU on 16/01/2009 but will itself be repealed by the WFD. The main aim of the GWD is to
protect groundwater against pollution and deterioration. The new GWD has been implemented in
E&W by DEFRA (2010a).

+ The Shellfish Waters Directive (2006/113/EEC dated 12/12/2006) (SWD) is a codified version,
which repealed 79/923/EEC dated 30/11/1979 and came into force on 16/01/2007. The values set
by the SWD came into force on 16/01/2013, when the WFD repealed the SWD.

*« The Fresh Waters Fish Directive (2006/44/EC dated 06/09/06) (FWFD) is a codified version,
which repealed 78/659/EEC dated 18/07/78. It was brought into force in E&W by the Surface
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Waters (Fishlife) (Classification) Regulations 1997 (SI 1997:1331 dated 12/06/1997), as amended
by SI 2003:1053 on 12/05/20083.

+ The Dangerous Substances Directive (2006/11/EC dated 15/02/06) (DSD) is a codified version,
which repealed 76/464/EEC dated 04/05/76. The DSD has been integrated into the WFD and will
be used to implement the EU wide good status of all water bodies by 2015. The current
regulations used to implement the DSD into E&W legislation, such as the Surface Waters
(Dangerous Substances) (Classification) Regulations 1997 (Sl 1997:2560 dated 24/10/1997) as
amended by SI 1998:389 on 25/03/1998, are still in force until repealed by the WFD.

Although the WFD has/will repeal the Directives listed above, and of course all relevant regulations
used to introduce the directives into E&W law, the EQS values selected for the WFD must be at least
as stringent as those that they replace. The RBMP must contain measures to implement a number of
directives (as listed below), which will remain in force and are not superseded by the WFD:-

+ The IPPC Directive (2008/1/EC dated 15/01/2008) (IPPCD) is a codified version, which repealed
96/61/EC dated 24/09/1996.

» The Bathing Water Directive (2006/7/EEC dated 15/02/2006) (BWD), which will repeal
76/160/EEC dated 08/12/1975 on 31/12/2014.

+ The Drinking Water Directive (98/83/EC dated 03/11/1998) (DWD) is a codified version, which
repealed 80/778/EEC dated 15/07/1980. It was brought into force in E&W on 25/12/03 by the
Water Supply (Water Quality) Regulations 2000 (SI 2000:3184 made on 04/12/2000) and
amended by S| 2007:2734 dated 13/09/2007, which came into force on 22/12/2007.

*« The Urban Waste Water Treatment Directive (98/15/EC dated 27/02/98) (UWWTD) amended
91/271/EEC dated 21/05/1991 on 27/03/1998.

* The Nitrates Directive (91/676/EEC dated 12/12/1991) (ND).

*« The Sewage Sludge Directive (86/278/EEC dated 12/06/1986) (SSD).

Similarly, other directives to be taken into account include:-

« The Marine Strategy Framework Directive (2008/56/EC dated 17/06/2008) (MSFD) is the
equivalent of the WFD for marine waters. The MSFD had to be transposed by member states by
July 2010 with the aim of achieving good status across the EU by 2020.

» The Biocidal Products Directive (98/8/EC dated 16/02/1998) (BPD).

* The Plant Protection Products Directive (91/414/EEC dated 26/07/1993) (PPPD).

5.4 TGEN Approach
At the GQRA level, assessment typically comprises the following:-

* Consideration of soil concentrations of organic substances in the context of soil saturation to
determine the potential for migration under gravity.

» Comparison of soil leachate concentrations against appropriate GAC.

«  Comparison of groundwater concentrations against appropriate GAC.

This approach is equivalent to Tier 1/Level 1 assessment as undertaken using ConSim v2.5 (2009)
and/or Environment Agency (2006a).

The ideal remediation standard from the regulatory perspective is natural background quality, namely,
there should be no significant deterioration in the water quality at the receptor (that is, it should not be
detectable against natural background variations). This data may be obtained from up hydraulic
gradient locations or regional datasets. The agency has published information on the baseline
condition of several aquifers. It is recognised, however, that such data is rarely available and
remediation to such a standard is often not technically achievable or cost effective. For this reason
target concentrations utilised as GAC may be based on water quality standards that are appropriate
for the intended use or to ensure that objectives for a groundwater or associated water body are met.
The standards selected (as appropriate) are listed below in Section 5.5 and the sources of information
listed in Section 8. In E&W, priority is given to UK standards, then EU standards with those that are
statutory taking precedence over those that are non-statutory. Where data is not available for a
specific substance, additional standards such as those published by WHO or USEPA are used if
appropriate.
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5.5 Controlled Water GAC

Within the tables, values in bold are from current and/or proposed EQS values from directly relevant
EU Directives or UK Regulations or DEFRA/agency statutory guidance values. Values separated by a
hyphen give the range of EQS values for different alkalinity and/or upland vs lowland waters etc.
Values in brackets are MAC. Where necessary the map of areas of hard and soft water (produced by
the UK Drinking Water Inspectorate or agency records, or results of analyses) is/are used to
determine the hardness of controlled waters in the vicinity of a site.

The table below accompanies the following controlled water GAC tables and provides an explanation
of the abbreviations used and the sources of information used to derive the GAC.

W The River Basin Districts Typology Standards and Groundwater Threshold Values (Water Framework
Directive) (England and Wales) Directions 2010.
A MW The River Basin Districts Typology Standards and Groundwater Threshold Values (Water Framework
Directive) (England and Wales) Directions 2010.
Gw The River Basin Districts Typology Standards and Groundwater Threshold Values (Water Framework
Directive) (England and Wales) Directions 2010.
B FWS | Freshwater Fish Directive (2006/44/EC) & Surface Waters (Fishlife) Directions 2010 (salmonid water).
FWC | Freshwater Fish Directive (2006/44/EC) & Surface Waters (Fishlife) Directions 2010 (cyprinid water).
Groundwater Directive (2006/118/EC) and Groundwater (England and Wales) Regulations 2009 (Sl
C | GW | 2009:2902).
DW Drinking Water Directive (98/83/EEC) and/or the Water Supply (Water Quality) Regulations 2000 (Sl
D 2000:3184) (as amended).
PW | The Private Water Supplies Regulations 2009 (S| 2009:3101).
FW [ Various UK, EU & international statutory and non-statutory fresh water EQS values.
E MW [ Various UK, EU & international statutory and non-statutory marine water EQS values.
DW | Various UK, EU & international statutory and non-statutory drinking water EQS values.
F WAC | The Landfill (England & Wales) Regulations 2002 (as amended) (using inert WAC limits).
NRA | NRA leachate guidance values.
SW_ | RIVM 2005 (surface water).
MW [ RIVM 2005 (marine water).
G GW | RIVM 2005 and/or RIVM 711701 023 (groundwater SRCeco GW).
DW g{/\\/ll)\/l 711701 023 (drinking water using lowest of max. concentration for GW as DW or SRC human
FW | Environment & effluent general quality parameters (fresh water/rivers).
H GW | Environment & effluent general quality parameters (groundwater).
SW | Environment & effluent general quality parameters (treated sewage effluent).
TE | Environment & effluent general quality parameters (trade effluent).
I MRV | Based on current E&W national and/or UKAS accredited laboratory minimum reporting values/LoD.
J FW | Environment Agency (2010). Hazard Matrix.
GW_ | Environment Agency (2010). Hazard Matrix.

A &/or Environment Agency (2011). H1 Environmental Risk Assessment — Annex D (Version 2.2) for FW & MW.
E Includes WHO (2011). Guidelines for Drinking Water Quality (4" Edition).

FW Freshwater.

Mw Marine water.

GW Groundwater.

DW Drinking water.

PW Private.

TE Trade effluent.
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5.5.1 Surface Water GAC

Contaminant Units Fresh Water Ref Marine Water Ref
Aluminium ug/I 5-100 J 5-100 J
Antimony ug/l 113 J 113 J

Arsenic ug/I 50 A 25 A
Barium ug/I 130 J 130 J
Beryllium ug/I 0.5 | 0.5 |
Boron ug/I 2000 E 7000 E
Cadmium ug/l 0.1-0.25 (0.45-1.5) A 0.2 (0.45-1.5) A
Chromium " ug/l 4.7 (32) A 15 E
Chromium *' ug/l 3.4 A 0.6 (32) A
Copper ug/! 1-28 A 5 A
Iron ug/l 1000 A 1000 A
Lead ug/l 7.2 A 7.2 A
Manganese ug/l 60.5 J 60.5 J
Mercury ug/l 0.05 (0.07) A 0.05 (0.07) A
Molybdenum ug/I 73 J 73 J
Nickel ug/I 20 A 20 A
Selenium ug/I 21 J 2.1 J
Silver ug/I 0.1 | 0.5(1.0) A

Tin (inorganic) ug/I 25 A 10 A

Vanadium ug/l 20-60 J 20-60 J
Zinc ug/I 8-125 A 40 A
pH units 5.2-9.0 A 5.2-9.0 A
Bromate ug/I 10 D 10 D
Chloride mg/l 250 A
Conductivity uS/cm 2500 A
Fluoride mg/l 1-15 A 5 (15) A
Nitrate (as NO3) mg/l 50 E
Nitrite (as NO,) mg/l 0.01-0.03 B
Phosphorus mg/l 0.04-0.12 A
Sodium mg/l 170 E
Sulphate mg/l 400 A 250 E
Sulphide (as H.S) ug/l 0.25 (1.0) A 10 A
Suspended Solids mg/l 25 B 10 to 100 A
Total Dissolved Solids mg/| 400 F
Ammonia (Unionised) mg/l 0.005 (0.025) B 0.021 A
Ammonium mg/l 0.3-0.6 A
BODs mg/l 4-5 A
COD (Filtered) mg/l 30 E
DOC mg/l 50 F
Cyanide (free) ug/! 1(5) A 1(5) A
Cyanide ug/l 50 E
Phenol ug/| 7.7 (46) A 7.7 (46) A
Acenaphthene ug/l 5.8 J 5.8 J
Acenaphthylene ug/I 12 E 12 E
Anthracene ug/I 0.1 (0.4) A 0.1 (0.4) A
Benzo (a) anthracene ug/l 0.18 EJ 0.18 EJ
Benzo (b) fluoranthene ug/I 0.03 A 0.03 A
Benzo (k) fluoranthene ug/I 0.03 A 0.03 A
Benzo (ghi) perylene ug/l 0.02 J 0.02 J
Benzo (a) pyrene ug/I 0.05 (0.1) A 0.05 (0.1) A
Chrysene ug/I 0.28 J 0.28 J
Dibenzo (a) anthracene ug/l 0.04 E 0.04 E
Fluoranthene ug/I 0.1 (1.0) A 0.1 (1.0) A
Fluorene ug/I 3 J 3 J
Indeno (123-cd) pyrene ug/l 0.02 J 0.02 J
Naphthalene ug/l 2.4 A 1.2 A
Phenanthrene ug/I 0.4 J 0.4 J
Pyrene ug/l 0.08 E 0.08 E
TPH (Hydrocarbons) ug/| 50 to 200 E 50 to 200 BE
Benzene ug/l 10 (50) A 8 (50) A
Ethylbenzene ug/I 90 J 20 E
Toluene ug/l 50 (380) A 40 (370) A
Xylene ug/l 30 A 30 A
Individual Pesticides ug/l 0.1 C 0.1 C
Total Pesticides ug/| 0.5 C 0.5 C
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Contaminant Units Fresh Water Ref Marine Water Ref
Acrylamide ug/I 0.5 E 0.5 E
Arachlor ug/I 0.3 (0.7) A 0.3 (0.7) A
Atrazine ug/I 0.6 (2.0) A 0.6 (2.0) A
Bentazone ug/I 500 A 500 A
Biphenyl ug/I 25 A 25 A
Carbendazim ug/I 0.1 (1.0) A 0.1 (1.0) A
Carbon tetrachloride ug/I 12 A 12 A
Chlorfenvinphos ug/I 0.1 (0.3) A 0.1 (0.3) A
Chloroform ug/I 12 E 12 E
4-chloro-3-methyl-phenol ug/I 40 A 40 A
Chloronitrotoluenes ug/I 10 A 10 A
2-chlorophenol ug/I 50 (250) A 50 (250) A
Chlorpyrifos ug/! 0.03 (0.1) A 0.03 (0.1) A
Chlortoluron ug/I 2 (20) A 2 A
Clopyralid ug/I 0.1 A 0.1 A
Cyanazine ug/l 0.1 A 0.1 A
Cyclodiene pesticides (sum) ug/I 0.01 A 0.005 A
Cypermethrin ug/I 0.1 (0.4) A 0.1 (0.4) A
2,4-D ug/l 0.3 (1.3) A 0.3 (1.3) A

DDT (total) ug/I 0.025 A 0.025 A
Dalapon ug/l 0.1 A 0.1 A
Diazinon ug/l 0.01 (0.02) A 0.01 (0.1) A
Dichlorobenzene ug/I 20 (200) A 20 (200) A
1,2-Dichloroethane ug/I 10 A 10 A
Dichloromethane ug/! 20 A 20 A
2,4-Dichlorophenol ug/l 20 A 20 A
Dichlorprop ug/I 100 A 100 A
Dichlorvos ug/! 0.01 A 0.04 (0.6) A
Di(2-ethylhexyl)-phthalate ug/l 1.3 A 1.3 A
Dimethoate ug/I 0.48 (4.0) A 0.48 (4.0) A
Diuron ug/l 0.2 (1.8) A 0.2 (1.8) A
Endosulfan ug/l 0.005 (0.01) A 0.0005 (0.004) A
Fenitrothion ug/l 0.01 A 0.01 A
Glyphosphate ug/l 0.1 A 0.1 A
Hexachlorobenzene ug/l 0.01 (0.05) A 0.01 (0.05) A
Hexachlorobutadiene ug/I 0.1 (0.6) A 0.1 (0.6) A
Hexachlorocyclohexane ug/! 0.02 (0.04) A 0.002 (0.02) A
Isoproturon ug/! 0.3(1.0) A 0.3(1.0) A
Linuron ug/I 0.5 (0.9) A 0.5 (0.9) A
Malathion ug/I 0.01 A 0.02 A
MCPA ug/l 2 (20) A 2 (20) A
Mecoprop ug/I 18 (187) A 18 (187) A
Metazachlor ug/I 0.1 A 0.1 A
Nonylphenol ug/l 0.3 (2.0) A 0.3 (2.0) A
Octylphenol ug/l 0.1 A 0.01 A
Pentachlorobenzene ug/| 0.007 A 0.0007 A
Pentachlorophenol ug/| 0.4 (1.0) A 0.4 (1.0) A
Permethrin ug/I (0.01) A (0.01) A
Propazine ug/I 0.1 A 0.1 A
Propetamphos ug/! 0.1 A 0.1 A
Simazine ug/I 1.0 (4.0) A 1.0 (4.0) A
Terbutryn ug/l 0.1 A 0.1 A
Tetrachloroethylene ug/l 10 A 10 A
TCE ug/l 10 J 10 J
Tetrachloroethane ug/l 10.1 (57.8) A 10.1 (57.8) A
Tetrachloromethane ug/l 12 E 12 E
1,1,1-Trichloroethane ug/l 100 A 100 A
1,1,2-Trichloroethane ug/I 400 A 300 A
Trichloroethene ug/I 10 (55.2) A 10 (55.2) A
Trichloroethylene ug/l 10 A 10 A
Tributyltin ug/I 0.001 (0.0015) Al 0.001 (0.0015) Al
Trichlorobenzenes ug/l 0.4 A 0.4 A
Trichloromethane ug/l 2.5 A 25 A
Trietazine ug/I 0.1 A 0.1 A
Trifluralin ug/l 0.03 A 0.03 A
Trihalomethanes ug/l 100 E 100 E
Vinyl Chloride ug/l 840 J 840 J
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5.5.2 Groundwater GAC

Contaminant Units Secondary Ref Principal Ref
Aluminium ug/l 5-100 J 200 D
Antimony ug/l 113 J 5 D

Arsenic ug/I 51.6 (199) A 10 J
Barium ug/l 700 J 700 J
Beryllium ug/l 0.5 | 12 E
Boron ug/l 2000 E 1000 D
Cadmium ug/l 0.2 (1.1) A 5 J
Chromium " ug/l 5 (27.6) A 50 J
Chromium *' ug/l 3.4 A 50 J
Copper ug/l 10.1 (57.8) A 2000 J
Iron ug/l 1000 A 200 D
Lead ug/l 7.3 (39.8) A 25 J
Manganese ug/I 50 J 50 J
Mercury ug/l 1 J 1 J
Molybdenum ug/l 70 J 70 J
Nickel ug/I 20.2 (116) A 20 J
Selenium ug/l 10 J 10 J
Silver ug/l 0.1 | 100 E

Tin (inorganic) ug/l 25 A 25 E

Vanadium ug/l 20-60 J 50 E

Zinc ug/l 75.8 (414) A 5000 J

pH units 5.2-9.0 A 6.5-9.5 D

Bromate ug/l 10 A 10 D
Chloride mg/l 250 A 250 D
Conductivity uS/cm 2500 A 2500 D
Fluoride mg/l 1-15 A 1.5 D
Nitrate (as NOg) mg/l 50 C 50 Cc
Nitrite (as NOy) mg/l 0.5 D 0.5 D
Phosphorus mg/l 41.4 (536) A 2.2 E
Sodium mg/l 200 D 200 D
Sulphate mg/l 400 A 250 D
Sulphide (as H.S) ug/l 0.25 (1.0) A 0.25 (1.0) A
Ammonia (Unionised) mg/l 0.005 (0.025) B 1.5 E
Ammonium mg/l 0.3 (1.73) A 0.5 D
BODs mg/l 4-5 A 5 D

COD (Filtered) mg/l 30 E 5 D
DOC mg/l 50 F 50 F
Cyanide (free) ug/l 1(5) A 70 E
Cyanide ug/I 50 E 50 D
Phenol ug/I 15.2 (82.8) A 10 A
Acenaphthene ug/I 21 E 21 E
Acenaphthylene ug/l 12 E 12 E
Anthracene ug/l 0.1 (0.55) A 0.1 (0.4) A
Benzo (a) anthracene ug/I 0.18 EJ 0.18 EJ
Benzo (b) fluoranthene ug/l 0.03 EJ 0.03 EJ
Benzo (k) fluoranthene ug/l 0.03 EJ 0.03 EJ
Benzo (ghi) perylene ug/l 0.02 J 0.02 J
Benzo (a) pyrene ug/l 0.05 (0.1) A 0.01 J
Chrysene ug/I 0.28 J 0.28 J
Dibenzo (a) anthracene ug/I 0.04 E 0.04 E
Fluoranthene ug/l 0.1 (0.6) A 0.1 (0.6) A
Fluorene ug/l 3 J 3 J
Indeno (123-cd) pyrene ug/I 0.02 J 0.02 J
Naphthalene ug/I 2.4 (13.2) A 2.4 J
Phenanthrene ug/l 0.4 J 0.4 J
Pyrene ug/l 0.08 E 0.08 E

TPH (Hydrocarbons) ug/l 50 to 200 B E 10 E
Benzene ug/I 10.1 (55.2) A 1 J
Ethylbenzene ug/l 90 J 300 E
Toluene ug/l 50.5 (276) A 700 J
Xylene ug/l 30.3 (166) A 500 E
Individual Pesticides ug/I 0.1 C 0.1 C
Total Pesticides ug/l 0.5 C 0.5 C
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Contaminant Units Secondary Ref Principal Ref
Acrylamide ug/I 0.5 E 0.1 D
Arachlor ug/l 0.3 (0.7) A 0.1 D
Atrazine ug/l 0.62 (3.47) A 0.1 A
Bentazone ug/I 514 (2890) A 0.1 A
Biphenyl ug/l 25 A 25 A
Carbendazim ug/l 0.1 (1.0) A 0.1 A
Carbon tetrachloride ug/I 12.1 (66.2) A 3 A
Chlorfenvinphos ug/l 0.1 (0.58) A 0.1 A
Chloroform ug/I 2.53 (13.8) A 100 A
4-chloro-3-methyl-phenol ug/I 40 A 40 A
Chloronitrotoluenes ug/I 10 A 10 A
2-chlorophenol ug/l 50 (250) A 50 A
Chlorpyrifos ug/I 0.03 (0.1) A 0.03 A
Chlortoluron ug/l 2 (20) A 0.1 A
Clopyralid ug/I 0.1 A 0.1 A
Cyanazine ug/l 0.1 A 0.1 A
Cyclodiene pesticides (sum) ug/I 0.01 A 0.1 E
Cypermethrin ug/l 0.0001 (0.0005) A 0.1 A
2,4-D ug/l 1 E 30 E
DDT (total) ug/l 0.025 A 0.1 E
Dalapon ug/l 0.1 A 0.1 A
Diazinon ug/I 0.01 (0.06) A 0.1 A
Dichlorobenzene ug/I 20 (200) A 300 E
1,2-Dichloroethane ug/l 10 A 3 A
Dichloromethane ug/I 20.7 (62.2) A 10 A
2,4-Dichlorophenol ug/l 20 A 20 A
Dichlorprop ug/I 100 A 100 A
Dichlorvos ug/I 0.01 A 0.1 D
Di(2-ethylhexyl)-phthalate ug/l 1.3 A 1.3 A
Dimethoate ug/l 0.48 (4.0) A 6 E
Diuron ug/I 0.2(1.2) A 0.1 A
Endosulfan ug/l 0.005 (0.01) A 0.1 D
Fenitrothion ug/l 0.01 A 0.1 D
Glyphosphate ug/l 0.1 A 0.1 A
Hexachlorobenzene ug/I 0.01 (0.05) A 0.1 D
Hexachlorobutadiene ug/l 0.1 (0.6) A 0.6 E
Hexachlorocyclohexane ug/I 0.02 (0.04) A 0.1 D
Isoproturon ug/I 0.3(1.7) A 0.1 A
Linuron ug/l 0.5 (0.9) A 0.1 D
Malathion ug/I 0.01 A 0.1 D
MCPA ug/l 2 (20) A 0.1 A
Mecoprop ug/l 5.1 (28.9) A 0.1 A
Metazachlor ug/I 0.1 A 0.1 A
Nonylphenol ug/I 0.3 (2.0) A 0.3 A
Octylphenol ug/I 0.1 A 0.1 A
Pentachlorobenzene ug/I 0.007 A 0.007 A
Pentachlorophenol ug/I 0.4 (2.2) A 0.1 A
Permethrin ug/I 0.01 (0.06) A 0.1 A
Propazine ug/l 0.1 A 0.1 A
Propetamphos ug/I 0.1 A 0.1 A
Simazine ug/I 1.0 (5.8) A 0.1 A
Terbutryn ug/l 0.1 A 0.1 A
Tetrachloroethylene ug/| 10 A 10 A
TCE ug/l 10 J 10 D
Tetrachloroethane ug/l 10.1 (57.8) A 10 A
Tetrachloromethane ug/| 12 E 3 D
1,1,1-Trichloroethane ug/I 101 (552) A 10 A
1,1,2-Trichloroethane ug/I 404 (2210) A 10 A
Trichloroethene ug/I 10 (55.2) A 10 A
Trichloroethylene ug/l 10 A 10 A
Tributyltin ug/l 0.001 (0.0015) Al 0.02 E
Trichlorobenzenes ug/I 0.4 A 20 E
Trichloromethane ug/l 25 A 2.5 A
Trietazine ug/I 0.1 A 0.1 A
Trifluralin ug/l 0.03 A 0.1 A
Trihalomethanes ug/l 100 E 100 D
Vinyl Chloride ug/l 840 J 0.5 D
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5.5.3 Drinking Water GAC

Contaminant Units DW Ref
Aluminium ug/I 200 D
Antimony ug/l 5 D

Arsenic ug/I 10 D
Barium ug/I 700 E
Beryllium ug/I 12 E
Boron ug/I 1000 D
Cadmium ug/I 5 D
Chromium " ug/! 50 D
Chromium ¥' ug/l 50 D
Copper ug/| 2000 D
Iron ug/l 200 D
Lead ug/I 25 D
Manganese ug/I 50 D
Mercury ug/l 1 D
Molybdenum ug/l 70 E
Nickel ug/I 20 D
Selenium ug/l 10 D
Silver ug/I 100 E

Tin (inorganic) ug/l 25 E

Vanadium ug/! 50 E

Zinc ug/I 5000 J

pH units 6.5-9.5 D
Bromate ug/! 10 D
Chloride mg/l 250 D
Conductivity uS/cm 2500 D
Fluoride mg/l 1.5 D
Nitrate (as NO3) mg/l 50 D
Nitrite (as NO5) mg/l 0.5 D
Phosphorus mg/l 2.2 E
Sodium mg/l 200 D
Sulphate mg/l 250 D
Sulphide (as H.S) ug/l 0.25 (1.0) A
Total Dissolved Solids mg/l 600 E
Ammonia (Unionised) mg/l 1.5 E
Ammonium mg/l 0.5 D
BODs mg/I 5 D

COD (Filtered) mg/l 5 D
DOC mg/l 50 F
Cyanide (free) ug/| 70 E
Cyanide ug/l 50 D
Phenol ug/I 10 A

PAH (UK4) Ug/| 0.1 D
Benzo (a) pyrene ug/| 0.01 D
TPH (Hydrocarbons) ug/| 10 E
Benzene ug/I 1 D
Ethylbenzene ug/I 300 E
Toluene ug/l 700 E
Xylene ug/I 500 E
Individual Pesticides ug/l 0.1 D

Total Pesticides ug/l 0.5 D

Acrylamide ug/I 0.1 D
Arachlor ug/I 0.1 D
Atrazine ug/I 0.1 AD

Bentazone ug/! 0.1 AD
Biphenyl ug/I 25 A

Carbendazim ug/I 0.1 AD
Carbon tetrachloride ug/I 3 AD

Chlorfenvinphos ug/l 0.1 AD

Chloroform ug/I 100 A
4-chloro-3-methyl-phenol ug/I 40 A
Chloronitrotoluenes ug/I 10 A

2-chlorophenol ug/I 50 A
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Contaminant Units DW Ref
Chlorpyrifos ug/! 0.03 A
Chlortoluron ug/I 0.1 AD

Clopyralid ug/I 0.1 AD
Cyanazine ug/l 0.1 AD
Cyclodiene pesticides (sum) ug/I 0.1 D
Cypermethrin ug/l 0.1 AD
2,4-D ug/l 30 E
DDT (total) ug/! 0.1 E
Dalapon ug/l 0.1 AD
Diazinon ug/I 0.1 AD

Dichlorobenzene ug/l 300 E

1,2-Dichloroethane ug/l 3 AD

Dichloromethane ug/! 20 E

2,4-Dichlorophenol ug/I 20 A
Dichlorprop ug/I 100 A
Dichlorvos ug/I 0.1 D

Di(2-ethylhexyl)-phthalate ug/I 8 E
Dimethoate ug/l 6 E
Diuron ug/I 0.1 AD
Endosulfan ug/I 0.1 D
Fenitrothion ug/l 0.1 D
Glyphosphate ug/I 0.1 AD
Hexachlorobenzene ug/I 0.1 D
Hexachlorobutadiene ug/I 0.6 E
Hexachlorocyclohexane ug/I 0.1 D
Isoproturon ug/I 0.1 AD
Linuron ug/l 0.1 D
Malathion ug/I 0.1 D
MCPA ug/l 0.1 AD
Mecoprop ug/I 0.1 AD
Metazachlor ug/l 0.1 AD
Nonylphenol ug/! 0.3 A
Octylphenol ug/I 0.1 A
Pentachlorobenzene ug/| 0.007 A

Pentachlorophenol ug/I 0.1 A
Permethrin ug/I 0.1 AD
Propazine ug/I 0.1 AD

Propetamphos ug/! 0.1 AD

Simazine ug/I 0.1 AD

Terbutryn ug/l 0.1 AD
Tetrachloroethylene ug/l 10 A
TCE ug/l 10 D
Tetrachloroethane ug/I 10 A
Tetrachloromethane ug/! 3 D
1,1,1-Trichloroethane ug/I 10 A
1,1,2-Trichloroethane ug/l 10 A
Trichloroethene ug/I 10 A
Trichloroethylene ug/l 10 A
Tributyltin ug/l 0.02 E

Trichlorobenzenes ug/l 20 E

Trichloromethane ug/l 2.5 A
Trietazine ug/I 0.1 AD
Trifluralin ug/l 0.1 AD

Trihalomethanes ug/l 100 D
Vinyl Chloride ug/| 0.5 D

PAH wuks) (benzo (b) fluoranthene, benzo (k) fluoranthene, benzo (ghi) perylene

and indeno (123-cd) pyrene).
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6.0 RISKS TO OTHER RECEPTORS

6.1 Ecological

Environment Agency (2008c) has developed an ecological risk assessment (ERA) framework for
contaminated soils in collaboration with relevant statutory authorities and industry. The ERA
framework aims to provide a structured approach for assessing the risks to ecology from chemical
contamination in soils, a requirement under Part IIA (contaminated land) of the Environmental
Protection Act 1990. Where a statutory ecological receptor is identified on, or in close proximity to a
site, an assessment in accordance with the current agency ERA framework is undertaken.

The ERA framework has been designed to:-

» Establish whether pollutant linkages are likely to exist between contamination on a site and the
identified designated ecological receptors by undertaking a desk study and compilation of a
preliminary conceptual site model.

« Gather sufficient information for making decisions regarding whether harm to these receptors is
occurring or could occur in the future by undertaking a screening step based on a comparison of
chemical analyses of site soils with a soil screening value (SSV) for the contaminants of potential
concern or by use of ecological surveys and/or biological testing to gather evidence for any harm
to ecological receptors present at the designated site and then seeking to attribute the harm to the
chemical contamination.

The document describing the ERA framework (SR1) is supported by six guidance documents:-

Desk studies and conceptual site models (SR2a).
Use of soil screening values (SR2b).

Use of bioassays (SR2c).

Use of ecological surveys (SR2d).

Attribution of cause and effect (SR2e).

Standard operating procedures for bioassays (SR3).

" & e e e e

The ERA framework for contaminants in soils is based on best practice in risk assessment and
consequently can also be used in contexts other than Part IIA, such as within conservation
regulations, and planning, and pollution control.

6.1.1 Part lIA

Ecological harm within Part lIA is confined to specified receptors, which are any ecological systems or
living organisms forming part of such systems within a location which is:-

A SSSI notified under section 28 of the Wildlife and Countryside Act 1981.

A NNR declared under section 35 of the above act.

A marine nature reserve designated under section 36 of the above act.

An area of special protection for birds under section 3 of the above act.

Any habitat or site afforded policy protection under paragraph 6 of PPS 9 on nature conservation.

Any nature reserve established under section 21 of the National Parks and Access to the

Countryside Act 1949.

* Any European site within the meaning of regulation 10 of the Conservation (Natural Habitats etc)
Regulations 1994.

» Any candidate SAC or potential SAC given equivalent protection.

T & e e e 0
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6.1.2 Habitats Directive

Regulation 3 of the Conservation Regulations 1994 (commonly known as the Habitats Regulations)
implements the requirements of the European Habitats Directive 92/43/EEC in the UK. It also secures
the protection of areas classified under the Wild Birds Directive 79/409/EEC.

The agency applies the regulations when considering all applications for authorisations, permissions,
permits, consents and environmental licenses and for all relevant agency policy and operational
activities. A risk assessment process is initiated in situations where an application under the UK
system of land use planning or a review of permits, licenses, etc. is likely to impact on sites protected
under the regulations. The ERA framework is used in this process.

6.1.3 Planning and Pollution Control

ODPM (2004) states that land contamination, or the possibility of it, is a material planning
consideration in the preparation of development plan documents and in taking decisions on individual
planning applications. Development plans and decisions on individual planning applications should
take into account the potential sensitivity of the area to adverse effects from pollution, including nature
conservation interests such as:-

SSSI.

National Parks.

Areas of Outstanding Natural Beauty (AONB).

SAC and SPA.

Wetlands of international importance (RAMSAR sites).

. & e e e

Where appropriate, SSV and the wider ERA framework is used to assess the possible risks to nature
conservation interests when potentially polluting activities are proposed. Where necessary, they are
also applied to the assessment and remediation of historic contamination.

6.2 Soil and Landscape Planting

Where soils are to be used (reused or imported) for landscape planting, an assessment is made in
accordance with BSI (2007a) unless composted materials are used, in which case BSI (2011b) is
referred to. Dependent upon the risk scenarios identified, reference to other publications such as
Dickinson et al (2000), NIPHE (2001) and specific scientific/research papers published by ourselves or
contained in our extensive library may be made.

6.3 Buildings and Construction Materials

Building materials are often subjected to aggressive environments which cause them to undergo
chemical or physical changes. These changes may result in loss of strength or other properties that
may put at risk their structure integrity or ability to perform to design requirements. Aggressive
conditions include:-

Severe climates.
Coastal conditions.
Polluted atmospheres.
Contaminated soil.

" e e e

In aggressive ground conditions, the potential for contaminant attack depends on the following:-

* The presence of water as a carrier of chemical contaminants.

» The availability of the contaminant in terms of solubility, concentration and rates of replenishment.
» Contact between the contaminant and the building material.

* The nature of the building materials and its capability of being attacked by contaminants.

In general the thicker the building material the less likelihood there is for contaminant attack to cause
damage to the integrity of the structure.

6.3.1 Hazard Identification and Assessment

The identification of hazards is based on the findings of the investigation primarily relating to former
land uses (i.e. the potential for chemical contamination and the likely forms present) and laboratory
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determination of the concentration of chemical contaminants. Clearly, the scope of laboratory testing is
determined with respect to former land uses and contaminants which may cause harm to human
health, and water resources.

The identification of hazards from contamination and subsequent assessment of risks is based on the
following:-

= The contaminants present on a site.

= The nature of the contaminant (e.g. calcium sulphate is much less soluble than sodium or
magnesium sulphate and is, therefore, less of a concern with regards to sulphate attack).

*« The concentration of contaminants. In general, the higher the concentration the greater the
hazard.

» The solubility of the contaminants. Those that are not soluble will not generally react with
materials.

» The permeability of the soils (i.e. the pathway through which fluids can transport contaminants to
the building).

The process of risk assessment for building materials is concerned with identification of the hazard
(contaminants at the site a source) and subsequently how the contaminants can reach the building
(pathway) and how they can react with the building (receptor). Thus the risk assessment produced is
based on the source-pathway-receptor model.

In this context, buildings include construction materials, underground structures and services. An
assessment of potential risks to buildings and construction materials is undertaken in accordance with
statutory guidance such as DCLG (2010) and other guidance such as DoE (1987 and 1992), BRE
(1994), Highways Agency (1998), Environment Agency (2000 and 2001) and other references as
summarised in Section 8. Where required, concentrations of contaminants are compared against the
threshold values given in ERL (1987) and WRc (1992) for organic contaminants, BRE (2005) for
protection of concrete, Highways Agency (1998) for protection of earthworks, UKWIR (2010) for the
selection of potable water supply pipe materials and other references as summarised in Section 8.

6.4 Property

In this context, property is defined as crops, home grown/allotment produce, pets, livestock and wild
animals, subject to shooting/fishing rights etc. It excludes buildings, underground structures, services,
plant and machinery. A summary of the documents referred to in undertaking property risk
assessments is contained in Section 8 and includes the Food Safety Act 1990, ICRCL (1990), MAFF
(1998), as superseded by DEFRA (2009b), DoH (2010) and EU (2002).
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7.0 RISK FROM GROUND GAS

7.1 Leqgislative Framework

The presence of harmful ground gasses could provide a potential source within in a pollutant linkage
allowing the regulator (local authority or the agency) to determine if there is a significant possibility of
harm being caused to humans, buildings or the environment.

With regards to planned future use, ODPM (2004) requires developers to undertake appropriate risk
assessments to demonstrate to the local authority that proposals adequately mitigate any potential
hazards associated with contamination including ground gas. The Town and Country Planning
(General Development Procedure) Order 1995, requires the local authority to consult with the agency
before granting planning permission for development within 250m of land which is being used for the
deposit of waste or has been at any time in the last 30 years, or it has been notified for the purposes
of that provision.

Building control bodies enforce compliance with DCLG (2010). Practical guidance is provided in
approved documents, one of which is Part C (site preparation and resistance to contaminants and
moisture), which seeks to protect the health, safety and welfare of people in and around buildings, and
includes requirements for protection against harm from ground gas.

In complying with DCLG (2010), a risk assessment approach is required in relation to gaseous
contamination based on the source-pathway-receptor conceptual model procedure. We have adopted
procedures described in the relevant documents along with BSI (2013) for investigation and
assessments of risk of a development being affected by ground gases and if appropriate the
identification of mitigation measures.

An assessment of the risk of the site being affected by ground gases is based on the following
aspects:-

» Source of the gas.

* Investigation information.

«  Migration feasibility.

«  Sensitivity of the development and its location relative to the source.
7.2 General

The following assessment relates to the potential for, and the effects of, gasses generated by
biodegradable matter. A separate but related class of problem involves the migration of hydrocarbon
vapour phase resulting for example from spillages of petroleum products and/or solvents. The
principal ground gasses are carbon dioxide (CO,) and methane (CH,). The potential for the
development to be affected by radon gas is also considered within the Phase 1 PRA.

Where risks from ground gases are identified as a potential SPL, then an appropriate programme of
gas monitoring and/or risk assessment is undertaken.

During the site investigation, the design of any gas monitoring is based upon the CSM derived as part
of the Phase 1 PRA. An appropriate number of boreholes excavated during the site investigation and
sited to target the SPL would be installed with standpipes (e.g. a 19 to 50mm diameter HDPE
monitoring standpipe, protected by an end cap and gravel pack, completed with a bung, valve and
metal cover etc.). The response zone (the slotted section of the pipe) would be confined to the strata
identified as the potential pathway for the migration of ground gases. Typically, the first one metre
from ground level comprises plain standpipe with a bentonite seal to prevent the ingress of
atmospheric gases.

In accordance with CIRIA (2007a,b) and based on the gas hazard and site sensitivity, an appropriate
density/spacing for the boreholes would be chosen. Subsequently, in accordance with CIRIA
(2007a,b) and based on the generation potential, and site sensitivity for the development, an
appropriate programme of monitoring over an appropriate period of time would be designed and
implemented, ideally during which at least one set of monitoring would be undertaken during
low/falling atmospheric pressure.
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The results of the gas monitoring assessment are then used to generate a gas screening value (GSV)
for the worst case concentration of the gas at the worst case steady state flow, which would then be
compared with relevant guidance such as NHBC (2007), BSI (2007b) and CIRIA (2007a,b) etc.

It should be noted that the NHBC traffic light system is specifically for low rise housing developments
with a clear, ventilated subfloor void, whereas CIRIA is for residential (not low rise) developments
and/or office/commercial/industrial developments.

Where appropriate, the local environmental health department and/or building control are consulted on
the scope of any proposed measures to be adopted at the earliest opportunity.

7.3 Ground Gas GAC
7.3.1 NHBC Traffic Light System

The table below contains typical maximum concentrations and Gas Screening Values (GSV) for the
traffic light system detailed in NHBC (2007).

Methane Carbon Dioxide
Traffic Light T Tvpical Maxi Gas
Classification ypica aximum GSV (|/hl') ypica aximum Screening
- o, 1 0O,
Concentration (%v/v) Concentration (%V/V)| .10 (/hr)
Green
1 0.13 5 0.78
Amber 1
5 0.63 10 1.60
20 1.60 30 3.10

Based on the traffic light classification, the following recommendations for gas protection measures
are provided by NHBC (2007):-

Traffic

Light Ground Protection Measures Required

Green Ground gas protection measures are not required.

Low level ground gas protection measures are required, using a membrane and ventilated subfloor void that
creates a permeability contrast to limit the ingress of gas into buildings. Gas protection measures are to be
installed as prescribed in BRE (2001). Ventilation of the subfloor void should be designed to provide a minimum
of one complete volume change per 24hrs.

Amber 1

High level ground gas protection measures are required, creating a permeability contrast to prevent ingress of
gas into buildings. Gas protection measures are to be installed as prescribed in BRE (2001). Membranes used
should always be fitted by a specialist contractor and should be fully certified. As with Amber 1, ventilation of the
subfloor void should be designed to provide a minimum of one complete volume change per 24hrs.

Standard residential housing is not normally acceptable without further ground gas risk assessment and/or
possible remedial mitigation measures to reduce/remove the source of the ground gases. In certain
circumstances, active protection methods could be applied, but only when there is a legal agreement assuring the
management and maintenance of the system for the life of the property.
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7.3.2 CIRIA System

GAC for ground gas based on the modified Wilson and Card and the CIRIA recommendations for gas
protection measures (CIRIA 2007a,b) are summarised in the tables below:-

Characteristic Risk GSV (CH, or . i
Situation Classification | COy) (I/hr) Additional Factors Typical Sources
Typically CHs <1%yVv/v and/or COz g .
1 Very low risk <0.07 <5%Vi/v. Otherwise  consider Nar:lt”ﬁlt Sr?c'jltW'.th Iamloc;lv or?ar?c'jc
increase to Situation 2. content and typical macde grouna.
Borehole flow rate not to exceed| Natural soil with a high
2 Low risk <0.7 70l/hr. Otherwise consider | peat/organic content and typical
increase to Situation 3. made ground.
. Old landfill, inert waste and
3 Moderate risk <3.5 None. flooded mine working.
Moderate to Quantitative  risk  assessment| Mine working susceptible t.o
4 high risk <15 required to evaluate scope of]| flooding and completed Ilandfill
protective measures. (DoE 1991 & DoE 1995b).
N Un-flooded and inactive mine
S High risk <70 None. with near surface workings.
6 Very high risk >70 None. Recent landfill sites.
Residential Building (Not Low Rise) Commercial/Industrial Development
Characteristic
Situation Levels of Typical Scope of Protective Levels of Typical Scope of Protective
Protection Measures Protection Measures
1 None No special precautions. None No special precautions.
. . a) Reinforced concrete cast in situ floor slab
fall) Reinforced concrete cast in situ (suspended, non-suspended or raft) with at
oor slab  (suspended, non-
suspended or raft) with at least least 1200g DPMS.
- b) Beam and block or precast concrete slab
1200g DPM9 and underfloor venting. and minimum 2000g DPM/reinforced gas
2 2 b) Beam and block or precast 1to2
concrete and 2000g DPM/reinforced membrane_. .
c) Possibly underfloor venting or
gas membrane and underfloor sation i bination with a) and b)
venting. All joints and penetrations pressurisation in com L
sealed depending on use. Al joints and
) penetrations sealed.
All types of floor slab as above. All All types of floor slab as above. All joints
joints and penetrations sealed. and penetrations sealed. Minimum 2000g
3 2 Proprietary gas resistant membrane 1t02 DPM/reinforced gas proof membrane and
and passively ventilated or positively passively ventilated underfloor subspace or
pressurised underfloor subspace. positively pressurised underfloor subspace.
All types of floor slab as above. All
Jlglnts_ and penet.ratlons sealed. All types of floor slab as above. All joints
roprietary gas resistant membrane ) ;
d passively ventilated underfloor anq penetrations sealed. Proprletary.gas
4 3 and p - : 2t03 resistant membrane and  passively
Squpﬁce or pogmvely pressurlszlatd ventilated or  positively  pressurised
ggpgirngogr bli?:ijir?gagﬁ’d in oggj'ng underfloor subspace with monitoring facility.
venting layer.
Reinforced concrete cast in situ floor
slab (suspended, non- suspended or Reinforced concrete cast in situ floor slab
raft). All joints and penetrations (suspended, non-suspended or raft). All
sealed. Proprietary gas resistant joints and penetrations sealed. Proprietary
5 4 membrane and ventilated or 3to4 gas resistant membrane and passively
positively  pressurised  underfloor ventilated or  positively  pressurised
subspace, oversite capping and in underfloor subspace with monitoring facility.
ground venting layer, and in ground In ground venting wells or barriers.
venting wells or barriers.
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Overview of Findings

For further details on each dataset, please refer to each individual section in the main report as listed. Where the

database has been searched a numerical result will be recorded. Where the database has not been searched '-' will
be recorded.
Section 1: Environmental Permits .
- X i On-site 0-50m 51-250 251-500
Incidents and Registers
1.1 Industrial Sites Holding Environmental Permits and/or
Authorisations
1.1.1 Records of historic IPC Authorisations 0 0 0 0
1.1.2 Records of Part A(1) and IPPC Authorised Activities 0 0 0 0
1.1.3 Records of Water Industry Referrals (potentially harmful
. . 0 0 0 0
discharges to the public sewer)
1.1.4 Records of Red List Discharge Consents (potentially harmful
X 0 0 0 0
discharges to controlled waters)
1.1.5 Records of List 1 Dangerous Substances Inventory sites 0 0 0 0
1.1.6 Records of List 2 Dangerous Substances Inventory sites 0 0 0 0
1.1.7 Records of Part A(2) and Part B Activities and Enforcements 0 0 0 0
1.1.8 Records of Category 3 or 4 Radioactive Substances
N 0 0 0 0
Authorisations
1.1.9 Records of Licensed Discharge Consents 0 0 0 3
1.1.10 Records of Planning Hazardous Substance Consents and
0 0 0 0
Enforcements
1.2 Records of COMAH and NIHHS sites 0 0 0 0
1.3 Environment Agency Recorded Pollution Incidents
1.3.1 National Incidents Recording System, List 2 0 0 0 0
1.3.2 National Incidents Recording System, List 1 0 0 0 0
1.4 Sites Determined as Contaminated Land under Part 2A EPA 1990 0 0 0 0
Section 2: Landfill and Other Waste . .
) On-site  0-50m 51-250 251-500 501-1000 000
5000
Sites
2.1 Landfill Sites
2.1.1 Environment Agency Registered Landfill Sites 0 0 0 0 0 Not searched
2.1.2 Environment Agency Historic Landfill Sites 0 0 0 0 3 2
2.1.3 BGS/DoE Landfill Site Survey 0 0 0 0 0 0
2.1.4 GroundSure Local Authority Landfill Sites Data 0 0 0 0 0 0
2.2 Landfill and Other Waste Sites Findings
2.2.1 Operational and Non-Operational Waste Treatment, Transfer 0 0 0 0 Not searched  Not searched

and Disposal Sites

2.2.2 Environment Agency Licensed Waste Sites 0 0 0 0 1 1




Section 3: Current Land Use 0-50m 51-250 251-500
3.1 Current Industrial Sites Data 1 2 Not searched
3.2 Records of Petrol and Fuel Sites 0 0 1
3.3 Underground High Pressure Oil and Gas Pipelines 0 0 0
Section 4: Geology
4.1 Are there any records of Artificial Ground and Made Ground No
present beneath the study site?
4.2 Are there any records of Superficial Ground and Drift Geology None
present beneath the study site?
4.3 For records of Bedrock and Solid Geology beneath the study site
see the detailed findings section.
Section 5: Hydrogeology and Hydrology 0-500m
5.1 Are there any records of Strata Classification in the Superficial No
Geology within 500m of the study site?
5.2 Are there any records of Strata Classification in the Bedrock Yes
Geology within 500m of the study site?
1000-
51-250 251-500 501-1000 2000
5.3 Groundwater Abstraction Licences (within 2000m of the study 0 0 1 1
site)
5.4 Surface Water Abstraction Licences (within 2000m of the study 0 0 0 0
site)
5.5 Potable Water Abstraction Licences (within 2000m of the study 0 0 0 0
site)
5.6 Source Protection Zones (within 500m of the study site) 0 0 Not searched  Not searched
1000-
51-250 251-500 501-1000 1500
5.7 Is there any Environment Agency information on river quality
within 1500m of the study site? No No Yes No
5.8 Detailed River Network entries within 500m of the site 2 2 Not searched  Not searched
5.9 Surface water features within 250m of the study site Yes Not searched ~ Not searched ~ Not searched

Section 6: Flooding

6.1 Are there any Environment Agency Zone 2 floodplains within
250m of the study site?

6.2 Are there any Environment Agency Zone 3 floodplains within
250m of the study site?

6.3 Are there any Flood Defences within 250m of the study site?

6.4 Are there any areas benefiting from Flood Defences within 250m
of the study site?

6.5 Are there any areas used for Flood Storage within 250m of the
study site?

6.6 What is the maximum BGS Groundwater Flooding susceptibility
within 50m of the study site?

6.7 What is the BGS confidence rating for the Groundwater Flooding
susceptibility areas?

No

No

No

No

No

Limited potential

Low




Section 7: Designated Environmentally . 0 so11000 1000-
Sensitive Sites 2000
7.1 Records of Sites of Special Scientific Interest (SSSI) 0 0 0 0 1
7.2 Records of National Nature Reserves (NNR) 0 0 0 0 0
7.3 Records of Special Areas of Conservation (SAC) 0 0 0 0 0
7.4 Records of Special Protection Areas (SPA) 0 0 0 0 0
7.5 Records of Ramsar sites 0 0 0 0 0
7.6 Records of Ancient Woodlands 1 0 3 17 61
7.7 Records of Local Nature Reserves (LNR) 0 0 0 0 0
7.8 Records of World Heritage Sites 0 0 0 0 0
7.9 Records of Environmentally Sensitive Areas 0 0 0 0 0
7.10 Records of Areas of Outstanding Natural Beauty (AONB) 0 1 0 0 0
7.11 Records of National Parks 0 0 0 0 0
7.12 Records of Nitrate Sensitive Areas 0 0 0 0 0
7.13 Records of Nitrate Vulnerable Zones 1 0 0 0 0
Section 8: Natural Hazards

8.1 What is the maximum risk of natural ground subsidence? Very Low

Section 9: Mining
9.1 Are there any coal mining areas within 75m of the study site?

9.2 What is the risk of subsidence relating to shallow mining within
150m of the study site?

9.3 Are there any brine affected areas within 75m of the study site?

No

Low

No




Using this report

The following report is designed by Environmental Consultants for Environmental Professionals bringing together the
most up-to-date market leading environmental data. This report is provided under and subject to the Terms & Condi -
tions agreed between GroundSure and the Client. The document contains the following sections:

1. Environmental Permits, Incidents and Registers

Provides information on Regulated Industrial Activities and Pollution Incidents as recorded by Regulatory Authorit-
ies, and sites determined as Contaminated Land. This search is conducted using radii up to 500m.

2. Landfills and Other Waste Sites

Provides information on landfills and other waste sites that may pose a risk to the study site. This search is conducted
using radii up to 1500m.

3. Current Land Uses

Provides information on current land uses that may pose a risk to the study site in terms of potential contamination
from activities or processes. These searches are conducted using radii of up to 500m. This includes information on po-
tentially contaminative industrial sites, petrol stations and fuel sites as well as high pressure underground oil and gas
pipelines.

4. Geology
Provides information on artificial and superficial deposits and bedrock beneath the study site.
5. Hydrogeology and Hydrology

Provides information on productive strata within the bedrock and superficial geological layers, abstraction licenses,
Source Protection Zones (SPZs) and river quality. These searches are conducted using radii of up to 2000m.

6. Flooding

Provides information on surface water flooding, flood defences, flood storage areas and groundwater flood areas. This
search is conducted using radii of up to 250m.

7. Designated Environmentally Sensitive Sites

Provides information on the Sites of Special Scientific Interest (SSSI), National Nature Reserves (NNR), Special Areas
of Conservation (SAC), Special Protection Areas (SPA), Ramsar sites, Local Nature Reserves (LNR), Areas of Outstand-
ing Natural Beauty (AONB), National Parks (NP), Environmentally Sensitive Areas, Nitrate Sensitive Areas, Nitrate
Vulnerable Zones and World Heritage Sites and Scheduled Ancient Woodland. These searches are conducted using
radii of up to 2000m.

8. Natural Hazards

Provides information on a range of natural hazards that may pose arisk to the study site. These factors include natural
ground subsidence.

9. Mining
Provides information on areas of coal and shallow mining.
10. Contacts

This section of the report provides contact points for statutory bodies and data providers that may be able to provide
further information on issues raised within this report. Alternatively, GroundSure provide a free Technical Helpline
(08444 159000) for further information and guidance.

Note: Maps

Only certain features are placed on the maps within the report. All features represented on maps found within this
search are given an identification number. This number identifies the feature on the mapping and correlates it to the
additional information provided below. This identification number precedes all other information and takes the fol -
lowing format -Id: 1, Id: 2, etc. Where numerous features on the same map are in such close proximity that the num -
bers would obscure each other a letter identifier is used instead to represent the features. (e.g. Three features which
overlap may be given the identifier “A” on the map and would be identified separately as features 1A, 3A, 10A on the
data tables provided).

Where a feature is reported in the data tables to a distance greater than the map area, it is noted in the data table as
“Not Shown”.

All distances given in this report are in Metres (m). Directions are given as compass headings such as N: North, E: East,
NE: North East from the nearest point of the study site boundary.
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1. Environmental Permits,
Incidents and Registers

1.1 Industrial Sites Holding Licences and/or Authorisations

Searches of information provided by the Environment Agency and Local Authorities reveal the following
information:

1.1.1 Records of historic IPC Authorisations within 500m of the study site:

Database searched and no data found.

1.1.2 Records of Part A(1) and IPPC Authorised Activities within 500m of the study site:

Database searched and no data found.

1.1.3 Records of Water Industry Referrals (potentially harmful discharges to the public sewer) within 500m of
the study site:

0
Database searched and no data found.
1.1.4 Records of Red List Discharge Consents (potentially harmful discharges to controlled waters) within
500m of the study site:
0
Database searched and no data found.
1.1.5 Records of List 1 Dangerous Substances Inventory Sites within 500m of the study site:
0

Database searched and no data found.

Report Reference: EMS-249370_335933
Client Reference: EMS_249370_335933
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1.1.6 Records of List 2 Dangerous Substance Inventory Sites within 500m of the study site:

0
Database searched and no data found.
1.1.7 Records of Part A(2) and Part B Activities and Enforcements within 500m of the study site:
0
Database searched and no data found.
1.1.8 Records of Category 3 or 4 Radioactive Substances Authorisations:
0
Database searched and no data found.
1.1.9 Records of Licensed Discharge Consents within 500m of the study site:
3

The following Licensed Discharge Consents records are represented as points on the Authorisations, Incidents

and Registers map:

ID Distance Direction NGR

Details

Address: Turners Hill Garage, North Street,
Turners Hill, West Sussex, RH10 4NP

Receiving Water: A Trib Of The River Medway
Status: New Consent (wra 91, S88 & Sched 10

1 3270 NE 533830 Effluent Type: Sewage Discharges - As Amended By Env Act 1995)
’ 136100 Final/treated Effluent - Not Water Company Issue date: 21/9/2007
Permit Number: P21531 Effective Date: 21/9/2007
Permit Version: 1 Revocation Date: -
Address: Turners Hill Garage, Turners Hill Receiving Water: Into Land
Garage, Turners Hill, Crawley West Sussex Status: Pre Nra Legislation Where Issue Date <
oA 3350 NE 533850 Effluent Type: Trade Discharges - Site Drainage 01-sep-89 (historic Only)
: 136080 (contam Surface Water, Not Waste Sit Issue date: -
Permit Number: P00280 Effective Date: -
Permit Version: 1 Revocation Date: -
Address: Turners Hlll Garage, Turners Hill Receiving Water: Into Land
Garage, Turners Hill, Crawley West Sussex .
- . . . Status: Varied Under Epr 2010
3A 3350 NE 533850 Effluent Type: Trade Discharges - Site Drainage lssue date: -
: 136080 (contam Surface Water, Not Waste Sit L
Effective Date: -

Permit Number: P00280
Permit Version: 2

Revocation Date: -

1.1.10 Records of Planning Hazardous Substance Consents and Enforcements within 500m of the study site:

Database searched and no data found.

Report Reference: EMS-249370_335933
Client Reference: EMS_249370_335933
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1.2 Dangerous or Hazardous Sites

Records of COMAH & NIHHS sites within 500m of the study site:

Database searched and no data found.

1.3 Environment Agency Recorded Pollution Incidents

1.3.1 Records of National Incidents Recording System, List 2 within 500m of the study site:

Database searched and no data found.

1.3.2 Records of National Incidents Recording System, List 1 within 500m of the study site:

0
Database searched and no data found.
1.4 Sites Determined as Contaminated Land under Part 2A EPA 1990
How many records of sites determined as contaminated land under Section 78R of the Environmental
Protection Act 1990 are there within 500m of the study site? 0

Database searched and no data found.

Report Reference: EMS-249370_335933
Client Reference: EMS_249370_335933
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2. Landfill and Other Waste Sites
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2.1 Landfill Sites

® Ground

2.1.1 Records from Environment Agency landfill data within 1000m of the study site:

Database searched and no data found.

2.1.2 Records of Environment Agency historic landfill sites within 1500m of the study site:

2. Landfill and Other Waste
” Sites

The following landfill records are represented as either points or polygons on the Landfill and Other Waste

Sites map:
ID Distance (m) Direction = NGR Details
Site Address: Rowfant Brickworks, Rowfant,
Crawley, West Sussex . .
Waste Licence: - L!cence Issue:
1 6130 NW 233000 gt - Reference: WD27/176, WSX77 Licence Surrendered:
136400 Licence Hold Address: -
Waste Type: - Operator-: -
Environmental Permitting Regulations P :
(Waste) Reference: -
Site Address: Burleigh Oaks Farm, East Street,
Turners Hill, Crawley, West Sussex
Waste Licence: Yes Licence Issue: 01-Jan-1976
5 9420 NE 534500 Site Reference: WSX79, WSX78, WD27/219, Licence Surrendered: 14-May-1987
’ 136400 WD13/81 Licence Hold Address: -
Waste Type: - Operator: -
Environmental Permitting Regulations
(Waste) Reference: -
Site Address: Rowfant Saw Mill, Wallage Lane,
Crawley, West Sussex . .
Waste Licence: - Licence Issue:
Not 991.0 N 533100 Site Reference: ) Licence Surrendered:
shown ’ 136800 ’ Licence Hold Address: -
Waste Type: - Operator-: -
Environmental Permitting Regulations P :
(Waste) Reference: -
Site Address: Prismo Universal, Wallage Lane,
Crawley.Down Licence Issue: 27-Mar-1979
Not 532700  /VasteLlicence:Yes Licence Surrendered: 22-Feb-1987
1149.0 NW Site Reference: WD27/175, 4/CJ/86 . i
shown 136800 Licence Hold Address: -
Waste Type: Inert Operator-: -
Environmental Permitting Regulations P :
(Waste) Reference: -
Site Address: Rowfant Saw Mill, Wallage Lane,
S&:gf{{g&t?jjex Licence Issue: 29-Aug-1978
Not 532800 . . Licence Surrendered: 28-Aug-1981
shown 1185.0 NwW 136900 Site Reference: WD27/238, WD13/5/20 Licence Hold Address: -

Report Reference: EMS-249370_335933
Client Reference: EMS_249370_335933

Waste Type: Inert
Environmental Permitting Regulations
(Waste) Reference: -

Operator: -
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2.1.3 Records of BGS/DoE non-operational landfill sites within 1500m of the study site:

0
Database searched and no data found.
2.1.4 Records of Local Authority landfill sites within 1500m of the study site:
0]
Database searched and no data found.
2.2 Other Waste Sites
2.2.1 Records of waste treatment, transfer or disposal sites within 500m of the study site:
0
Database searched and no data found.
2.2.2 Records of Environment Agency licensed waste sites within 1500m of the study site:
2

The following waste treatment, transfer or disposal sites records are represented as points on the Landfill and

Report Reference: EMS-249370_335933
Client Reference: EMS_249370_335933

(Waste) Licence Number: COX001

EPR reference: EA/EPR/LP3494HP/V002
Operator: Sean Patrick Cox

Waste Management licence No: 19584
Annual Tonnage: 260000.0

Other Waste Sites map:
ID Dls(‘;i;me Direction NGR Details
Site Address: Units 34, 35, 36 & 37 Rowfant
Business Centre, Wallage Lane, Rowfant, Issue Date: 06/03/2009
West Sussex, RH10 4NQ Effective Date: -
Type: HCI Waste TS + treatment Modified: -
Size: < 25000 tonnes Surrendered Date: -
,s\lhc;twn 795.0 NW iggggg Environmental Permitting Regulations Expiry Date: -
(Waste) Licence Number: MNH001 Cancelled Date: -
EPR reference: EA/EPR/CP3891SM/A001 Status: Issued
Operator: M N H Recycling Ltd Site Name: M N H Recycling Ltd
Waste Management licence No: 100690 Correspondence Address: -, -
Annual Tonnage: 4999.0
Site Address: Burleigh Oaks Farm, East
Street, Turners Hill, Crawley, West Sussex, Issue Date: 25/06/1997
RH104PZ -
Type: Household, Commercial & Industrial Effective Date: -
ype: ’ Modified: 16/01/2006
Waste T Stn Surrendered Date: -
Not 12580 NE 534710 Size: >= 75000 tonnes Expiry Date: - :
shown ’ 136420 Environmental Permitting Regulations piry ’

Cancelled Date: -

Status: Modified

Site Name: Burleigh Oaks Farm
Correspondence Address: -, -
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3. Current Land Use Map
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3. Current Land Uses

7
3.1 Current Industrial Data

Records of potentially contaminative industrial sites within 250m of the study site: 3

The following records are represented as points on the Current Land Uses map.

ID Dls(tr:;me Direction Company NGR Address Activity Category
1 12.0 E Pylon 533566 RH10 Electrical Features Infrastructure and Facilities
135918
2 124.0 W Pylon 533292 RH10 Electrical Features Infrastructure and Facilities
135756
533135 . .
3 218.0 NW Pylon 135667 RH10 Electrical Features Infrastructure and Facilities
3.2 Petrol and Fuel Sites
Records of petrol or fuel sites within 500m of the study site: 1
The following petrol or fuel site records provided by Catalist are represented as points on the Current Land Use
map:
ID Dls,(':z;\ce Direction NGR Company Address LPG Status
Turners Hill Garage Ltd,
533914 Turners Hill, Turners Hill, .
4 387.0 E 136065 Shell Crawley, West Sussex, Not Applicable Obsolete
RH10 4NP
3.3 Underground High Pressure Oil and Gas Pipelines
Records of high pressure underground pipelines within 500m of the study site: 0

Database searched and no data found.
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