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Project Background

Curtins has been appointed by Keyland Developments Ltd to prepare a site specific Flood Risk
Assessment (FRA) for the proposed redevelopment of the former North Bierley Waste Water Treatment
Works.

It is understood that this new mixed development (residential and commercial) will be constructed on

land occupied by the former Yorkshire Water sewage treatment facility.

The outcome of the study will be used to support an outline planning application in order to demonstrate
the current flood risk status and to ascertain that development of the site area will not increase flood risk

either to the site itself or others within the local drainage catchment.
Scope of Flood Risk and Drainage Strategy Study

The main aim of this study is to carry out desktop research to establish the flood and drainage
constraints of the proposed development site area. The current development proposal is for the
construction of both housing and commercial properties with associated access roads and public open

space. A new car park will also be provided close to the existing site entrance for the nearby school.

On this basis, the study will consider:-

e Primary flood risk from tidal and river sources

e Surface water flood risk

e Other secondary flood risks

e Surface Water disposal hierarchy

e Outline surface water drainage and outfall requirements
e Outline foul water drainage and discharge requirements

¢ Mitigation measures required to ensure the site is flood safe and does not increase flood risk to
others

In order to establish the flood risk and outline drainage strategy requirements Curtins have assessed

information available from the following Authorities/Bodies:-

e Lead Local Flood Authority (LLFA) — Kirklees M.D.C (WWTW site area)
e Lead Local Flood Authority (LLFA) — City of Bradford M.D.C. (School car park)
e Yorkshire Water (STW) — via the pre-development enquiry process

e The Environment Agency (EA)
In order to carry out the assessment the following data will be utilised:-

¢ Environment Agency online flood mapping

e Environment Agency detailed flood mapping (no flood levels available)

Rev 3 | Copyright © 2016 Curtins Consulting Ltd Page 1



60304-FRA-SB North Bierley WWTW Re-development

Flood Risk and Outline Drainage Strategy Study

¢ Site specific hydrological and hydraulic modelling of the Hunsworth Beck
¢ Yorkshire Water pre-development enquiry response and sewer mapping
o Site topographical, gpr and utility survey drawings

e Site geo-environmental Phase 1 and Phase 2 studies

3.0 Site Location, Current Use and Development Proposals

3.1 Site Location

3.1.1 The proposed application area is located at the intersection of the M62 and M606 motorways (junction
26), approximately 5.5 kilometres south of Bradford city centre in a local village area known as
Oakenshaw. The site is accessed from Cliff Hollins Lane to the north via Oakenshaw village

3.1.2 The following OS based mapping in figure 1 shows the approximated location of the application area.

Figure 1. Location Plan

Approximate proposed location shown outlined RED.
3.1.3 The northern boundary of the application area is formed by CIiff Hollins Lane and the existing site

access road.

3.1.4 The eastern boundary of the application area is generally formed by the watercourse known as the
Hunsworth Beck, although some of the application area does cross to the eastern banks (for precise

application outlines refer to Architects redline plan).

3.1.5 The southern boundary of the application area is formed by the landscaped embankments of the M62

Motorway.

3.1.6 The western boundary of the application area is formed by the landscaped embankments of the M606

motorway.
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3.2 Current Use

3.2.1  The former waste water treatment works (WWTW) facility upon the site has been decommissioned for
some time, with a new pumping station and transfer main in place to convey sewage onwards to a

treatment facility south of the M62 motorway.

3.2.2 Remaining areas of the application area are undeveloped greenfield land some of which is currently

farmed.

3.2.3 A GoogleEarth aerial photograph image is shown below in figure 2 showing the approximate area of
land being studied (outlined red). The existing site access road from Cliff Hollins Lane can be seen as
on the image, as well as the remaining filter beds and areas where demolition has taken place. The new
transfer pumping station is located to the north of these redundant filter beds, and the large diameter

transfer main runs along the eastern boundary adjacent to the Hunsworth Beck

Figure 2. Aerial Photograph

Approximate proposed application area shown outlined RED
3.2.4 The site has an overall area of 23 Hectares (57 Acres). This excludes the area of the proposed school
car parking area to the north of the site access close to the junction of Mill Car Hill Road and Cliff Hollins

Lane.
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Development Proposals

Development proposals for the site consist of both commercial and residential development. The
residential area is proposed to be located to the north western section with the proposed commercial

areas occupying the central and southern areas of the application area.

The existing sewage transfer station and pipework will remain in place but all other remaining structures
such as buildings and filter beds associated with the former WWTW will be demolished and removed to

allow construction of the new development.

A new access road will be formed into the site off Cliff Hollins Lane to service both the new residential

and commercial development areas.
A new car park will be provided on land to the north for the adjacent school.

New foul and surface water drainage facilities will be provided to service the development. Areas of the
new landscaping within the development will be needed to provide SuDs features for the new surface

water drainage system.

The development proposals are shown upon the architect's plans forming part of the planning
submission documents as well as the outline drainage strategy drawing contained within the Appendix

of this report.

On the basis of the proposed development and overall site area, the following sections of this report
consider both flood risk and drainage strategy in compliance with the NPPF requirements in order to

support a planning application.
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4.0 Flood Risk

4.1 Flood Risk - National Planning Policy Framework (NPPF)

411 In March 2012 the Department of Communities and Local Government superseded PPS 25 with the
NPPF. A technical guidance report is provided covering flood risk and minerals policy. The NPPF has

been revised as of April 2015 to promote the use of SuDs drainage within schemes.

41.2 The NPPF sets out inappropriate development in areas at risk of flooding be avoided by directing
development away from areas at highest risk, but where development is necessary, making it safe

without increasing flood risk elsewhere. For these purposes:-

e areas at risk of flooding’ means land within flood zones 2 and 3; or land within flood zone 1
which has critical drainage problems and which has been notified to the local planning authority
by the Environment Agency

e ‘flood risk’ means risk from all sources of flooding — including from rivers and the sea, directly
from rainfall on the ground surface and rising ground water, overwhelmed sewers and drainage

systems, and from reservoirs, canals and lakes and other artificial sources.

4.1.3 The Sequential and Exception Test - The aim of the Sequential Test is to steer new development to
areas with the lowest probability of flooding. The flood zones are the starting point for the sequential
approach. These flood zones refer to the probability of sea and river flooding only, ignoring the

presence of existing defences.

414 Strategic Flood Risk Assessments (SFRA) refine information on the probability of flooding, taking
sources of flooding and the impacts of climate change into account. These provide the basis for
applying the Sequential Test on the basis of the flood zones in table 1. Where table 1 indicates the need
to apply the Exception test, the scope of the SFRA will be widened to consider the impact of the flood
risk management infrastructure on the frequency, impact, speed of onset, depth and velocity of flooding
within flood zones considering a range of flood risk management maintenance scenarios. Where a

SFRA is not available, the Sequential Test will be based on the Environment Agency flood zones.

4.1.5 The overall aim should be to steer new development to Flood Zone 1. Where there are no reasonably
available sites in Flood Zone 1, local planning authorities allocating land in local plans or determining
planning applications for development at any particular location should take into account the flood risk
vulnerability of land uses (see table 2) and consider reasonably available sites in Flood Zone 2, applying
the Exception Test if required (see table 3). Only where there are no reasonably available sites in Flood
Zones 1 and 2 should the suitability of sites in Flood Zone 3 be considered, taking into account the flood

risk vulnerability of land uses and applying the Exception test if required.
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Table 1 Flood Zones

(NOTE: these flood zones refer to the probability of river and sea flooding ignoring the presence of defences)

Zone 1 Low Probability

Definition

This zone comprises land assessed as having a less than 1 in 1000 annual probability of river or sea flooding
(<0.1%)

Appropriate Uses

All uses of land are appropriate in this zone

Zone 2 Medium Probability

Definition

This zone comprises land assessed as having between a 1 in 100 and 1 in 1000 annual probability of river flooding
(1% - 0.1%) or between a 1 in 200 and 1 in 1000 annual probability of sea flooding (0.5% - 01%) in any year.

Appropriate uses

Essential infrastructure and the water-compatible, less vulnerable and more vulnerable uses of land as set out in
table 2, are appropriate in this zone. The highly vulnerable uses are only appropriate in this zone if the Exception
Test is passed.

Zone 3a High Probability

Definition

This zone comprises land assessed as having a 1 in 100 or greater annual probability of river flooding (>1%) or a 1
in 200 or greater annual probability of flooding from the sea (>0.5%) in any year

Appropriate uses

The water compatible and less vulnerable uses of land (table 2) are appropriate in this zone. The highly vulnerable
uses should not be permitted in this zone.

The more vulnerable uses and essential infrastructure should only be permitted in this zone if the Exception Test is
passed. Essential infrastructure permitted in this zone should be designed and constructed to remain operational
and safe for users in times of flood.

Zone 3b The Functional Flood Plain
Definition
This zone comprises land where water has to flow or be stored in times of flood.

Local planning authorities should identify in their SFRA areas of functional flood plain and its boundaries
accordingly, in agreement with the Environment Agency. The identification of functional flood plain should take
account of local circumstances and not be defined solely on rigid probability parameters. But land which would flood
with an annual probability of 1 in 20 (5%) or greater in any year, or is designed to flood in an extreme (0.1%) flood
should provide a starting point for consideration and discussion to identify functional flood plain.

Appropriate uses
Only the water-compatible uses and essential infrastructure listed in table 2 that has to be there should be
permitted in this zone. It should be designed and constructed to:

o remain operational and safe for users in times of flood

. result in no net loss of flood plain storage

. not impede water flows, and

. not increase flood risk elsewhere

Essential infrastructure in this zone should not pass the Exception Test.
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Table 2 Flood Risk Vulnerability Classification

Essential Infrastructure

Essential transport infrastructure (including mass evacuation routes) which has to cross the area at risk.
Essential utility infrastructure which has to be located in a flood risk area for operational reasons, including
electricity generating power stations and grid and primary substations; and water treatment works that
need to remain operational in times of flood.

Wind turbines.

Highly Vulnerable

Police stations, Ambulance stations and Fire stations and command centres and telecommunications
required during flooding.

Emergency dispersal points.

Basement dwellings,

caravans, mobile homes and park homes intended for permanent residence.

Installations requiring hazardous substance consent.

More Vulnerable

Hospitals.

Residential institutions such as residential care homes, children’s homes, social services homes, prisons
and hostels.

Buildings used for: dwelling houses; student halls of residence; drinking establishments;
nightclubs; and hotels.

Non-residential uses for health services, nurseries and educational establishments.

Landfill and sites used for waste management facilities for hazardous waste

Sites used for holiday or short-let caravans and camping, subject to a specific warning and evacuation
plan.

Less Vulnerable

Police, ambulance and fire stations which are not required to be operational during flooding.

Buildings used for: shops; financial, professional and other services; restaurants and cafes; hot
food takeaways; offices; general industry; storage and distribution; non-residential institutions not
included in ‘more vulnerable’; and assembly and leisure.

Land and buildings used for agriculture and forestry.

Waste treatment (except landfill and hazardous waste facilities).

Minerals working and processing (except for sand and gravel working).

Water treatment works which do not need to remain operational during times of flood.

Sewage treatment works (if adequate measures to control pollution and manage sewage during flooding
events are in place).

Water-Compatible Development

Flood control infrastructure.

Water transmission infrastructure and pumping stations.

Sewage transmission infrastructure and pumping stations.

Sand and gravel workings.

Docks, marinas and wharves.

Navigation facilities.

MOD defence installations.

Ship building, repairing and dismantling, dockside fish processing and refrigeration and compatible
activities requiring a waterside location.

Water-based recreation (excluding sleeping accommodation).

Lifeguard and coastguard stations.

Amenity open space, nature conservation and biodiversity, outdoor sports and recreation and essential
facilities such as changing rooms.

Essential ancillary sleeping or residential accommodation for staff required by uses in this category,
subject to specific warning and evacuation plan.
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41.7

Table 3 Flood Risk Vulnerability and Flood Zone ‘Compatibility’

Flood Risk Water Highly More Less
Vulngrabll_lty Essential Infrastructure compatible Vulnerable Vulnerable Vulnerable
classification

Zone 1 v v v v v
Exception Test
g Zone 2 v v Required v v
N
8
e} Exception Test Exception
- Zone 3a Required v X Test Required v
Zone 3b Functional Exception Test N X M M
Floodplain Required

Vv Development is appropriate x Development should not be permitted

A site specific flood risk assessment is carried out by, or on behalf of, a developer to assess the risk to a
development site and demonstrate how flood risk from all sources will be managed, and taking climate
change into account. There should be iteration between the different levels of flood risk assessment, for

example the site specific FRA and the local Strategic Flood Risk Assessment (SFRA).

Initial observation of the flood mapping with respect to Table 1 suggest that although most of the
application area is located in a low risk Zone 1 area, some areas of the site directly adjacent to the
Hunsworth Beck fall within the high risk Zone 3 with an intrusion of Zone 2 medium risk into the site

around the area of former circular filtration tanks.
From Table 2 it can be assumed that the proposed site is considered as both: -

e More Vulnerable - Buildings used for: dwelling houses; student halls of residence; drinking

establishments; nightclubs; and hotels.

e Less Vulnerable - Buildings used for: shops; financial, professional and other services;
restaurants and cafes; hot food takeaways; offices; general industry; storage and distribution;

non-residential institutions not included in ‘more vulnerable’; and assembly and leisure.

With the encroachment of Zone 2 and Zone 3 High Risk areas into the western edges of the proposed
site potentially triggering Sequential Test and Exception Test requirements, the need for passing these
tests and the evidence required is considered further, after the following detailed flood risk zone

assessment.
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4.2 Flood Risk — Environment Agency Online Flood Data

4.2.1 To assess the NPPF flood risk classification for the site area the first step is to inspect the Environment

Agency web based flood mapping data.

4.2.2 An extract of this mapping to be used for planning purposes is shown in Figure 3 below which identifies

risk of flooding from rivers and sea.

Figure 3. Extract of Environment Agency Flood Map for Planning (Risk of Flooding From River and Sea)

Approximate site extents shown outlined RED.

4.2.3 It can be seen from this mapping that the application area (shown outlined red) has the Hunsworth Beck
either adjacent or within the redline area of the site. The high risk Zone 3 typically follows the route of
the watercourse, although an intrusion of Zone 2 occurs around the area of the former settlement tanks.
There is also Zone 3 high risk identified around the proposed school car park area at the confluence of
High Royds Beck and Low Moor Beck which then forms Hunsworth Beck (shown in more detail on
Environment Agency’s detailed flood mapping). No risk is identified from the Cockleshaw Beck to the
north east, the un-named beck from Oakenshaw and the Sudgen (and Stubs Beck just of the plan) to

the south west.

4.2.4 On the basis that there are areas of Zone 3 identified within the redline area, the NPPF requires that
that Sequential Testing evidence will be provided. Other supporting documents within the planning

submission are considered to provide this evidence.
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On the assumption that the Sequential Test evidence is satisfactorily demonstrated it will also be

necessary to pass the Exception Test.

In order to establish the level of flood risk in more detail, in the first instance Product 4 information and a

licence for usage was requested from the Environment Agency. This is considered further below.

Flood Risk — Environment Agency Product 4 Detailed Flood Risk Mapping

Product 4 flood mapping (and user licence) was obtained from the Environment Agency on the 16 of
April 2014. An extract of this mapping is contained within the Appendix of this report. It was confirmed

by the Environment Agency on issue of the mapping that they had no supporting modelled flood levels.

It can be seen from the detailed mapping that the flood outlines of both Zone 2 and Zone 3 concur with
that shown on the online maps, with the only difference being the flood outline edges being slightly more
defined.

As noted previously, the Zone 3 outline generally follows the channel of the Hunsworth Beck and the

incoming Low Moor Beck and High Royds Beck to the north.

At this stage of the assessment it should be noted that it would appear that the mapping does not take
into consideration the transfer main structure that has taken place along the western edge of the
Hunsworth Beck within the former treatment works site as part of the decommissioning process. This

area is defined on the topographical survey contained within the appendix of this report.

Ground profiling for the proposed development units will not be able to encroach into the area of the
transfer main and as such the plateauing will have to commence from the security fence around this
area. This may well result in most, if not all of the developable areas, being outside of the areas of the

high risk Zone 3 flood encroachment.

In order to understand this further an image of the Environment Agency flood mapping has been
overlaid onto the site masterplan. An extract is contained within Appendix B of this report. It can be

seen that Unit 4 may be at risk based on the Environment Agency flood mapping.

This accuracy of the Environment Agency mapping is considered in more detail in Section 4.7.

Flood Risk — Environment Agency Surface Water Flood Risk Mapping

In January 2014 the Environment Agency published additional flood risk mapping on their website to
compliment the Planning Maps (River and Tidal Zoning) with the primary one being surface water flood
risk mapping which is generally a conglomeration of risks identified by SFRA modelling and information
supplied by the local Sewage Undertaker (Yorkshire Water in this case). Other mapping includes risk

from reservoir flooding as well as identifying areas where flood warnings and alerts are given.

An extract of the surface water flood risk mapping follows in Figure 4)
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Figure 4. Extract of Environment Agency Flood Mapping Risk of Flooding From Surface Water

Approximate application area shown outlined RED.
4.4.3 It can be seen from this mapping that there is potentially more risk associated with surface water flood
than there is identified on the ‘planning river and tidal flood risk’ map. The site area can now be seen to

have areas of risk within it associated by the eastern and western Becks:-

Upper tributaries to Hunsworth Beck (Low Moor Beck and High Royds Beck)

Where the Low Moor Beck and High Royds Beck combine to form the Hunsworth Beck, a widespread
area of risk is shown to the low lying land to the eastern and western banks of the beck.
Cockleshaw Beck

An area of low risk is identified to the east on the line of the incoming Cockleshaw Beck. There is also
an area directly opposite to the west but this is considered to be as a result of the existing road ways
within the decommissioned works.

Un-named Beck from Oakenshaw

This watercourse is known to run in culvert below the M606 motorway. After a short section of open
channel, the watercourse is further culverted southwards past the linear settlement tanks and then
eastwards through to an outfall into the Hunsworth Beck. This line of risk identified for the watercourse
merges into a large areas of risk within the site generally around the southern area of the site.

Sugden and Stubs Becks

Unlike the Planning River and Tidal risk map, the surface water risk map shows potential risk from the
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Sugden and Stubs Beck. Although the becks are at the southernmost limits of the site and are believed
to be culverted below the M62/M606 Junction 26 Roundabout, the mapping would suggest that there is
risk that overland flooding will occur around the Junction 26 roundabout which subsequently back flows
northwards into the site. Observation of levels on the topographical survey and elevations around the
roundabout from GoogleEarth would suggest this may be possible subject to major volumes of flood
waters entering the roundabout carriageway. The flood waters are typically looking for the lowest areas
of land to flow by gravity towards the Hunsworth Beck.

4.4.4 It should also be noted that the motorway roundabout junction is undergoing major improvement works.
As the works involve widening of the carriageway it is assumed drainage is improved and thus there
being a likely improvement in control of flood routing along the watercourses natural route and not off

into adjoining land.

445 Methods of mitigating this risk if this risk remains on completion of the highway improvements are
considered later in this report.

4.5 Flood Risk — Environment Agency Risk of Flooding from Reservoirs Mapping

4.5.1 An extract of the Environment Agency’s web based risk maps for reservoir flooding is shown below in
figure 5.

Figure 5. Extract of Environment Agency Flood Mapping Risk of Flooding From Reservoirs

Approximate application area shown outlined RED.
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4.5.2 The areas identified at risk can be seen to follow the general line of the Hunsworth Beck. Interrogation
of the mapping shows that the risk is related to two reservoirs, located at the northern reaches of the
Low Moor Beck. These are the Park Dam and Harold Park reservoirs. Both are under the control of
Bradford Council and are thus considered to be maintained to a high standard and therefore present a
low risk to the proposed development.

4.6 Flood Risk — Environment Agency Flood Warning and Alert Areas

4.6.1  An extract of the Environment Agency’s web based flood warning and flood alert areas follows below in
figure 6.

Figure 6. Extract of Environment Agency Flood Mapping — Flood Warning and Alert Areas

Approximate application area shown outlined RED.
4.6.2 The length of Hunsworth Beck through the site is shaded to denote that flood alerts are available. It is not

until south of the M62 where the watercourse is classified as a main river, that flood warnings are given.

4.6.3 On the basis that there will be extensive ground modelling to form the level plateaus for the proposed
development set at flood safe levels, it is envisaged that it will not be necessary for occupiers to
necessarily link into the flood alert system on the basis that finished floor levels will be set to be flood safe,
although it may be considered by those directly adjacent to the Beck in order to be aware of when there is

potential risk of flooding to external yard and parking areas.
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4.75

Lead Local Flood Authority (LLFA) & Strategic Flood Risk Assessment (SFRA).

Consultation has been held with both Kirklees and Bradford Councils under their new role as Lead Local
Flood Authority (as of April 2015). As the Hunsworth Beck running through the site is not classified as a
main river at this point, the Environment Agency have confirmed that the LLFA’s will be the main

consutlees with regard to flood and drainage matters within the planning process.

Strategic Flood Risk Assessments (SFRA’s) are in place for the Hunsworth Beck and its tributary
watercourses. The main former WWTW site, falls within the Calder Valley SFRA jointly commissioned
by Kirklees Council and its neighbouring authorities. The proposed car park opposite the school falls
just outside of Kirklees Councils control and SFRA, falling under the jurisdiction of Bradford City Council

and their supporting SFRA.

The flood mapping within the SFRA’s has been reviewed and can be confirmed to concur with that of

the Environment Agency’s mapping available both on line and via the Product 4 information provided.

As noted in Section 4.3 the Product 4 information supplied by the Environment Agency does not contain
any modelled flood levels which has subsequently been confirmed as being unavailable, albeit it does
raise a question as to how the precise flood outlines were generated. A similar question has been asked
of Kirklees as to whether any modelled levels were used within the preparation of the SFRA. Again this
has been confirmed as negative with detailed information only available for sections of the watercourse

further south with ‘main river’ status.

Liaison has taken place with both LLFA’s.:-

City of Bradford Metropolitan District Council LLFA

CBMDC’s LLFA officer has advised that they have no particular interest in the car park in terms of flood
risk other than they would require a SuDs approach to the drainage to ensure no increase in flood risk

to the site or others.

Kirklees Council LLFA

Extensive dialogue has taken place with Kirklees Councils LLFA officer after an initial enquiry was made
to the Environment Agency’s flood risk team, which confirmed that as the main river status of the
Hunsworth Beck does not extend north of the M62 motorway that planning application flood matters lie
sole with the LLFA.

This has confirmed that no detailed flood level information is available and the only way of determining
this in detail given the proposed extensive ground re-profiling works would be to run pre and post

development hydraulic models of the Hunsworth Beck.

The scope for this has been agreed with the LLFA officer, and survey works of the beck channel and

features such as the M62 culvert have been completed to allow a modelling exercise to be carried out.
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4.8.5

4.8.6

4.8.7

4.8.9

The LLFA officer also advised that consideration should be given to re-naturalising the channel of the
beck (e.g. removing any man made features where possible) and daylighting any culverts (such as the

one currently diverting the watercourse from Oakenshaw around the former settiement tanks)
It was also advised that surface water drainage run off should replicate the original Greenfield rate.

On this basis a hydrological modelling exercise has been commissioned for the Hunsworth Beck and its

feeder tributaries to ascertain the site specific flood outlines and levels.
Site specific hydrological Flood Modelling

Curtins have employed the services of Flood Risk Consultancy Ltd (FRC) to carry out a hydrological
and hydraulic modelling of the Hunsworth Beck through the main site area to gain a more accurate
understanding of the potential flood outlines and levels. The documents and flood mapping outcomes of

the assessment is contained in Appendix C

The assessment has been scoped in liaison with the LLFA and takes into consideration features along
the watercourse such as weirs and bridges together with the risks of increased flood levels due to partial

blockages associated with such features.

A ‘worst case’ 100 and 1000 year events flood outline map is provided as the conclusion of the
assessment based on modelled flood levels and actual recorded ground and river channel levels for the

topographical survey.

The modelled flood outlines can be seen not to follow those as shown on the Environment Agency
Product 4 mapping, and as anticipated, stay within the deep channel of the Beck through the main area

of the WWTW with no spill out to the areas of the circular settlement tanks.

As the modelling takes into consideration various part blockage scenarios, areas of flood risk breaking
out of the watercourse channel are mapped both to the north and south of the site. The area to the north
is as a result of the low lying farm land at this point and the southern area due to the restrictions

generated by the modelled blockage scenarios at the M62 Motorway culvert inlet.

On this basis with the modelling showing extreme flood flows retained ‘within channel’ for the main
reach through the site, it is regarded that the proposed development areas that sit close to the
watercourse will remain flood safe, particularly when considered that the plateaus will be formed from

the fence line of the WWTW pipework area.

The existing access road is slightly overtopped (approx. 130mm) by the northern flood area, but it
should be noted that this access road is realigned to the west forming the access to the residential area,

thus avoiding the flood outline.

Furthermore, as the flood outline generally remains ‘in channel’, it can be considered that in raising

ground levels in areas to form plot plateaus, that there will be no loss of flood storage area.
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4.10.1

4.10.2

Secondary Flood Risks

It is an important part of a flood risk assessment to consider any other secondary flood risks not

assessed in the preceding paragraphs.

Surface water flooding from the new drainage system can present risk. This can be mitigated by design
to modern standards (Sewers for Adoption and Building Regulations) and will ensure the development
of the site does not increase flood risk either to itself or others. Outline proposal are considered in the

following outline drainage strategy section of this report.

Ground water can present a flood risk both in terms of high ground water when basements are present
but also in terms of springs creating flows of water at surface level. A review of the available Phase 2
Geo-environmental study has been carried out by Wardell Armstrong and no potential ground water
issues have been identified. As the works involve extensive plateauing for the industrial plots, suitable
land drainage features will need to be considered at detail design stage particularly around

embankments.

Surface water run of from adjacent area can be another secondary flood risk issue. This has been
considered in the preceding section regarding surface water flood risk, with the main risk being
identified as flooding entering the site from the motorway junction roundabout. Suitable mitigation
measures such as protective bunding at the site edge or forming ground levels to route any overland

flows away from buildings and towards the beck can be considered at detail design stage.

Flooding from existing sewers and culverts can also present secondary flood risk. The transfer main
installed following the decommissioning of the treatment works is very complex facility with a large
pumping station and above ground pipework which includes river overflows at critical points along its
route adjacent to the Hunsworth Beck. The system is an asset of Yorkshire Water (not a public sewer)
and is maintained accordingly, so although constantly transferring a large volume of sewage which

could potentially cause serious flooding, can be considered to present a low risk to the development.

Primary Flood Risk Summary and Mitigation Recommendations

The preceding sections have assessed flood risk from all potential sources, and with the aid of detailed
hydrological and hydraulic modelling of the Hunsworth Beck through the main site area has determined
that some areas of the site in its current state (i.e. a decommissioned waste water treatment works with
transfer facility) are potentially at risk from primary and surface water flooding during extreme weather

events.

These risks will require mitigation to ensure the proposed development remains flood safe and does not

increase flood risk to other either upstream or downstream. These can be summed up as:-

a) River flooding during the 100 year event (Zone 3) from the Hunsworth Beck, generally confined to

within the watercourses bank edges of which a large percentage falls within the fenced off area of
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the transfer pipework. Some out of bank areas are identified by the modelling exercise. There is also
a slightly greater risk of intrusion into the site area during a 1000 year event (Zone2)

b) Risk from surface water flooding from watercourses running from west of the M606 (unnamed
watercourse form Oakenshaw and Sugden/Stubs Becks), albeit this appears to be as a result of the

M62/M606 roundabout junction acting as a conveyance route.

4.10.3 The new car park for the school is not considered in this assessment as a car park is not a sensitive use
and is permitted to flood. The parking area does generally fit between the flood outlines of the adjacent
becks and finished paving levels will be set at a similar level to the adjoining road for access purposes

so will be well above the peak flood levels.

4.10.4 It is proposed the following should be considered within the detail design to provide mitigation to the

assessed risks:-

a) River Flooding from Hunsworth Beck

i. Ensure all residential and commercial buildings and their servicing access roads are placed
outside of the 100 year flood outlines determined by the FRC model.

i. Ensure the proposed development ground model for the new commercial building plateaus
adjacent to the Hunsworth Beck will not affect the river profile or the storage provided within the
areas to the north and south shown to be within the FRC modelled 100 year flood extents.

b) Consider options for re-naturalising the Hunsworth Beck channel profile including removing any
weirs and redundant footbridges which may present risk of debris build up/blockages

c) Opening up sections of the existing culverted section of Oakenshaw watercourse and routing
through the development to ensure that any surface water flooding is contained to parking or
landscaped areas at a safe shallow depth

d) Providing suitable earthwork bunding and/or cut off channels to the southern end of the site to
ensure that should any surface water flooding which may route from the M62/M606 junction
roundabout is contained and directed towards the Hunsworth Beck and away from developed areas.

e) Providing land drains to all embankments to ensure surface water run off from landscaped areas is
suitably contained and routed to the Hunsworth Beck and not into the proposed new adoptable

drainage system.

4.10.5 In consideration of these risks identified in 4.92 and in following the guidance of 4.93 above the site can
be considered to be easily mitigated against the risks, providing a flood safe development that will not

increase flood risk to others.

4.10.6 The following section considers drainage strategy to also demonstrate that in developing the former
waste water treatment works that the new drainage systems will not increase flood risk either to the site

or others.
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5.0 Surface Water Drainage Impact Assessment

5.1 SuDs Surface Water Disposal Hierarchy

5.1.1 The NPPF and Building Regulations is specific on hierarchy for the disposal of surface water sewer from
both new (Greenfield) and re-development (Brownfield) sites. Where ground conditions permit disposal
should be via infiltration to the ground. Should this not be viable, disposal should be to a watercourse or

waterbody, and as a last resort to a sewer.

5.1.2 The Wardell Armstrong phase 2 geo-environmental investigation suggests the use of infiltration to be
limited. Soakage tests to the west, north and south were completely negative. Two positive BRE365
tests (e.g. f > 1 x 10-°m/s) were achieved close to the Hunsworth Beck in TP101 and TP103 although in
consideration this was as a likely result of the proximity to the watercourse. The southern areas of the
site are also recorded to have extensive mining history with shafts recorded. On this basis, it is
considered that infiltration as an overall Section 104 Water Industry Act adoptable drainage strategy is
not viable, although potential may exist for some localised features such as embankment toe drains. It is
therefore proposed that the receptor for surface water disposal from the sites main drainage system will
be the Hunsworth Beck.

5.1.3 Liaison with the LLFA (Kirklees Councils) has established that in terms of surface water drainage
assessment and in line with April 2015 SuDs updates to the NPPF, that run off from the site must
replicate the original pre-development run off rate. Therefore the proposed development area will be
assessed at greenfield run off rates. Bradford Councils LLFA officer also advised that the proposed

school car park area should utilise SuDs and discharge at greenfield rates.

5.2 Catchment Analysis

5.2.1 Development proposals for the former WWTW site include both commercial ‘shed’ type units and
associated service yards with an area designated for residential development to the north west of the

application area.

5.2.2 Although it is considered that the proposed residential development will generally follow existing ground
levels, it will be necessary to carry out major ‘cut and fill' earthworks to form the level plateaus for the
commercial units. As a result, earth embankments will be formed between the varying plateaus and also
at the interface with undeveloped surrounding ground levels. These slopes will need drainage to ensure
run off does not present a flood risk, but as this is usually considered as land drainage by the adopting
sewer authority (Yorkshire Water) it should be prevented from entering the main adoptable drainage

network. It is proposed that embankment drainage of slopes falling from undeveloped land is collected
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by a land drainage system and discharged directly to the watercourses, thus replicating the pre-

development run off scenario.

5.2.3 On the basis of the above the catchment area and therefore the area used to calculate greenfield run off
from the commercial and residential areas will be only that of the actual areas where buildings, roads
and SuDs features are to be placed. All other external landscaped areas will continue to drain via land

drainage to the Hunsworth and Oakenshaw Becks.

5.2.4 A catchment area plan is included within the appendix of this report. Areas measured are as follows:-

Residential 4.70Ha 47,000m2
Commercial 8.50Ha 85,000m2
School Car Park 0.12Ha 1,220m2

5.3 Greenfield Run-off Rate Methodology

5.3.1 Typically to assess the allowable greenfield run off rate (Qbar) for the three site areas, Microdrainage
‘Source Control’ software would been utilised, using the ICPSuds method as the areas are below 50

Hectares.

5.3.2 Discussions with the LLFA officer at Kirklees Council has confirmed that their current guidance is that a
standard run off rate of 5 litres/second/hectare (I/s/ha) should be used across the district based on the

drained areas of the site. A similar rate is considered appropriate by Bradford Councils LLFA.
5.4 Proposed Greenfield Run-off Rate(s)

5.4.1 A copy of the Architects masterplan has been overlaid with catchment outlines broken down into the
main commercial area, the residential area and the school car park and the areas measured. A copy of
this drawing 60314-D100 is contained within Appendix D.

5.4.2 The measures areas included areas of the open attenuation basins as these are upstream of the flow

control device and thus provide an area for catchment of rainfall.

5.4.3 Using the Kirklees standard 5 I/s/ha, the estimated greenfield run off rates (Qbar) for each area are as

table below:-
Catchment Reference | Approx Area (m2) Area (Ha) Qbar Calculation Qbar
Commercial Area 85,000 8.50 8.50Ha x 5 I/s/Ha 42.51/s
Residential Area 47,000 4.70 4.70Ha x 5 I/s/Ha 23.51/s
School Car Park 1,220 0.12 0.12Ha x 5 I/s/Ha 0.6 2I/s***

***Assumes a minimum flow of 2 I/s using a Controflow flow control device
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5.5 Proposed Discharge Points

5.5.1 It is proposed that drainage will be split into three specific areas consisting of the commercial area,
residential area and school car park, all with their own individual discharge points to the Hunsworth
Beck.

5.5.2 Survey work carried out on behalf of the client has identified two drains which can potentially be utilised

as below:-

e The first is the piped length of Oakenshaw watercourse. It is proposed to ‘daylight’ this culvert and
divert through the new commercial area, but maintain its confluence with the Hunsworth Beck. It is
proposed that surface water from the commercial site will discharge to this diverted section of
watercourse on the basis that at the lower end of the site, the WWTW transfer pipe land sits

between the site boundary and main watercourse channel. .

The overall area of this part of the site is approximately 8.50 hectares. Assuming 95%
impermeable area, this gives a proposed catchment area of approximately 8.1 hectares with an

allowable discharge rate of 42.5 litres a second.

e The second close to the former entrance to the works, which runs across the adjacent field to the
Hunsworth Beck currently providing drainage to the access road running southwards from Cliff

Hollins Lane. It is proposed this is utilised to drain surface water from the residential area.

The overall area of this part of the site is approximately 4.70 hectares. Assuming 65%
impermeable area, this gives a proposed catchment area of approximately 3.1 hectares with an

allowable discharge rate of 23.5 litres a second.

A copy of the survey is contained in the appendix, and both drains are marked upon the drainage

strategy drawings.

5.5.3 ltis proposed that the new school car park will have a small diameter piped outfall direct to the adjacent

watercourse.

The overall area of the car park is approximately 0.122 hectares. Assuming 100% impermeable
area, this gives a proposed catchment area of approximately 0.122 hectares with an allowable

discharge rate of 2 litres a second (based on minimum achievable flow control orifice diameter).

5.6 Typical Attenuation Requirements

5.6.1 In order to establish approximate attenuation volumes for outline design purposes Microdrainage ‘Quick
Storage Estimate’ has been used based on the calculated greenfield run off rates for the worst case

scenario of a 100 year return period extreme event with 30% climate change allowance.
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Figure 8. Microdrainage Quick Storage Estimate Attenuation Assessment — Commercial Area

Figure 9. Microdrainage Quick Storage Estimate Attenuation Assessment — Residential Area

Figure 10. Microdrainage Quick Storage Estimate Attenuation Assessment — School Car Park
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5.6.2 Using a typical rule of thumb guide of midway between the upper and lower limits it is anticipated that

attenuation volume requirements will be as tabled below:

Catchment Reference Lower . Upper . Typical 100y!'+CC A;tenuatlon
Volume (m°) Volume (m°) volume required (m?)
Commercial Area 5084 7385 (5084 + 7385) /2 = 6235
Residential Area 1709 2532 (1709 + 2532) / 2 = 2125
School Car Park 51 78 (51+78)/2=64.5

5.6.3 With the intention that all main drainage within the commercial and residential areas will be adopted by
Yorkshire Water under a Section 104 agreement of the Water Industry Act, current Sewers for Adoption
practice is to store at least the 30 year storm volume below ground with the exceedance up to 100 year
storm events contained in depressions within the site that do not present flood risk. With the current
LLFA push towards a greater use of SuDs within development drainage schemes, for the purpose of the
outline derange strategy all attenuation volume is shown as open balancing features (e.g. landscaped

depressions) at approximately 2 metres maximum depth.

5.6.4 Site drainage for the residential and commercial site area will consist of separate foul and surface water
systems designed, constructed and adopted in accordance with Sewers for Adoption and Building

Regulations.

5.6.5 The volume of attenuation required for the car park will be provide within the 30% void ration sub-base
of the permeable paving system. Assuming the full area of the car park is constructed in permeable
paving with an area of 1220m? and an approximate sub-base depth of 300mm the attenuation volume
provided will be approximately 1220m2 x 0.3m dp x 0.3 void ratio = 110m? therefore greater than
64.5m3. This gives the opportunity to reduce permeable construction by utilising permeable construction

for the parking bays only with impermeable hunting lanes or vice versa.
5.7 SuDs Features

5.7.1 In order to incorporate SuDs into the system in accordance with NPPF April 2015 update requirements
dry attenuation basins are proposed within the site as the primary storage feature. Some storage
volume will be achieved within the main pipe runs, which will be adopted by Yorkshire Water under a

Section 104 Water Industry Act agreement.

5.7.2 The drainage systems to the commercial and residential area will require detailed design in accordance

with Sewers for Adoption to Yorkshire Waters technical approval.

5.7.3 Prior to April 2015 the 30 year plus climate change events, typically would be contained within oversized

attenuation pipework and events in excess of this up to the 100 year plus climate change allowed to
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surcharge out of the system and to fill the landscaped attenuation basin. With the greater emphasis on
SuDs post April 2015, for the purpose of this outline drainage strategy it is assumed the bulk of
attenuation for both residential and commercial areas will be provided in dry landscaped attenuation
basins. Whether these are adopted by Yorkshire Water or maintained by a contracted Facilities
Management company will have to be confirmed at detail design stage depending on what SuDs

adoption procedures are in place at the time.

5.7.4 Where site levels are plateaued to from large level areas for the commercial plots, this will result in large
embankments sloping from or to existing ground level. Large steeply sloping embankments are likely to
require some form of land drainage typically at the toe of the slope. These land drainage systems will
not be able to enter the publicly adoptable drainage system. Consideration on how this drainage can be

connected and discharged to the Hunsworth Beck is shown within the outline drainage proposals

5.7.5 An outline drainage scheme drawing is contained within the appendix of this report.
5.8 Surface Water Drainage Assessment Conclusion

5.8.1 On the basis that the drainage system will be designed at detail design stage in accordance with
Sewers for Adoption and Building Regulations with on site attenuation and an offsite discharge to the
existing Hunsworth Beck watercourse mimicking the pre WWTW construction greenfield run off
scenarios, it can be considered that in developing and draining the site, as well as building the school
car park, that there will be no increase in flood risk either to the site itself or others within the local

catchment.
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6.0 Foul Water Drainage Impact Assessment

6.1  Existing Foul Water Catchment

6.1.1 The WWTW was decommissioned in recent years. Incoming public sewer flows from the north are
piped by public sewer from CIliff Hollins Lane towards a reception chamber in the north west corner of
the current boundary. From this structure a large diameter transfer pipe conveys all the incoming
sewerage to the east along the western bank of the Hunsworth Beck. To the south another new
structure with overflow to the river, drops the flows into a syphonic system which conveys the flows
below the M62 motorway and onwards to the current WWTW. Although the incoming pipework is
regarded as public sewer, all pipework from the reception chamber (e.g. transfer main and syphon) are

not classified as a public sewer, but as a Yorkshire Water Asset.

6.2 Pre-Development Enquiry

6.2.1 A pre-development enquiry (PDE) was made to Yorkshire Water's Technical Sewage team. This
identified that the transfer pipework and syphon system were not public sewers and that no connection

could be made to them.

6.2.2 On this basis it was advised that the most suitable connection point would be upstream of the former
works inlet chamber. On the basis that the site falls away in level to the south from this point it was also

considered that pumping up to this connection point would be very likely.

6.3 Proposed Foul Water Network

6.3.1 As the proposed residential area sits directly to the west of the former site inlet structure it is envisage
that all residential foul water drainage will connect to the public sewer by gravity. This will be confirmed
by detail design, but for outline planning purposes it is assumed ground levels shown on the

topographical survey promote a direct outfall by gravity.

6.3.2 Foul water from the new commercial units will be collected by a Section 104 Adoptable foul sewer within
the new access road which will flow southwards following the fall of the ground with Unit 5 being the
lowest lying plot plateau on the site. In this area it will be necessary to locate an adoptable foul water
pump station to lift foul water back to the proposed discharge point upstream of the former inlet

structure. An approximate location is identified on the outline drainage proposals.

6.3.3 The new residential housing masterplan takes into account the existing public sewer easements with no

structures being places within 3 metres of the centre line.

6.3.4 On the assumption that all main gravity and pumped drainage including the pump station will be
adopted by Yorkshire Water, the risk of flooding from providing new foul water drainage to the site to

serve both residential and commercial developments is considered LOW.
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Conclusion

The site is shown on Environment Agency mapping to be located generally within a Zone 1 low
risk flood zone with some minor encroachment of high risk Zone 3. Detailed hydrological and
hydraulic modelling of the Hunsworth Beck has provided clarification of the flood flows through
the Hunsworth Beck and confirmed all of the proposed developable area to be within the low risk

Zone 1

The main area of the site is shown on Environment Agency surface water flood mapping to be at
some risk from surface water flooding primarily from flood routing from the nearby motorway
junction. This has been assessed as low risk in recognition of ongoing highway improvements
works, but suitable mitigation measures have also been proposed to protect developable areas

of the site.
No other secondary flood risks are considered to pose a risk to the site.

The new site drainage system will be two separate systems (FW & SW) and surface water will be
reduced in to greenfield run off rates and incorporate SuDs measures in accordance with the
West Yorkshire and York Region SuDs Guidance (2015).

Under the requirements of the NPPF this FRA can be considered suitable to support the
planning application to demonstrate the low flood risk of flood from rivers and sea, low risk of
flooding from surface water and that the foul and surface water drainage proposals will not

increase flood risk either on site or off site.

It is recommended that a detailed drainage design is developed up for construction based on the
outline proposals contained in this report which will ensure that there is no increase in flood

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

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

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

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

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

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

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

	5  RESULTS OF SITE INVESTIGATION
	5.1 Ground Conditions
	Made Ground

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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


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

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

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

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

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

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

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

	3 Policy Framework
	3.1 National level
	National Planning Policy Framework (NPPF)

	3.1.1 Paragraphs 111 and 112 of The National Planning Policy Framework (Department for Communities and Local Government, 2012) promote the sustainable management and protection of soils and agricultural land consistent with the economic, social and en...
	3.1.2 “Planning policies and decisions should encourage the effective use of land by re-using land that has been previously developed (brownfield land), provided that it is not of high environmental value.  Local planning authorities may continue to c...
	3.1.3 Consequently, impacts to the soil resources and best and most versatile (BMV) agricultural land are to be considered and the resources protected against development, where their importance overrides the economic benefits of the development itself.
	Soil Strategy for England

	3.1.4 The National Strategy for England; Safeguarding our Soils (DEFRA, 2009a), provides a long-term guide to direct policy regarding the protection of soils in England.  The strategy highlights the importance of the protection of soils, especially in...
	3.1.5 In particular, Chapter 1 of this document ensures soils are sustainably managed and degradation threats are successfully dealt with, whilst Chapter 2 puts this into the context of agricultural landscapes.  Chapter 6 ensures effective soil protec...
	Desk study results

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

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

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

	3.5.11 Due to high annual rainfall and deep soils, droughtiness does not limit the quality of agricultural land at the site.
	3.5.12 According to the Soil Survey of England and Wales (1984) the Dale series belong to Wetness Class IV. The combination of Wetness Class IV, the climatic conditions (195 field capacity days) and the topsoil texture, results in the agricultural qua...
	3.5.13 Overall, the desk study shows that wetness is the most limiting factor to the quality of agricultural land at the site, limiting the quality of the land to a maximum of Subgrade 3b (moderate quality agricultural land).

	4 Conclusions and recommendations
	4.1 Agricultural land
	4.1.1 The desk study indicates that the land at the site is unlikely to be of BMV quality due to wetness limitation.  Given the relatively small area of agricultural land within the site (approximately 12ha) such loss is considered to be insignificant...
	4.2 Soil resources
	4.2.1 The redevelopment of the site would result in disturbance to soil resources.  The activities undertaken during the construction phase which have an impact upon soil resources include earthworks, such as:
	4.2.2 The adverse effects of such operations on soil resources include:
	4.2.3 The soil resources present on the site are of moderate quality due to the nature of the original soils present and high levels of historic disturbance over the majority of the site, therefore it is considered that the development would not resul...
	4.2.4 The stripping, stockpiling, handling, transportation and reuse of soil resources has the potential to damage soil in terms of its structure, nutrient content, carbon content and soil organism activity, and lead to increased risk of soil erosion,...
	4.2.5 The majority of soil resources stripped to allow the permanent built development to take place would be retained on site for reuse upon to create areas such as public greenspaces and private gardens. Soil resources which cannot be reused on site...
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