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Glossary of Terms

	Term
	Meaning/definition

	AP
	Annual Probability

	BGS
	British Geological Society

	CC
	Climate Change

	CIRIA
	Construction Industry Research and Information Association

	DTM
	Digital Terrain Model

	EIA
	Environmental Impact Assessment

	ES
	Environmental Statement

	FEH
	Flood Estimation Handbook

	FRA
	Flood Risk Assessment

	HGV
	Heavy Goods Vehicle

	IWMS
	Integrated Water Management Strategy

	LDD
	Local Development Document

	m AOD
	Metres Above Ordnance Datum

	OS
	Ordnance Survey

	PPS25
	Planning Policy Statement 25: Development and Flood Risk

	PUSH
	The Partnership for Urban South Hampshire

	QBAR
	Mean Annual Flow

	SA
	Sustainability Appraisal

	SEEDA
	South East England Development Agency

	SFRA
	Strategic Flood Risk Assessment 

	SPZ
	Source Protection Zone (Groundwater)

	SUDS
	Sustainable Drainage Systems

	TSS
	Total Suspended Solids


1. Introduction

1.1. Atkins’ Services

Atkins Limited has been commissioned by Portsmouth City Council to complete a Flood Risk Assessment (FRA) to support a Planning Application for the Dunsbury Hill Farm development. This is a hybrid application for outline consent for the entire development site and full consent for the access junction and road link.
The purpose of this FRA is to identify and assess the risk of all forms of flooding to and from the site taking into account future climate change. This document describes the proposed development, the implications of this development on flood risk, and how the proposed works satisfy the requirements of Planning Policy Statement 25: Development and Flood Risk (PPS25)  (Communities and Local Government, 2010). 
1.2. Background
Proposals for development of the Dunsbury Hill Farm site have evolved over the last decade. The site was first allocated for employment use in the Havant Borough Council Draft Local Plan (Havant Borough Council, 2002). A masterplan for the site was produced in 2003 with an accompanying Environmental Statement (ES)  (SEEDA & Rummey Environmental, 2003), which were subject to a Local Plan inquiry. Revisions were made to the masterplan and the site was adopted in the Havant Borough District-Wide Local Plan under Policy EMP1.4 (Havant Borough Council, 2005). The Local Plan has recently been replaced by the Havant Borough Core Strategy (Havant Borough Council, 2011), in which Dunsbury Hill Farm remains allocated as a strategic site under Policy CS18.3. Dunsbury Hill Farm has also been recognised as a key strategic employment site by the South East England Development Agency (SEEDA) and the Partnership for Urban South Hampshire (PUSH). 

In June 2007, Havant Borough Council produced a Development Brief (Havant Borough Council, 2007) for the site that formed the basis of pre-application consultation and engagement. This set out the vision, development objectives, strategic context, critical success factors and planning requirements for the site. The flood risk content of this Development Brief is reviewed in Section 2. The Development Brief also noted the requirement for an Environmental Impact Assessment (EIA), leading to the production of an ES, in accordance with Schedule 2 of the Town and Country Planning (EIA) (England and Wales) Regulations. More recently, a feasibility study was undertaken (Atkins, 2010) which included consideration of a suitable drainage scheme for the site. This FRA accompanies an ES (Atkins, 2011) that considers the impact of the development on all environmental receptors. 

1.3. Planning Context
PPS25 (Communities and Local Government, 2010) sets out Government policy on development and flood risk. It aims to ensure that flood risk is taken into account at all stages of the planning process, to avoid inappropriate development in areas at risk of flooding, and to direct development away from areas of highest risk. Where new development is deemed necessary in areas of flood risk, PPS25 aims to make it safe, without increasing flood risk elsewhere and where possible, reduce flood risk overall. 

PPS25 requires that planning applications for development proposals of 1 hectare or greater in Flood Zone 1 and all proposals for developments located in Flood Zones 2 and 3 are accompanied by a FRA. This report forms a Level 3 FRA as described in CIRIA publication c624, ‘Development and Flood Risk’ (CIRIA, 2004) and the PPS25 Practice guide (Communities and Local Government, 2009). It provides a quantitative assessment of the risks arising to the site as a result of both its location and development proposals. 
The PPS25 Practice Guide was published in December 2009 to offer guidance on how to implement the policies within PPS25.  The guide draws upon existing good practice and illustrates case studies and examples to inform regional planning bodies and local planning authorities on how they can deliver the national policies in PPS25 within their region. Section 2 provides more information on the application of the PPS25 principles for this development. 
1.4. Approach to the Planning Application

The planning application approach for the Dunsbury Hill development involves the submission of a hybrid planning application. The outline part of the planning application covers the entire site and establishes the principles of the development to enable the detailed design to evolve within a series of agreed development parameters. The scale of the development will require the whole scheme to be implemented in phases over a period of time. The detailed part of the planning application will relate to the access and link road. This requires more detailed treatment, for reasons of construction timing and to demonstrate confidence that the scheme is feasible. This will provide a firm basis for setting the access and keys areas of the development in relation to the major highway works. In this FRA, the outline development is referred to as the ‘Business Park’ and the detailed development is referred to as the ‘Access Road’. 
1.5. Site Description
1.5.1. Location and Land Use
The proposed area for development is termed the ‘site’ for the purposes of this document. The site is located to the west of Leigh Park in the north-west of Havant and to the east of Waterlooville. It is immediately east of the A3(M) at Junction 3 and the road runs along the western boundary of the site. It is a Greenfield site located on a slope between the urban areas and areas of woodland. The site is currently comprised of extensive open fields with established hedgerows and is owned by Portsmouth City Council. The total site has an area of 33 hectares, 20.2 hectares of which is proposed for development. The general location of the proposed development is shown on Figure 1.
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Figure 1. Dunsbury Hill Farm Location 

1.5.2. Water Bodies

The Hermitage Stream rises in the Queens Inclosure in Waterlooville and flows in a south-easterly direction under the A3(M), to the south of the site and through the urban area of Leigh Park and Havant before discharging to Langstone Harbour, south of Bedhampton. The watercourse has been heavily modified following an improvement scheme in Leigh Park completed in 1977 and consisting of the construction of a concrete lined channel with concrete bank revetments. The central reach of the river through Leigh Park was restored as a natural open channel in 1999, but areas of concrete lined channel remain further upstream in the vicinity of the development site. Immediately south of the A3(M) is a 200m reach of concrete lined channel with a series of timber weirs designed to act as velocity breaks. These are currently ineffective because of sediment accretion between the weir sections. 
Park Lane Stream rises in the Hazleton Way Estate in Cowplain and flows through a natural valley to the east of the development site. The lower reaches of Park Lane Stream are culverted before it issues into the Hermitage Stream just downstream of Middle Park Way. The whole of the Hermitage Stream and Park Lane Stream downstream of the Giant Steps is designated as a main river.
There are a number of small drainage ditches located to the south of the Hermitage Stream in Neville’s Park and two to the north of the Hermitage Stream in close vicinity to the site. In addition, although not yet constructed, one of the other strategic sites included in the Havant Borough Core Strategy is the Havant Thicket Reservoir. This will be a winter storage reservoir operated by Portsmouth Water proposed for Staunton Country Park, approximately 1km to the east of the development site. 
There are two small ponds that lie within Portsmouth City Council’s land ownership; one within the grounds of the farm buildings and one in the woodland to the east. 
1.5.3. Topography

The development site slopes in a southerly and easterly direction from a maximum elevation of approximately 55m Above Ordnance Datum (AOD) at Dunsbury Hill Farm, to a minimum elevation of 15m AOD at the Hermitage Stream. The southern slope is gentle with a gradient of 1 in 30. 
1.5.4. Geology
A high-level geological assessment using the British Geological Survey (BGS) of England and Wales map sheets was undertaken. The bedrock geology is comprised of the Thames Group (previously known as London Clay) clays, silts, sands and gravels. London Clay has a low permeability and is classified as a Non Aquifer by the Environment Agency. There are small areas of variably permeable Bognor Sands that overlay the London Clay in superficial deposits 5 – 10m thick. There are also secondary undifferentiated aquifers associated with the Hermitage Stream and Park Lane Stream, although these only yield very small volumes of water. The site is not located in a groundwater Source Protection Zone (SPZ) and the nearest SPZ identified by the Environment Agency is approximately 3km to the north and south.
1.6. Development Proposal
The proposed development is known as Dunsbury Hill Farm and includes an outline masterplan for a business and technology park, with a hotel and conference centre, landscaping and supporting infrastructure. The vision is for a strategic employment site for Havant Borough and the wider sub-region, providing approximately 60,000m2 of new employment space and a new business gateway from the A3(M). The development will be mix-used, comprised of B1 (offices, research buildings and light industry), B2 (general industry) and B8 (storage and distribution). 

The site will be accessed by a new road running through the site from Hulbert Road at junction 3 of the A3(M) to Woolston Road, Leigh Park, Havant. The access road will require a new crossing of the Hermitage Stream in the form of a clear spanning bridge. The development proposals also include enhancement of the Hermitage Stream corridor with river restoration to replace 100m of existing concrete channel with a soft-banked more sinuous channel running through a new wetland feature. At this stage, an outline design for the restoration has been produced with indicative river channel cross sections. This will be subject to detailed design in the future. This Appendix A contains an indicative drawing illustrating the development proposals and a more detailed plan of the Hermitage Stream Bridge. 
Restoration of the Hermitage Stream and construction of the access road is planned to take place in 2013. The development of the business park will be phased as follows:

· Phase 1: 13.2ha of land in the southern and central part of the site. A maximum of 46,450m2 of employment space and 5,574m2 of hotel floor space. Planned construction 2014 – 2016.
· Phase 2: 7ha of land in the northern part of the site. A further 15,329m2 of employment space. Planned construction 2020 – 2022.
1.7. Consultation with the Environment Agency

As part of the planning process, the Environment Agency has been consulted about the proposed development and the requirements for a FRA. The letter received from the Solent and South Downs Area Planning Liaison Officer is provided in Appendix B. This sets out the requirements for the design of Sustainable Drainage Systems (SUDS) to manage surface water, and the assessment of the flood risk implications of the new bridge crossing and restored channel reach. 
1.8. Document Scope

The outline of this document is as follows:
· Section 2 discusses the planning context of the proposed development.
· Section 3 assesses the potential sources of flood risk.

· Section 4 discusses the management of fluvial flood risk.

· Section 5 discusses the management of surface water and the control of this flood risk.

· Section 6 provides the conclusions and recommendations of this FRA and discusses the application of the PPS25 Sequential and Exception Tests. 
1.9. Terminology
Throughout this document, flood events are defined according to their likelihood of occurrence.  The term ‘annual chance’ is used, meaning the chance of a particular flood occurring in any one year.  This is directly linked to the probability of a flood.  For example, a flood with an annual chance of 1 in 100 (a 1 in 100 chance of occurring in any one year), has an annual probability of 1%.
2. Planning Context

2.1. Planning Policy Statement 25

2.1.1. Overview

PPS25  (Communities and Local Government, 2010) requires that, for development proposals of 1 hectare or greater in Flood Zone 1 and all proposals for development located in Flood Zones 2 and 3, a FRA must be submitted to the Local Planning Authority to:

· Confirm that risks of all forms of flooding to and from the development can be managed, taking into account climate change.

· Identify opportunities to reduce the probability and consequence of flooding.

· Identify how sustainable drainage systems (SUDS) will be used, with any obstacles to their use clearly justified.

The proposed red line application boundary area exceeds 1 hectare. The purpose of this report is therefore to document a detailed assessment of flood risk associated with the development proposal in accordance with PPS25.  The FRA addresses all forms of flooding as required by PPS25.  This includes examining the impact of the increased run off and assessing the risks of flooding from fluvial, tidal, groundwater, artificial drainage systems and infrastructure failure sources.
2.1.2. The Sequential Test

Flood Risk Classification

The aim of the sequential test, as defined in PPS25, is to steer new development to areas with the lowest probability of flooding. Flood Zones, defined on the Environment Agency flood maps, are the starting point of the sequential approach.  These Flood Zones refer to the probability of river (fluvial) and sea (tidal) flooding only, ignoring the presence of existing defences.  They are summarised in Table 1. 
The ‘Sequential Test’ gives preference to locating new developments wherever possible in Flood Zone 1 (Low Probability).  If there are no reasonably available sites in Flood Zone 1, the flood vulnerability of the proposed development should be taken into account when locating development in Flood Zones 2 and then Flood Zone 3.  Flood Zone 3 can be further sub-divided into Flood Zones 3a and Flood Zone 3b, where Flood Zone 3b represents the portion of Flood Zone 3 where water regularly has to flow or is stored during flood events. This is usually defined by the Local Authority in a Strategic Flood Risk Assessment (SFRA). The location of the site in relation to these Flood Zones is presented in section 3.
	Flood Zone
	Annual Chance of Flooding
	Annual Probability of Flooding

	1. Low Probability
	Fluvial and Tidal > 1 in 1000
	< 0.1%

	2. Medium Probability
	Fluvial 1 in 1000 to 1 in 100

Tidal 1 in 1000 to 1 in 200
	0.1 – 1%

0.1 – 0.5%

	3a. High Probability
	Fluvial < 1 in 100

Tidal < 1 in 200
	> 1%

> 0.5%

	3b, The Functional Floodplain
	Land where water has to flow or be stored in times of flood. The Functional Floodplain should not be defined using rigid probability parameters, but instead make allowance for local circumstances (Ref. 1 and 8). 


Table 1. Summary of PPS25 Flood Zone Definition

Vulnerability Classification and the Exception Test
PPS25 contains a classification of land uses based on vulnerability to flooding. These are as follows:

· Essential Infrastructure

· Highly Vulnerable

· More Vulnerable

· Less Vulnerable

· Water Compatible

These classifications aid in determining whether a development is suitable when it is situated within a specific Flood Zone. Table 2 is taken from PPS25 and outlines this compatibility. The site is proposed for mixed-used development. In accordance with PPS25 a hotel is classified as ‘More Vulnerable’ and is appropriate for Flood Zone 1 and 2 but requires the Exception Test to be satisfied if sited in Flood Zone 3a and is not appropriate for Flood Zone 3b. Office developments are classified as ‘Less Vulnerable’ and are appropriate for Flood Zones 1, 2 and 3a, but not appropriate for Flood Zone 3b. River restoration is ‘Water Compatible’ and is suitable for all Flood Zones. 
[image: image2.emf]
Table 2. PPS25 (Table D3): Flood Risk Vulnerability and Flood Zone “Compatibility”

2.1.3.  The Exception Test

Following application of the Sequential Test, if a development that is consistent with wider sustainability objectives cannot be located in a low probability flood zone, the Exception test can be applied. There are three conditions which must be fulfilled before the Exception Test can be passed. There conditions are as follows:

It must be demonstrated that the development provides wider sustainability benefits to the community that outweigh flood risk, informed by a Strategic Flood Risk Assessment (SFRA) where one has been prepared. If the Local Development Document (LDD) has reached the ‘submission’ stage, the benefits of the development should contribute to the Core Strategy’s Sustainability Appraisal (SA).

The development must be on developable previously-developed land or, if it is not on previously-developed land, that there are no reasonable alternative sites on previously-developed land.

A site-specific Flood Risk Assessment must demonstrate that the development will be safe, without increasing flood risk elsewhere, and, where possible, will reduce flood risk overall. 

The application of the PPS25 Sequential Test and where necessary, the Exception Test for the proposed development is discussed in section 6. 
2.2. Review of Existing Studies
The Partnership for Urban South Hampshire (PUSH) SFRA
The Partnership for Urban South Hampshire (PUSH) is a sub-regional local authority partnership comprised of ten local planning authorities, aiming to promote economic growth while delivering sustainable communities in the Hampshire area. PUSH commissioned a joint Strategic Flood Risk Assessment (SFRA) (PUSH, 2007) that provides publicly-available information on flood risk in the South Hampshire sub-region. There is no SFRA available for Havant Borough Council, in which the development site lies but instead the site is included in the sub-regional SFRA.
The Environment Agency Flood Zone mapping was used to assess fluvial and tidal flood risk, with no additional modelling undertaken as part of the SFRA. Some of the gaps in available fluvial flood risk data have subsequently been addressed by the Environment Agency’s Strategic Flood Risk Mapping programme and fluvial flood risk will be discussed further in Section 3 and 4. 

The SFRA also reviewed other sources of flooding. The land in the immediate vicinity of the Hermitage Stream was identified as been susceptible to surface water flooding, and shallow surface water flow routes were identified on the site along the existing field boundaries. The site is shown to be an area with a moderate to high potential for generating overland flows and development is likely to have a low to moderate impact on the surface water runoff regime. Use of Sustainable Drainage Systems (SUDS) to manage surface water is promoted, although the low ground permeability is noted to limit the use of infiltration techniques. 
Groundwater flooding was stated to be most likely to occur in locations where highly permeable geological formations meet formations with lower permeability. Maps are provided that identify historic instances of sewer flooding including several in the Havant urban area. As part of the SFRA, consultation was undertaken with Southern Water to investigate whether the proposed development would have an adverse impact on the local drainage system. At the time of writing the SFRA, sufficient capacity was confirmed but was not reserved for foul and surface water sewerage. Further consultation has since been undertaken as part of these development proposals. 
PUSH Integrated Water Management Strategy (IWMS)
The IWMS (PUSH, 2009) aimed to use a consideration of water resources to guide and inform the level and location of development in the urban South Hampshire sub-region. The assessment of flood risk drew on findings from the SFRA and further promoted the use of SUDS in new developments to ensure that the surface water runoff rates from sites are attenuated to the original pre-development runoff rate.

Havant Borough Council Dunsbury Hill Farm Development Brief

The Dunsbury Hill Farm Development Brief (Havant Borough Council, 2007) formed the basis of pre-application consultation and engagement. This set out the vision, development objectives, strategic context, critical success factors and planning requirements for the site. Included were a number of planning requirements with regard to drainage, including the following:

· Surface water flows from the site must not increase flooding elsewhere or contaminate local watercourses.
· Surface water flows should be directed into the Hermitage Stream between the A3(M) and Ramsdale Avenue. It is unlikely that flows can be accommodated in Park Lane Stream.

· SUDS should form an integral part of the drainage design. It is anticipated that the maintenance of any SUDS features will remain the responsibility of the manager of the development, who should enter into agreements to ensure the satisfactory operation and maintenance of these features. 

The development Brief additionally states that buildings on the site should be designed to minimise water consumption with the inclusion of features such as grey water recycling and green roofs. This would also act to reduce surface water runoff from the site. 

Under Section 106 of the Town and Country Planning Act, Local Planning Authorities can enter into legally binding agreements or planning obligations with a landowner in association with the granting of planning permission. The Section 106 requirements for the Dunsbury Hill Farm development include enhancement of the Hermitage Stream, implementation of a surface water drainage scheme and operation of a 50 year management plan by an appointed management company. 

3. Assessment of Flood Risk
3.1. Introduction
Annex C of PPS25 (Communities and Local Government, 2010) outlines the different forms of flooding that should be assessed as part of development proposals for all sites. This section of the document assesses these sources of flood risk, identifying those that could affect or be effected by the proposed development. The remainder of the document focuses only on those flood risks identified as being significant. For the purposes of this assessment, the development has been divided into three parts, as follows:

· The outline masterplan for a business development located up slope of the Hermitage Stream.

· The new access road including the bridge over the Hermitage Stream.

· The restoration of the Hermitage Stream.

3.2. Fluvial Flood Risk

Fluvial flooding occurs when the flow capacity of the watercourse is exceeded and as such the channel is not sufficient to contain the flow. Fluvial flooding can also occur where channels are constricted such that the channel capacity is reduced, for example at the entrances to culverts or bridges, or when blockages occur. 
Specific Flood Risk to the Site

Ordnance Survey (OS) mapping has been used to determine the location and elevation of nearby watercourses in relation to the development site. The Hermitage Stream flows in a south-easterly direction and is located in the south-western part of the site. The river is at an elevation of approximately 15m AOD. Away from the watercourse, the ground rises gradually and the main business development site is located on this area of higher gently sloping ground, at an elevation of between 20m and 55m AOD. Park Lane Stream is also situated down-slope of but to the east of the development site. A review of site levels therefore suggests that the main site is unlikely to be at risk of fluvial flooding from the Hermitage Stream or Park Lane Stream. 
This is confirmed by Environment Agency Flood Zone mapping, which is freely available and can be utilised to indicate the fluvial flood risk to the site. The flood outlines for the Hermitage Stream have been derived from an Infoworks RS modelling study completed in 2006. Figure 2 is an extract from the Environment Agency mapping and indicates that the business park site is located in Flood Zone 1 with an annual probability of fluvial flooding of less than 0.1%. Flood flows on the Hermitage Stream are currently contained within the river channel with no out-of-bank flow, as illustrated on the flood map. The proposed access road including the new bridge supports is therefore also located in Flood Zone 1 with a low probability of flooding.  
The site is at a low risk of flooding from the Hermitage Stream and Park Lane Stream and therefore all development is acceptable in line with the guidance in PPS25. Fluvial flood risk to the site will not be considered further as part of this FRA. 
The development proposals however include restoration of a reach of the Hermitage Stream and a new bridge over the watercourse. These aspects of the development have the potential to affect fluvial flood risk downstream of the development and are therefore considered further in Section 4. This is particularly important given that the current flood outlines indicate the downstream properties in Leigh Park have a high probability of flooding. 

It is also noted that under the terms of the Water Resources Act 1991 and the Southern Region Land Drainage and Sea Defence Byelaws, the river restoration and new bridge will additionally require the prior written permission of the Environment Agency in the form of a Flood Defence Consent. 
Climate Change

Flood risk from fluvial sources will increase as a result of climate change. The guidance set out in PPS25 estimates an increase in river flow of 10% until 2025 and an increase of 20% between 2025 and 2115. The effect of climate change on flows was included in the hydraulic model and a review of the model results concluded that flows remain in channel in a 1 in 100 year flood event with allowance for climate change. 
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Figure 2. Extract from the Environment Agency Flood Zone Map 
3.3. Tidal Flood Risk

High tides, storm surges and wave action, often in combination, can result in tidal flooding. The development site is 4km upstream of Langstone Harbour and flows in the Hermitage Stream and Park Lane Stream are fluvial in nature. The site is therefore not at risk from tidal flooding and this will not be considered further in this FRA.
3.4. Groundwater Flood Risk

Groundwater flooding normally occurs where the water table meets the ground surface in low lying areas which are underlain by permeable rock known as aquifers.  This tends to follow long periods of sustained rainfall, but can also be caused as a result of local obstructions to groundwater flow or by the rebound of groundwater levels after a decrease in abstraction or dewatering.
The future flood risk from groundwater is uncertain as the climate change predictions indicate that although sea level will rise, thus possibly raising groundwater levels, overall summer rainfall will decrease, therefore having a long term effect of lowering the groundwater levels. However, long periods of wet weather are predicted to increase.  These are the type of weather patterns that can cause groundwater flooding to occur.
Specific Flood Risk to the Site
The SFRA (PUSH, 2007) concludes that groundwater flooding is most likely to occur where highly permeable geological formations meet formations with lower permeability. The development site is underlain by a deep clay strata characterised by low permeability and very little mobile groundwater. Site investigations were undertaken to inform the baseline of the Environmental Statement (Atkins, 2011).  Trial pits and boreholes were used to make spot checks on water levels. There was a single water strike at a level of 3.15m below ground. Groundwater flood risk at the site is therefore assessed as being low. The development will not interfere with groundwater movement or storage and is unlikely to increase the risk of groundwater flooding in neighbouring areas. Any groundwater encountered during construction will be mitigated and further consultation/consent from the Environment Agency will be sought where necessary. For these reasons, the site is not considered to be at risk from groundwater flooding and this is not considered further in this FRA.
3.5. Surface Water Flood Risk

There are two mechanisms of surface water flooding, namely; exceedence of drainage capacity and exceedence of infiltration capacity. Flooding from the arterial drainage network can result from intense local rainfall and / or backing up following blockages. When causing exceedence of ditch capacity this results in overtopping and overland flow. Alternatively, intense rainfall that is unable to infiltrate into the ground or enter drainage systems runs off the land as overland flow and can result in localised flooding. 

Impermeable urban areas act to increase both the rate and volume of surface water runoff. The risk of surface water flooding is, therefore, vulnerable to any changes in land use proposed as part of new developments. To meet the requirements of PPS25, this needs to be managed in a sustainable manner to prevent an increase in flood risk to both the site and neighbouring areas. 

Specific Flood Risk to the Site

The site is drained by open drainage ditches. There are two drainage ditches aligned in a north-south direction in the southern part of the development site, north of the Hermitage Stream.  There are also existing drainage ditches to the south-east of the proposed access road. Flooding from these ditches is likely to pond on the surface and lead to overland flow down slope and towards the Hermitage Stream.

The site is situated on Thames Group bedrock geology which has a low permeability and hence a low infiltration capacity, resulting in high runoff potential during periods of intense rainfall. The sloped location means that the development at lower elevations is most vulnerable to surface water flooding. Any increase in the impermeable area resulting from the development has the potential to increase surface water runoff rates and volumes. The risk of surface water flooding (both to and from the development) has been analysed quantitatively and is presented in section 5. 
Climate Change

An increased rainfall intensity and greater frequency of winter storms means that the risk of surface water flooding is likely to be greater in the future.  The guidance set out in PPS25 states a range of increases in rainfall intensity over the next 100 years from 5% up to 2025 and 30% post 2085. The effect of climate change on surface water flooding has been considered as part of this FRA and a precautionary approach adopted by using a 30% increase in rainfall intensity. 
3.6. Flood Risk from Sewers

Flooding from sewers is caused by exceedence of sewer capacity and / or a blockage in the sewer network. In areas with a combined sewer network system there is a risk that land and property could be flooded with water contaminated with raw sewage, and that natural watercourses will be polluted. In cases where a separate sewer network is in place, sites are not sensitive to flooding from the foul sewer system and climate change will not increase this risk. 

Specific Flood Risk to the Site

The site is currently undeveloped Greenfield land with existing foul connections to the west and east and a foul sewer crossing the southern part of the site. Southern Water have indicated that there is sufficient existing capacity for at least the early stages of the development to discharge to these sewers. Any new connections will be designed in accordance with Sewers for Adoption (WRc, 2006) and it is recommended that design plans should ensure there is the lowest level of risk practicably possible. Further consultation with the sewerage undertaker should be undertaken where required. This will be sufficient to ensure that the site is not at risk of sewer flooding and the development will not increase the risk of sewer flooding elsewhere. Flood risk from sewers will not be considered further in this FRA but it is recommended that further consultation and provision of more detailed information should be provided to the sewerage provider as part of a detailed planning application.  

3.7. Flood Risk from Other Sources

Where infrastructure exists that retains, transmits or controls the flow of water, there is a risk that structural, hydraulic, geotechnical, mechanical or operational failure will result in flooding. In the case of canals and reservoirs, water is retained above natural ground level and flooding from these sources can either result from overtopping or bank/dam failure. Flooding can also result from a failure of flood defences. 
Specific Flood Risk to the Site

There are no canals or reservoirs located within the upstream catchment of the development area and the Environment Agency does not identify the site as an area at risk of flooding from reservoirs on the freely available online maps. The proposed site is not identified as being protected by flood defences on the Environment Agency Flood Maps and is not at risk of flood defence failure. There are 2 small ponds, located up-slope of the site. These are naturally-filled and are not designated reservoirs. Water in the ponds is not retained above ground level and therefore they are not assessed as posing a significant risk to the site. 
Thicket Reservoir is a proposed winter storage reservoir that is planned for Staunton Country Park. When constructed it will be about 1km east of the development site in the neighbouring Riders Lane Stream valley. In the event of dam overtopping or breaching, water would flow downstream in a southerly direction and not towards the development site. Flooding from other sources will therefore not be considered further as part of this FRA.
3.8. Summary

A review of all sources of flood risk has established that there are two key flood risks that require further consideration, namely the change in fluvial flood risk resulting from construction of a new bridge over the Hermitage Stream and the proposed river restoration scheme, and the flood risk to and from the development, from surface water flows. Further assessment, and where required, proposed mitigation options for these flood risks, are presented in Sections 4 and 5. 
4. Fluvial Flood Risk Assessment

4.1. Introduction

Section 3 concluded that no aspects of the proposed development are at risk of fluvial flooding. The new bridge and the restoration scheme do however have the potential to impact on fluvial flood risk to neighbouring areas. This section provides a more detailed assessment of the likely impact of the development proposals on fluvial flood risk.  

4.2. Hermitage Stream Bridge
The development proposals include a new bridge over the Hermitage Stream. Structures have the potential to impede rising (and falling) flood waters and reduce flow conveyance during a flood event. This can have an impact on neighbouring sites by increasing flood levels up or downstream. The Environment Agency has standard design requirements for new bridges over main rivers. These are set out in the pre-application advice letter provided by Havant Borough Council dated 12th July 2011 (included in Appendix B), that summaries the consultation response from the Environment Agency. Crossings are expected to clear span the river with the abutments set back from the river banks by at least 1m. Additionally, bridges should be designed to have a soffit level at or exceeding 50mm above the 1 in 100 year flood level with climate change and an additional 600mm freeboard. 
Drawing 2 in Appendix A illustrates that the proposed bridge meets these requirements with a 1.8m clearance and a soffit level of 20.5m AOD. The bridge abutments are set back from the river bank by a distance of 5m on both sides. The bridge is therefore not at risk of flooding and will not increase flood risk elsewhere by acting as an obstruction to flood flows. The free spanning nature of the bridge and high soffit level, combined with the in-channel flood flows means that the risk of bridge blockage by debris during a flood event is considered minimal. 

As the new crossing is over a Main River, the structure will require the prior written permission of the Environment Agency in the form of a Flood Defence Consent. The information included in this FRA can be used as part of the consent application.

4.3. Hermitage Stream Restoration
The development proposals include outline design for the restoration of a 100m length of existing concrete lined channel along the Hermitage Stream, immediately downstream of the new bridge crossing. Restoration will provide a ‘natural’ soft banked channel and increased sinuosity. The new channel will be excavated adjacent to the existing channel and flow only diverted upon completion of the restored channel cut. The restoration scheme has the potential to impact on flood risk both at the site and in neighbouring areas. This was further investigated as part of this FRA.
4.3.1. Existing Flood Risk

There is an existing Infoworks RS model of the Havant watercourses, including the Hermitage Stream, the use of which has been licensed for this project. Modelled flood flows are currently contained within the river channel with no out-of-bank flow in the vicinity of the development site, as illustrated on the flood map in Figure 1. Flooding is however modelled to occur in the downstream residential area of Leigh Park. The modelled water levels at key locations for the 1% AP event are provided in Table 3.
4.3.2. Hydraulic Modelling

The existing model was truncated to include only the reach of the Hermitage Stream from upstream of the A3 to Leigh Park. The section proposed for restoration was identified and the original 7 channel cross sections and 3 structures removed. The latter represented a series of small timber weirs originally designed to act as velocity breaks. The weirs are currently ineffective because of sediment accretion and will be removed and not replaced through the restored reach. Three new indicative channel cross sections representing the outline proposed shape of the restored channel were added into the model. The reach length was increased by approximately 10% to 100m to reflect the increased sinuosity of the new channel. The channel Mannings value was kept at 0.03 and the bank Mannings value at 0.09. No change was made because the existing Mannings value is considered high for a concrete channel and more appropriate for a vegetated channel. The high Mannings means that the existing modelled water levels are likely to be a conservative estimate of the actual water levels in the Hermitage Stream. The new bridge crossing over the Hermitage Stream was modelled as an USBPR Bridge Unit with a soffit / spring height of 20.47m AOD, as taken from drawing 2 in Appendix A. 
4.3.3. Post-Development Flood Risk

The 1% AP flood events were re-run using the modified hydraulic model and the results extracted. Table 3 compares the existing and restored modelled water levels at key locations, illustrated on Figure 3.
	Cross Section
	Location
	1% AP Water Level (m AOD)
	Change in Water Level (mm)

	
	
	Pre-Development
	Post-Development
	

	HS5229i3
	U/S of A3
	19.65
	19.65
	No Change

	HS5021
	D/S of A3
	19.00
	19.00
	No Change

	HS4997
	D/S of A3
	18.40
	18.42
	+ 20

	HS4979D
	15m U/S of Restored Reach
	17.94
	18.00
	+ 60

	HS4964
	Restored Section 1
	17.91
	17.92
	+10

	HS4937D
	Restored Section 2
	17.66
	17.64
	- 20

	HS4875D
	Restored Section 3
	17.05
	17.04
	- 10

	HS4778
	100m D/S of Restored Reach
	16.57
	16.57
	No Change

	HS4042
	Bushy Lease, U/S of Leigh Park
	13.10
	13.08
	- 20

	HS3708
	Leigh Park (School)
	11.73
	11.73
	No Change

	HS3355
	Leigh Park (D/S model extent)
	9.94
	9.94
	No Change


Table 3. Change in Water Level during a 1% AP event following River Restoration
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Figure 3. Hermitage Stream Selected Model Node Locations

The model results illustrate that the proposed river restoration scheme will result in no change / a minor reduction in water levels through and downstream of the restored reach. There will therefore be no change to the flood risk in the residential area of Leigh Park. Similarly, there will be no significant change in water level upstream of the A3. 
Immediately upstream of and through the first part of the restored reach, the model results estimate a small increase in the peak water level, by a maximum of 60mm during a 1% AP event. The increase in water level is modelled to occur over less than 75m, with the extent of change reducing upstream towards the A3 and downstream through the restored section. The model was also run for the 1% AP flood event with a 20% increase in flows to allow for the impact of climate change. The results were consistent with those presented in Table 3 and described in this section.
The bridge is a free-spanning structure with a high soffit level and therefore does not act to restrict the passage of in-bank flows down the river. The small modelled increase in level is therefore a consequence of the river restoration scheme. There is no development in the area affected and water remains contained well within the river channel with no out-of-bank flow. At Restored Section 1 for example, where the new bridge crosses the watercourse, the maximum 1% AP water level is still 0.78m below bank level. It is therefore concluded that the water level increase will not result in an increase in the fluvial flood risk.

Sensitivity Testing

The in-channel Mannings for the post-development scenario was increased from a value of 0.03 to a value of 0.035 for the restored channel cross sections, to represent the possible increase in channel roughness resulting from the restoration scheme; it should be noted that this is precautionary as a manning’s n value of 0.03 is normal for a natural vegetated channel. The 1% AP flood event was re-run and as demonstrated in Table 4, the model was found to be sensitive to this change in channel roughness. 
	Cross Section
	Location
	1% AP Water Level (m AOD)
	Change in Water Level (mm)

	
	
	Pre-Development
	Post-Development
	

	HS5229i3
	U/S of A3
	19.65
	19.65
	No Change

	HS5021
	D/S of A3
	19.00
	19.01
	+ 10

	HS4997
	D/S of A3
	18.40
	18.46
	+ 60

	HS4979D
	15m U/S of Restored Reach
	17.94
	18.12
	+ 180

	HS4964
	Restored Section 1
	17.91
	18.06
	+150

	HS4937D
	Restored Section 2
	17.66
	17.70
	+ 40

	HS4875D
	Restored Section 3
	17.05
	17.06
	+ 10

	HS4778
	100m D/S of Restored Reach
	16.57
	16.57
	No Change

	HS4042
	Bushy Lease, U/S of Leigh Park
	13.10
	13.09
	- 10

	HS3708
	Leigh Park (School)
	11.73
	11.73
	No Change

	HS3355
	Leigh Park (D/S model extent)
	9.94
	9.94
	No Change


Table 4. Change in Water Level during a 1% AP event following River Restoration with an increased in-channel Mannings value

The results of this sensitivity test indicate that increasing channel roughness will still result in no change in water levels upstream of the A3 and downstream of the restored reach, through Leigh Park. Immediately upstream of and through the entire restored reach, the model results suggest a greater increase in the peak water level, by a maximum of 180mm during a 1% AP event. The increase in water level is estimated to occur over approximately 160m, with the extent of change reducing upstream towards the A3 and downstream through the restored reach. Despite the increase in level, water remains contained well within the river channel with no out-of-bank flow. At Restored Section 1 for example, the maximum 1% AP water level is still 0.64m below bank level. 
Conclusion
The river cross sections used in this modelling assessment are based on outline proposals for the restoration scheme. Further consultation with the Environment Agency will be undertaken at the detailed design stage and should the modelled increase in water level be deemed unacceptable, the design proposals can be modified. At this outline stage, it is assessed that the minor water level increase in the vicinity of the development site will not result in an increase in the fluvial flood risk to people or property because the water remains contained well within the river channel. There is no increase in water level downstream of the restored reach, through the residential area of Leigh Park. 
5. Surface Water Flood Risk Assessment

5.1. Introduction
New developments have the potential to alter the pathway, speed and quality of surface water run-off. National, regional and local legislation guides surface water management and should be considered during the development process. This section provides an assessment of the surface water drainage at this development by considering the existing site drainage, the proposed development and its impact on the water environment. It concludes with recommendations for an outline drainage design that will mitigate the risk of surface water flooding to both the development and surrounding areas.

5.2. Methodology

The assessment of surface water flood risk will be undertaken with consideration of the following: 

· The existing drainage and run-off rates at the site. 
· The impact of the proposed development including new buildings and access road.
· Attenuation requirements for storage.
· SUDS selection using a method from CIRIA (2007).
· A proposed outline drainage system at the site. 

5.3. Existing Surface Water Drainage
The site proposed for development is currently agricultural land and is therefore considered a Greenfield site. The land slopes in a south and easterly direction, from an elevation of approximately 55m AOD to 15m AOD. Water that cannot infiltrate into the ground currently flows overland down the slope to either the Hermitage Stream or Park Lane Stream. Alternatively, it can flow into one of the two drainage ditches present on the site. 

On the basis of geological information, it is assumed that the permeability of the soil and bedrock is low. Information from the PUSH SFRA suggests that ground underlain by clay is unlikely to be at significant risk of groundwater flooding. The development is also not within a Source Protection Zone and groundwater quality is considered to be of low importance. 
Greenfield run-off rates for the existing site were calculated for the QBAR, 1, 30 and 100 year rainfall event, using the small catchments methodology (Institute of Hydrology, 1994) within Microdrainage software. The results are provided in Table 5.   
	Return Period
	1
	Q BAR*
	30
	100

	Greenfield Runoff Rate l/s/ha
	2.9
	3.4
	7.7
	10.9


*QBAR relates to the mean annual Greenfield runoff rate.

Table 5. Greenfield Runoff Rates for Different Return Periods

5.4. Potential Impacts of Development

5.4.1. Development Proposals
The development will include areas of concrete, paving, buildings and structures that will be constructed on a Greenfield site. Following construction, the proportion of impermeable hardstanding surfaces will therefore increase. The new development associated with the access road will result in the creation of 1.8ha of new impermeable surfaces. The business park development is assumed to result in the creation of 13.2ha of new impermeable surfaces in phase 1 and a further 7ha of new impermeable surfaces in phase 2. Although it is recommended that where possible green roofs, permeable paving and rainwater harvesting systems should be used, at this stage in the masterplanning process, this assessment has assumed that all of the development is impermeable. This therefore provides a conservative estimate of the impact of development and requirement for attenuation. 
As part of the access road construction, culverting of the on-site drainage ditch is proposed. Detailed sizing calculations for this culvert in line with current best practice guidance (Culvert Design and Operation Guide CICIR c689, April 2010) will be required prior to construction. This will ensure that the sizing takes into account the expected discharge from the development to ensure that there will be no increase in upslope surface water flood risk caused by the restriction of flow in the drainage ditch. The work will also require Environment Agency Land Drainage Consent.
5.4.2. Post-Development Runoff Rates
In the absence of mitigation measures, the increase in impermeable surfaces will result in increased surface water runoff rates and volumes. Requirements for the management of surface water on the site were discussed with the Environment Agency. This included the need to compensate for the potential increase in runoff volumes by providing mitigation measures to maintain the Greenfield runoff rates. Proposals for the type of attenuation to reduce surface water run-off to pre-development quantities is discussed in the proposed drainage system section. 
5.5. Use of SUDS
PPS25 states that the sustainable management of rainfall and runoff is an essential element of reducing flood risk to both development sites and surrounding areas. Sustainable Drainage Systems (SUDS) are a sequence of management practices and control methods designed to drain surface water in a more sustainable way then conventional drainage techniques. SUDS aim to mimic natural drainage processes, remove pollutants and attenuate peak flows from urban runoff at source. In these ways, they help to reduce the impact of new development on surface water runoff. SUDS comprise a wide range of techniques, including green roofs, permeable paving, rainwater harvesting, swales, detention basins, sub-surface storage, ponds and wetlands. 

The CIRIA c697 SUDS selection method has been used to assess the constraints of the development site and determine appropriate SUDS for the drainage system (CIRIA, 2007). There are five selection criteria to consider, as follows: 
· Land Use Characteristics

· Site Characteristics

· Catchment Characteristics

· Quantity and Quality Performance Criteria

· Amenity and Environmental Requirements.
Land Use 
The land use characteristics proposed at Dunsbury Hill Farm is light industrial (B2) mixed with retail (B1) and storage (B8) with associated supporting infrastructure including the access road. Any roof drainage should need minimal treatment.  Treatment of run-off from roads will depend on the sensitivity of the receiving watercourse. Traffic flows at this development are expected to be relatively low albeit with the potential for Heavy Goods Vehicles (HGV) to use this site. For commercial developments two levels of treatment should generally suffice although there may be a requirement for a third level in areas used for light industry. For areas with a higher risk of pollution, infiltration measures (such as infiltration trenches, basins and soakaways) would not be preferred, and neither would rainwater harvesting (for anything other than grey water use). Some light industrial components such as permanent skip areas, yards with chemical storage, pressure washing areas or fuelling areas are recommended to be connected to the foul sewer. 
Site Characteristics
Using guidance Table 5.3 of The SUDS manual (CIRIA, 2007) the site characteristics at Dunsbury Hill Farm can be assessed. The underlying soils are clay allowing little infiltration, discounting direct infiltration as a SUDS technique for the majority of the site. As this is a large development site, it is important to develop smaller drainage catchments as part of the drainage system. Where possible there should be localised SUDS treatment with areas of less than 2 hectares discharging to a single SUDS component. Steeper slopes limit some SUDS methods such as wetlands or infiltration. Certain SUDS techniques such as swales and ponds require a level of head to operate correctly. Water levels within a metre of the surface will limit the use of permeable paving. At this stage in the masterplanning, there is adequate space for surface SUDS features. Along some parts of the access road however, space is constrained especially when the proposed road is raised on an embankment next to the Hermitage Stream. In these areas the potential for wetlands, ponds and swales is limited. 
Catchment Characteristics
The catchment characteristics include no freshwater fisheries within 1km of proposed discharges, no aquifers used for public water supply, no surface waters used for public water supply, no coastal and estuarine waters within 1km and no formal amenity on receiving waters, There is a requirement on this site to ensure any discharges do not affect restoration of the Hermitage Stream. There is also a requirement for ensuring no increase in run-off rates above existing levels and it may be that some intended uses for the site could require discharge to foul sewer.  
Quantity and Quality Performance
With regard to quantity and quality performance, consideration should be given to the type of pollutant that may be produced by land use on the site and the prevention requirements of the key receptors. The key receptors are the Hermitage Stream and Park Lane Stream. Given the proposed development types at this site consideration of removal of Total Suspended Solids (TSS) and heavy metals would reflect the general type of pollution to be expected. It is recommended that permeable paving and ponds (detention and retention) are considered. It may also be possible to incorporate underdrained swales and bioretention where groundwater levels are 1m or more below the surface.
Community, environmental and amenity performance
The maintenance regime is a key component in the management of this site and would be based on best practice guidance in The SUDS manual or local authority guidance whichever is more stringent. A record of maintenance work should be kept and made available for inspection. Responsibility for SUDS maintenance needs to be agreed. The Highways drainage will be adopted by Hampshire County Council and liaison has been ongoing as part of the design process. It is anticipated that the Business Park drainage will be maintained as a private system, although details of this will be confirmed at the detailed design stage. As no domestic properties are proposed at this site there is little issue with public acceptability.  Users of the site may benefit from SUDS enhancing amenity around the site.  Seating areas, information boards and appropriate health and safety measures should be taken into consideration.  Although by design SUDS are likely to provide some wildlife habitat there is no specific requirement for SUDS to provide additional habitat at the site.  Where planting is undertaken as part of a SUDS feature it is suggested that local plants should be considered and that contact with the local wildlife trust or other environmental bodies should be made to determine what may be the best local planting requirements.  Any local Biodiversity Action Plans should also be considered.   
Conclusions

The overview of the site has shown that the soil type and development size and nature has implications on the SUDS techniques that are appropriate for the Dunsbury Hill Farm development. Two levels of treatment should generally be sufficient except in any areas of light industry, where three may be required. Localised treatment is preferred, requiring the sub-division of the site into smaller drainage catchments. The clayey soils preclude the use of infiltration methods. While there is adequate space on the Business Park site for larger surface attenuation features, space is more constrained along the access road. The responsibility for maintenance of any SUDS features needs to be agreed to ensure the ongoing attenuation of surface water flows and management of flood risk. 
5.6. Proposed Drainage System

An indicative drainage system for the development site is illustrated on Drawing 1 in Appendix A. This shows possible types and locations of SUDS features. Topographical overland flow routes are also marked on this drawing. 
5.6.1.  Access Road
Drainage of the new access road utilises gullies and kerbs in restricted areas and swales and wet swales (with limited planting) in areas with more space available. The land draining the road has been divided into five sub-catchments as follows:

· Catchment 1 – Existing road north and south of the new roundabout access off Hulbert Road in the south-west corner of the development site. Surface water will continue to discharge to the existing drainage system to the south of the roundabout. Attenuation will be provided to ensure that the small increase in hardstanding will not result in an increase in surface water runoff.

· Catchment 2a – New roundabout and bridge approach drained using kerbs and gullies to a swale that outfalls at a natural low point to the Hermitage Stream (outfall 1). The swale will provide both attenuation and pollution control.

· Catchment 2b – New bridge to drain to a swale with a second outfall to the Hermitage Stream.
· Catchment 3 – Road to drain in a westerly direction using swales, kerbs and gullies to a third Hermitage Stream outfall.

· Catchment 4 – Road to drain in an easterly direction in a wet swale that will discharge to the existing Woolston Road sewer. 

These are illustrated on Drawing 1 in Appendix A and in more detail on Drawings 3 and 4. The road drainage will be kept separate to the drainage from the rest of the development site and has been designed to provide sufficient storage to attenuate up to a 1 in 100 year rainfall event with a 30% increase for climate change to the QBAR Greenfield runoff rate of 3.4 l/s/ha. The runoff rate for each of the road sub-catchments has been calculated and discharge from these areas will be restricted to these rates. More detail is provided in Table 6. 
Using Microdrainage Quick Storage Estimator, a standard rainfall profile was applied to the increased impermeable area of the development to determine an estimated storage area required to attenuate the increase in surface water runoff. Table 6 shows volumes of attenuation required storage for various return periods to allow discharges from the proposed site to meet the restricted QBAR Greenfield Run-off Rates. 

	Catchment
	Drainage Area (ha)
	Greenfield Runoff Rate (l/s)
	Storage volume requirement (m3) 
	Receiving Receptor

	1
	0.1
	0.3
	98
	Existing Sewer

	2a
	0.6
	2.1
	394
	Hermitage Stream

	2b
	
	
	179
	Hermitage Stream

	3
	0.5
	1.7
	473
	Hermitage Stream

	4
	0.6
	2.1
	563
	Existing Sewer

	Total
	1.8
	
	1,707
	


Table 6. Access Road Storage Requirements to discharge at the Greenfield Runoff Rate (QBAR)

The proposed swales in sub-catchment 3 and 4 will have to discharge under connector roads. It is therefore proposed that the swale depth and pipe sizing is confirmed prior to construction. In addition to surface water attenuation, the swales can be used to contain any serious spillage by using drop boards or sandbags in a designated area. Drainage maintenance will be provided in accordance with the recommendations in the SUDS Manual (CIRIA, 2007) and local highway authority guidance. All of the highways drainage will be adopted and maintained by Hampshire County Council. This has been agreed with the Council as part of the design process. 
5.6.2. Business Park

An indicative surface water drainage strategy for the business park development has been developed that indicates the form and potential location of attenuation storage, discharge locations and run-off directions in all areas. The level of detail provided is suitable for the outline permission being sought for the current masterplan. At future stages, a more detailed drainage scheme will be designed. 
The development has been divided into 7 sub-catchments, as illustrated on Drawing 1 in Appendix A. Sub-catchments B – G are associated with phase 1 of the development. It is proposed that these areas will drain to permeable paved underground storage facilities and / or a surface drainage pond, with restricted discharge outflows to the on-site drainage ditch and the Hermitage Stream. Prior to construction, the connectivity of the on-site ditch should be fully established to ensure that the capacity of the ditch is not exceeded. Sub-catchment A is associated with phase 2 of the development. It is proposed that this area will drain to one of three drainage ponds with restricted discharge outflows to Park Lane Stream. 
Using Microdrainage Quick Storage Estimator, a standard rainfall profile was applied to the increased impermeable area of the development to determine an estimated storage area required to attenuate the increase in surface water runoff. Table 7 shows volumes of attenuation storage required for various return periods to allow discharges from the proposed site to meet the QBAR Greenfield Run-off Rates. 
	
	Attenuation Volume Required (m3)

	
	Return Period

	
	1
	30
	100
	100 + CC

	Phase 1 (13.2ha) 
	2,666
	6,771
	8,956
	12,491

	Phase 2 (7ha)
	1,414
	3,591
	4,750
	6,625

	Total (20.2ha)
	4,080
	10,363
	13,706
	19,177


Table 7. Business Park Storage Requirements to discharge at the Greenfield Runoff Rate (QBAR)

The maximum attenuation requirement for both phases of the development would be 19,177m3 for the 1 in 100 year event plus a 30% allowance for climate change, when restricted to the Greenfield Run-off Rate of 3.4 l/s/ha. Assuming 1m deep storage, this area is equivalent to approximately 10% of the impermeable area associated with the development. 
Prior to construction of phase 1 of the business park, it is recommended that modelling (for example using Microdrainage software) is used to calculate the attenuation volumes required for storage in each sub-catchment and finalise the drainage strategy for the site. A site management plan should be put in place to ensure the maintenance of the drainage system, using SUDS Manual (CIRIA, 2007) guidance where appropriate. At this stage, it is assumed that the SUDS features will be maintained as part of a private system, although this will be confirmed at the detailed design stage, 
There are a number of different ways in which water efficiency can be achieved. The following are recommended for the site: 
· Use of water butts for landscaping 

· Use of efficient water heating 

· Water efficient fittings in staff facilities including toilets, taps and showers

· Green roofs (particular applicable to smaller offices and would represent a method of source control for SUDS)

Inclusion of these water efficient measures would help to reduce the total surface water and foul flows discharging from the site. 

6. Summary and Conclusions

This Flood Risk Assessment has been undertaken in accordance with PPS25 to support a hybrid Planning Application for the development at Dunsbury Hill Farm. This will include the construction of a new multi-use business park including offices and a hotel, an access road and bridge, and a scheme to restore a reach of the Hermitage Stream. Based on readily available information, two potential sources of flood risk have been identified, namely the change in flood risk from the Hermitage Stream following restoration and construction of a new road bridge, and surface water flooding resulting from surface water runoff.
6.1. Fluvial Flood Risk

The proposed development is located in Flood Zone 1, as defined by the Environment Agency mapping, with a low risk of flooding from both the Hermitage Stream and Park Lane Stream. This assessment has demonstrated that the Business Park and access road will be safe from flooding and will not increase the fluvial flood risk elsewhere.

The proposed bridge over the Hermitage Stream meets and exceeds the Environment Agency requirements for new bridges over main rivers. The free-spanning nature, high soffit level and in-channel flood flows means that the new structure will not impede flood waters, reduce flow conveyance or increase the risk of debris blockage. The bridge is therefore not at risk of flooding and will not increase flood risk elsewhere. 
The proposed river restoration scheme for the Hermitage Stream has the potential to affect flood risk downstream. The existing hydraulic model was modified to simulate the impact of the restoration and the associated change in channel shape and capacity. The modelled flood levels before and after restoration were compared to assess the impact of this aspect of the development. The results suggest that the restoration will not have an impact on the water levels in the Hermitage Stream downstream of the restored reach and through the residential area of Leigh Park. Similarly, there is no significant change in water level upstream of the A3. The results however indicated an increase in water level immediately upstream of the start of the restored reach, by a maximum of 60mm in the 1% AP flood event. 
The river cross sections used in this modelling assessment are based on outline proposals for the restoration scheme. Further consultation with the Environment Agency will be undertaken at the detailed design stage and should the modelled increase in water level be deemed unacceptable, the design proposals can be modified. There is no development in the area affected and water remains contained well within the river channel with no out-of-bank flow. At this outline stage, it is therefore assessed that the water level increase will not result in an increase in fluvial flood risk to people or property.

6.2. Surface Water Flood Risk

This assessment has conservatively estimated that the development will result in the creation of approximately 22ha of new impermeable surfaces on an existing Greenfield site. This consists of 1.8ha for the access road, and a maximum of 13.2ha for phase 1 of the Business Park and 7ha as part of phase 2. The QBAR Greenfield runoff rate has been calculated as 3.4l/s/ha. Without mitigation, development on the site will result in an increase in the rate and volume of surface water runoff and hence increases in the surface water flood risk. 
In line with PPS25 and Environment Agency requirements, an outline surface water management scheme has been proposed for the site that provides attenuation to ensure discharges from the site are restricted to the QBAR Greenfield runoff rate. A consideration of the site, land use and catchment characteristics identified a number of constraints on the selection of appropriate SUDS techniques. These included the impermeable clay geology, light industrial land use, and large site necessitating division into smaller drainage catchments. 
An outline drainage scheme has been proposed that includes the use of gullies, kerbs and swales to drain the access road and permeable paved underground storage and surface attenuation ponds to drain the Business Park. Where possible, water efficiency measures will be incorporated into the design. The maximum storage requirement would be 1,707m3 for the road and 19,177 m3 for the Business Park for the 1 in 100 year event plus 30% for climate change when restricted to the Greenfield run-off rate of 3.4l/s/ha.
This assessment has demonstrated that a scheme is feasible on site and the provision of mitigation will ensure there will be no increase in the risk of surface water flooding to the development or the surrounding waterbodies as a result of this development. The proposed drainage scheme will also provide surface water quality treatment and biodiversity benefits. 

6.3. Application of the PPS25 Sequential and Exception Tests

Section 2 provided an overview of the PPS25 Sequential and Exception Tests, which are applied to the proposed development in this section. The proposed development is located in Flood Zone 1, with a low risk of fluvial flooding and therefore meets the principles of the Sequential Test. The development has been allocated as a strategic site in Havant Borough Council’s Core Strategy (Havant Borough Council, 2011) and is recognised as a key strategic employment site with wider sustainability benefits. This FRA has also demonstrated that the development will be safe, without increasing flood risk elsewhere. It therefore meets the conditions of the Exception Test. 
6.4. Environment Agency Consent

The Environment Agency has a regulatory role in issuing consents for various activities that may have an impact on the environment. For this development, the following consents will be required prior to the start of construction:
· Flood Defence Consent for works on and over the Hermitage Stream; designated as a Main River. This includes the new bridge crossing for the access road and the river restoration scheme. 
· Land Drainage Consent should it be necessary to culvert the on-site drainage ditch as part of the Business Park development.
6.5. Conclusion

It is considered that the proposed Dunsbury Hill Farm development satisfies the requirements of PPS25, is appropriate for the level of flood risk and will not increase flood risk at the site or in the surrounding area. 
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Appendix A. Development Drawings
List of Drawings
1. Indicative Development proposals including site drainage
2. Hermitage Stream proposed bridge

3. Access Road General Arrangement 1

4. Access Road General Arrangement 2
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