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1 Context

The North Northants Detailed Water Cycle Strategy was commissioned by North Northants Development Company and has been produced by Halcrow Group Ltd.  The project is managed by North Northants Development Company in partnership with North Northants Joint Planning Unit, Anglian Water and the Environment Agency.

The purpose of the North Northants Detailed Water Cycle Strategy is twofold.  Firstly, to identify the water services infrastructure requirements to support the levels of growth identified within the North Northants Core Spatial Strategy.  Secondly, to provide a framework for the ongoing detailed technical work and delivery programme needed to achieve these requirements.

The strategy outputs are portrayed for general use through the interactive PDF, which provides a comprehensive, non-technical summary of the Strategy.  These accompanying technical sections have been produced to support the interactive PDF by making available the detailed technical information used in the development of the Strategy, to inform any parties requiring further detail.

In total there are six supporting technical sections, covering the 6 key aspects of the urban water cycle in relation to planned growth, as follows:

•
Planning and Development;

•
Flood Risk Investigation Report;

•
Water Resources;

•
Water Supply Infrastructure;

•
Wastewater and Water Quality;

•
Ecological Appraisal.

These sections provide detailed information regarding data used for analysis, methodologies applied, results of technical analysis, discussion of results and conclusions drawn.  The outputs of the sections have been used to generate the content of the non-technical summary provided in the interactive PDF.

The interactive PDF of the North Northants Detailed Water Cycle Strategy can be found via the Halcrow Sharepoint website: http://halcrow.com/sharepoint/. 
2 Executive Summary

The Milton Keynes and South Midlands growth area includes North Northamptonshire, in which major floods have occurred within recent history.  There is a need for development to be managed through the planning process in order to avoid construction in high flood risk areas, to prevent any increase in flood risk to existing properties, and to identify strategic measures for managing surface water run-off and reducing flood risk at the catchment scale.   

2.1 Avoiding development in high flood risk areas  

The most severe source of flood risk in North Northamptonshire is from rivers.  Comparison of proposed development against the Environment Agency flood zone maps shows that the majority of the proposed development sites are at a low risk of flooding.  

All developments must be accompanied by site-specific flood risk assessments at the planning application stage to satisfy the requirements of Planning Policy Statement 25.  These must show that the vulnerability of the proposed land use and site layout is appropriate to the flood risk.  It is recommended that new developments should be protected to the 0.5% (1 in 200 year) standard at minimum.  

The most frequent flood risk in North Northamptonshire is from surface water run-off, including urban sewer overloading.  There is little information on the risk of surface water flooding in the region and developing models of overland flow pathways is beyond the scope of this study.  Instead, it is recommended that the local authorities commission Surface Water Management Plans for major urban areas.     

2.2 Preventing increase in flood risk to existing properties 

Increased surface water from developments can have a detrimental effect on flood risk to existing properties, by increasing both the volume and rate of runoff.  Planning Policy Statement 25 requires that these effects be mitigated by developers through Sustainable Urban Drainage Systems.  Outline calculations indicate that around 1,400,000m3 surface water storage would be needed in the North Northamptonshire region in order to mitigate the effects of development on flood risk.      

2.3 Strategic measures for managing runoff and flood risk

The Environment Agency and local councils wish to avoid a proliferation of small on-site balancing ponds whose cumulative effects on river flows is unknown and for which the responsibility of future maintenance is unclear.  Strategic flood mitigation measures are recommended for Slade Brook, Harrowden Brook, Swanspool Brook and Alledge Brook.  On-site attenuation and urban drainage plans are recommended for Wellingborough, Rushden, Higham Ferrers, Irthlingborough and Raunds.  Figure 2.1 summarises the management principles for the North Northamptonshire region.  
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Figure 2.1: Flood Management Strategy for North Northamptonshire
3 Introduction

Major floods have occurred in North Northamptonshire within recent history, including Easter 1998 and June 2007.  The Water Cycle Strategy aims to help the local planning authority appraise, manage and reduce the risk of flooding in North Northamptonshire through sustainable development.  This approach supports the aims of Planning Policy Statement 25 (PPS25), which requires that flood risk and the potential effects of climate change are taken into account at all stages in the planning process. 

Following the summer floods in 2007, the government commissioned an independent review of flood emergencies.  The final report Learning lessons from the 2007 floods by Sir Michael Pitt was published in June 2008 and includes a number of recommendations for managing future flooding incidents.  These have been taken into account in the preparation of this report.     
The North Northamptonshire region is drained by two main water courses: the River Nene, which flows from Northampton in a northeast direction to Peterborough; and the River Welland, which flows along the northwest boundary of the study area.  There are no significant growth areas within the River Welland catchment, and therefore the River Welland catchment is not considered further in this study. 
3.1 Objectives and Approach
The Phase 1 Water Cycle Strategy recommended that a strategic approach should be developed for flood risk management across the North Northants area, with particular consideration given to the timing of storage and release of water and the cumulative impacts of development. 

The Phase 2 Water Cycle Strategy has the following objectives for flood risk management: 
· To determine existing flood risk across the catchment, from all sources of flooding, and to identify an appropriate standard of protection for new development. 

· To investigate the potential cumulative effects of development on flood risk. 

· To identify and appraise strategic solutions to mitigate the effects of development and improve flood risk protection standards in the study area, taking into account the potential effects of climate change and the residual risks of flooding, e.g. from a sequence of rainfall events. 

· To provide guidance on the implementation, application and management of proposed solutions. 
A number of hydraulic models of the watercourses in North Northamptonshire have previously been constructed for investigating flood risk issues.  Where available, these were used to assess the potential impacts of development and opportunities for strategic flood risk mitigation measures.  In other areas, broad scale hydrologic estimates were used to evaluate flood risk issues at an overview level, making recommendations for further detailed work where necessary. 

The Water Cycle Strategy is not intended to replace site-specific flood risk assessments by developers.  Instead, it identifies the potential for developers, local planning authorities and the Environment Agency to work together in providing strategic solutions that benefit the catchment as a whole.    

3.2 Flood Likelihood 
Throughout this report, standards of flood protection are referred to according to the probability of flooding occurring in a location in one year.  A standard of protection to the 1 in 100 year event means that the location has a 1% chance (1 in 100) of flooding in any year.  This does not mean that if the location floods one year, it will definitely not flood again for the next 99 years, nor that if it has not flooded for the previous 99 years, it will definitely flood this year.      

4 The River Nene Catchment

The River Nene flows in a north-easterly direction from Northampton to Peterborough, draining a catchment of  1711 km2, including the major urban areas of Wellingborough, Kettering and Corby (Figure 3.1).  Peterborough marks the limit of the natural catchment; downstream the river is embanked as it flows across the Fens to Wisbech and the Wash. 
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Figure 3.1: Main River watercourses and urban areas for the River Nene upstream of Peterborough.
North Northants lies in the centre of the River Nene catchment (Figure 3.2).  This gives the District Councils both responsibilities and vulnerabilities in water management.  The District Councils have a responsibility for preventing development from altering river flows and increasing flood risk downstream in Peterborough and the Bedford Levels.  However, the region is itself vulnerable to changing flood risks as a result of river management upstream in Northampton.
The North Northants District Councils have taken a partnership approach to managing flood risk within their administrative area.  It is recommended that this partnership approach is extended to the adjoining district and borough councils to ensure a consistent approach to managing flood risk is taken throughout the River Nene catchment, that takes into account upstream and downstream links between administrative regions.     
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Figure 3.2: North Northamptonshire district councils in relation to the River Nene catchment and Main River watercourses.  
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Figure 3.3: Main rivers within the North Northamptonshire region. 
4.1 Existing Flood Management Strategies

Flood management in the River Nene catchment is informed by a number of high-level documents.  The flood management policies identified in each document provide a framework for this study and are summarised below.

4.1.1 Strategic Review of Development and Flood Risk for the Nene Catchment Northampton and Upstream (Environment Agency, 1999)
This document was prepared in response to the Easter 1998 flood event.  The document sets out principles, practice and technical reasoning for ensuring that future development in the Upper Nene catchment reduces flood risk downstream rather than increasing it.  A 1 in 200 year standard of flood protection is recommended for the Northampton catchment and guidelines are given for the sizing of surface water storage facilities to take into account a sequence of flood events.  The review also requires major developments to incorporate flow gauging facilities in order to monitor impacts on surface water run-off.   

4.1.2 The North Northamptonshire Flood Risk Management Study (Environment Agency, 2007)

The FRMS draws together the findings of individual Strategic Flood Risk Assessments (SFRAs) for each of the Boroughs in the North Northamptonshire region  (Corby Borough Council Strategic Flood Risk Assessment Stage 1, 2004; Kettering and Wellingborough Strategic Flood Risk Assessment Stage 2 Report, 2005; East Northamptonshire Council Strategic Flood Risk Assessment Stage 2 Report, 2006), and evaluated them against the requirements of PPS25.  The report concluded that further work was required to address the potential effects of climate change, to map all sources of flooding in more detail, and to map the functional floodplain.  
With regards to development, the report recommends the development of a robust flood risk management strategy to address additional runoff and residual flood risk issues in North Northamptonshire.  The FRMS advocates a strategy that: 

· Prioritises strategic flood management measures over individual site measures where possible;

· Implements strategic flood risk mitigation measures in advance of proposed developments, in order to obtain financial contributions to long-term maintenance through Section 106 agreements; 

· Restores land to natural floodplain where opportunities allow and maximises use of existing natural floodplain storage;

· Incorporates SUDS within strategic and local green corridors where possible;

· Identifies locations of known surface water flooding problems from sewers and overland flow routes and uses development proposals as opportunities to resolve these problems. 

These recommendations have been incorporated into the strategy proposed by this WCS.

As the FRMS shows that the SFRAs produced by each local authority do not fully meet the requirements of PPS25, it is recommended that an update to the SFRAs is commissioned by the local authorities.  This could be in the form of a joint North Northants SFRA.    

4.1.3 The River Nene Catchment Flood Management Plan (Environment Agency, 2008)
A Catchment Flood Management Plan (CFMP) is in preparation for the River Nene basin (River Nene Catchment Flood Management Plan, Draft 10.0, December 2008).  The aim of CFMPs is to identify policies for managing flood risk in a sustainable manner over the next 100 years, taking into account the effects of changes in climate and land use. The policies identified in the River Nene CFMP have been used to inform the flood risk management strategies investigated in this Water Cycle Strategy and are summarised in Table 3.1.
4.2 Recent Flood Alleviation Studies

A number of recent investigations have examined flood mitigation options in the North Northamptonshire region.  These have been used to provide information on the potential improvement works and their benefits and are summarised in Table 3.2.

A Water Cycle Strategy was also recently completed for the Corby district (Corby Phase 2 Water Cycle Strategy, 2006). This report examines flood risk issues for Corby in detail in the context of proposed developments, and proposes a schedule of mitigation works to mitigate the effects of development and climate change.  As a result, flood risk issues for all developments in the Corby district have not been considered further in this study.  For reference, the Corby timeline and flood mitigation works are included in Figure 3.4 and Table 3.3. 

	Location
	Policy
	Recommended Actions

	River Nene corridor (Policy Unit 6)
	Take action to increase the frequency of flooding to deliver benefits locally or elsewhere, which may constitute an overall risk reduction e.g. for habitat inundation (Policy P6). 
	Increase floodplain storage along the River Nene and River Ise, to the benefit of areas downstream.  Implementation should be promoted and funded through development.  

	Kettering (Policy Unit 8)
	Take further action to sustain the current level of flood risk into the future (Policy P4). 
	Increased floodplain storage on Slade Brook to offset the effects of climate change and development.  Further investigation is needed into urban drainage issues.   

	Wellingborough (Policy Unit 10)
	Take further action to sustain the current level of flood risk into the future (Policy P4).
	Increased floodplain storage on the River Nene and River Ise corridors, as well as on the Kislingbury Nene upstream of Northampton, to offset the effects of climate change and development. Further investigation is needed into urban drainage issues.      

	Rushden & Raunds (Policy Unit 11)
	Take further action to sustain the current level of flood risk into the future (Policy P4).
	Present defences should be maintained and enhanced, for example, de-culverting watercourses.  Urban drainage issues require further investigation.  

	Thrapston (Policy Unit 12)
	Continue with existing or alternative actions to manage flood risk at the current level, accepting that flood risk will increase over time (Policy P3). 
	The increasing residual risk for Thrapston is likely to be offset by the adoption of Policy P6 elsewhere. 


	Barnwell (Policy Unit 13)
	Continue with existing or alternative actions to manage flood risk at the current level, accepting that flood risk will increase over time (Policy P3).
	Maintenance efforts should be focussed on the existing flood storage reservoir which is the primary control on risk in this policy unit.  Future changes in flood risk will be monitored and further action needs to be reviewed.    

	River Nene Oundle to Water Newton (Policy Unit 14)
	Continue with existing or alternative actions to manage flood risk at the current level, accepting that flood risk will increase over time (Policy P3).
	The increasing residual risk due to development and climate change is likely to be offset by the adoption of Policy P6 elsewhere.  Increasing flood storage in this area was found to increase flooding downstream due to the relative timings of tributary flood peaks. 

	Upper Nene and Middle Nene catchment (Policy Unit 1)
	Reduce existing flood risk management actions, accepting that flood risk will increase over time (Policy P2). 
	Continue to maintain existing flood defences but reduce maintenance elsewhere, allowing channel roughness to increase along with an increase in flow due to climate change. 


Table 3.1: CFMP flood management policies for units within the North Northants district.  

	Watercourse
	Study

	Slade Brook, Kettering
	Pre-Feasibility Study for Kettering (Environment Agency, 2004)

This study found that standards of flood protection were 1 in 25 years from Slade Brook.  This protection was due to the unintentional storage of water upstream of the railway embankment at Furnace Lane.  This storage may be causing structural damage to the embankment and it is likely that the existing undersized culvert will need to be replaced.  If the culvert was enlargened, it is likely that flood protection downstream would decrease.  A flood storage facility upstream of the railway culvert was therefore proposed, to relieve pressure on the railway embankment and improve standards of flood protection to 1 in 75 years. 

	Slade Brook, Kettering
	Hydrological Assessment of Slade Brook Flood Detention Reservoir (Kettering Borough Council, 2006)

This report examined the effects of the reservoir at Kettering Leisure Village on flood attenuation.  Despite the reservoir being designed for the 1 in 50 year event, it was found that the reservoir offers little attenuation even in the 1 in 5 year event. 

	River Ise, Wellingborough
	Pre-Feasibility Study for Wellingborough (Environment Agency, 2004)
This study found that Wellingborough is largely protected from flooding from the River Ise by the railway embankment running between the river and the town.  Only isolated pockets of industrial development were at risk of flooding, with a standard of protection of approximately 1 in 50 years.  This could be improved to 1 in 75 years by an attenuation scheme upstream on Slade Brook.   


	Watercourse
	Study

	Harrowden Brook, Wellingborough
	Land Development at Redhill Farm (Wellingborough Borough Council, 2002) 

This study investigated the operation of two existing flood storage reservoirs on Harrowden Brook.  The study found that the Finedon Road reservoir had a 1 in 25 years standard of protection, while flows did not enter the Harrowden Road reservoir even in the 100 year event.  This was because the Harrowden Road reservoir was designed to ameliorate the effects of planned development which was never constructed.  As a result of the study, works were done on the Harrowden Road reservoir to better utilise the storage in a range of flood return periods.  Flood maps were updated in the Kettering and Wellingborough SFRA (Kettering & Wellingborough District Councils, 2005) to reflect the improved defences. 

	Swanspool Brook, Wellingborough 
	Pre-Feasibility Study for Swanspool Brook (Environment Agency, 2004)
This study examined flood risk protection in the catchment and options for flood mitigation works.  The study found that the standard of flood protection for the village of Wilby was approximately 1 in 65 years, and for Wellingborough approximately 1 in 75 years.  Flooding in Wilby occurred when water in Swanspool Brook accumulated upstream of the A509 bridge.  In Wellingborough, flooding occurred from both high water levels and surface water unable to discharge into the river.  The report concluded that the most economic scheme was to maintain the system as existing, with improvement works on the surface water drainage system (e.g. adding flaps to outfalls).   


Table 3.2: Recent flood alleviation studies in North Northamptonshire. 

[image: image2]
Figure 3.4: Timeline for flood risk infrastructure proposed by the Corby WCS. 

	No.
	Site 
	Description
	Inter-dependencies
	Cost (£k)

	Note that land purchase costs are NOT included

	1
	Entire Corby
	Remove debris and maintain system
	None
	N/A1

	2
	Gretton FSR
	Maintain
	None
	N/A1

	3
	Weldon FSR
	Excavation to increase storage
	1
	2,531

	4
	A427 Forest Lodge
	Flood Storage Reservoir (excavate)
	1
	446

	5
	Harper’s Brook north)
	Flood Storage Reservoir (embanked)
	1
	1,943

	6
	Cottingham Road/ Hospital
	Excavation to increase storage and throttle 
	1
	497

	7
	Willow Brook Central east
	Improve channel conveyance
	1, 3, possibly 9
	See Note2

	8
	Oakley Road FSR
	Excavation to increase storage
	1
	2,382

	9
	Weldon 
	Channel enlargement/ maintenance (downstream of Weldon Flood Storage Reservoir to Deene Park Lake)
	1
	1,725

	10
	Culvert d/s STW
	Provide additional culvert
	3 and 9
	1,169

	11
	Gainsborough School
	Flood Storage Reservoir (excavate)
	1
	493

	12
	Cottingham Lane Football Ground
	Lower football fields to increase storage
	1
	1,689

	13
	Harper’s Brook southern
	Flood Storage Reservoir (embanked)
	1
	330

	14
	The Jamb Park
	Increase capacity
	1
	497

	15
	Beanfield Lawn Farm Cottages
	Flood Storage Reservoir (excavate)
	1
	299

	16
	Pen Green Lane
	Storage tank with pumped exit
	1
	See Note2

	17
	Willow Brook north
	Channel enlargement
	1 and 16
	See Note2

	18
	Willow Brook Central west culvert
	Cascade down old cutting and new channel
	1, 3, 9, 10 and 17
	1,073

	19
	Old Sediment Tanks
	Create Flood Storage Reservoir
	1
	See Note2

	20
	Deene Park Lake
	Increase capacity and new outlet
	1
	See Note2

	Alternative mitigation (21 would supersede 16 above)

	21
	Pen Green Lane
	Enlarge embankment
	1
	See Note2

	TOTAL
	15,073


Table 3.3: Flood mitigation works proposed by the Corby WCS
5 Development and Existing Flood Risk

Flooding can occur from a range of sources, including rivers, the sea and tidal estuaries, groundwater, surface water runoff (overland flow) and sewers, reservoirs, canals and lakes.  In North Northants, the most extensive flooding occurs from rivers.  However, the most frequent flooding occurs when surface water flooding as a result of overloading of urban drainage systems. Flood risk assessments need to take into account all possible sources of flooding and their consequences for development proposals. 
5.1 The Sequential Approach

PPS25 aims to steer development away from flood risk locations, through use of a sequential approach.  Preference should be given to locating new development in areas at low risk of flooding.  The sequential approach should be applied at all stages of planning.  

The aim of this WCS is to identify flood risk to the proposed developments at the broad scale to support the JPU in applying the sequential approach to allocating development sites.  Developers will need to prepare site-specific flood risk assessments that meet the PPS25 Sequential Test and apply the sequential approach to proposed site layout.   

5.2 Standards of Flood Protection
For new properties, the minimum acceptable standard of protection against flooding for new property is to the 1 in 100 year (1%) event from river flooding, including an appropriate allowance for climate change (Development and Flood Risk Practical Guide Companion to PPS25, Department for Communities and Local Government, 2007).  Where a higher standard of protection can be achieved for little extra cost, then such opportunities should always be taken.  This should be assessed by examining the incremental cost-benefit provided by higher standards of protection.  For the River Nene in Northampton, the Strategic Review of Development and Flood Risk for the Nene Catchment Northampton and Upstream (Environment Agency, 1999) recommended that a 1 in 200 year standard of protection should be adopted for new developments in the upper Nene catchment for flooding from rivers.  A 1 in 200 year standard of protection has also been made recommended by the East Northants Council local development plans (e.g. the Rural North, Oundle and Thrapston Plan).        

For existing developments, acceptable standards of protection are less well defined.  In the UK there is no legal right to any particular standard of protection from flooding from rivers.  The Defra indicative standards for flood defence relate standard of protection to intensity of land use, recommending a 50 – 200 year protection for the most intensely developed urban areas (Table 4.1).  However these do not represent any entitlement to protection or minimum level to be achieved. 

Standards of flood protection must also be informed by the stance of the United Kingdom insurance industry.  Insurance companies are not obliged to provide flood insurance, and it is possible that insurance cover will not be available on all properties in flood risk areas.  The Association of British Insurer’s Statement of Principles (2006) commits to provide flood cover as a standard feature to existing properties protected to the 1 in 75 year (1.3%) event from fluvial flooding.  Where this level of protection is not available, insurance will be maintained provided improvements in flood protection schemes to this standard are completed within the next five years.  Where no improvements in defences are planned, insurance may be maintained on a case-by-case basis.

	Land use band
	Housing units per km of river bank
	Description
	Return period of river flooding (years)

	A
	≥50
	Intensively developed urban areas at risk from flooding.
	50-200

	B
	≥25 to <50
	Less intensive urban areas with some high grade agricultural land and/or environmental assets of international importance requiring protection.
	25-100

	C
	≥5 to <25
	Large areas of high-grade agricultural land and/or environmental assets of national significance requiring protection, with some properties also at risk, including caravans and temporary structures. 
	5-50

	D
	≥1.25 to <5
	Mixed agricultural land with occasional, often agriculturally related, properties at risk.  Agricultural land may be prone to flooding, water-logging or erosion.  May also apply to environmental assets of local significance. 
	1.25-10

	E
	>0 to <1.25
	Low-grade agricultural land, often grass, at risk of flooding, impeded land drainage or erosion, with isolated agricultural or seasonally occupied properties at risk, or environmental assets at little risk from frequent inundation. 
	<2.5


Table 4.1: Indicative standards of protection for different land uses, taken from Defra FCDPAG 3.   

It will not be possible to provide a consistent standard of protection to all new and existing properties across the North Northants region.  This was demonstrated in the Corby Water Cycle Strategy, where flood incident management techniques were proposed for those areas where the standard of flood protection could not be economically raised to 1 in 100 year standard.  

The following guidelines for standards of protection are recommended for the North Northants region: 

· New development in the region should be protected to the 1 in 200 year standard of river flooding (including an allowance for climate change) in order to provide a consistently high standard of protection to new properties across the River Nene catchment.  This standard is already recommended in Northampton and East Northamptonshire.  Where this standard is not feasible (e.g. in Corby), developers must provide justification for lower standards of protection.  The starting position of a 1 in 200 year standard should be adopted in the local DPDs to give a legal status to the requirement.  Where new development is to be defended to a 1 in 200 year standard, surface water drainage on the site and from any future developments upstream should be attenuated to the same return period in order to maintain the standard of protection.        

· Where strategic flood risk mitigation measures are possible, these should aim to provide protection to existing properties to the 1 in 75 year standard of river flooding or better. 
5.3 Flooding from rivers

Rivers flood when the amount of water in them exceeds the flow capacity of the channel.  The Nene catchment includes a range of river flooding patterns.  The smaller steeper tributaries, such as Willow Brook, have a more rapid onset of flooding, with deep and fast flowing water as a result of the narrow valley widths.  These floods happen quickly and may only last a few hours.  In contrast, flood levels in the larger rivers, such as the River Nene, rise more slowly, but can inundate their wide natural floodplains with large volumes of water for several days.  
5.3.1 Maintenance Responsibilities

Flooding from rivers may also occur when channels, culvers or bridges become blocked by debris.  Channel maintenance is therefore a critical activity for maintaining and improving flood protection standards.  The responsibilities of the land owner, the Environment Agency and other organisations for channel maintenance are explained in the Environment Agency booklet ‘Living on the edge’ and are summarised below: 

· The Environment Agency have powers to maintain and improve ‘Main River’ watercourses.  These powers are permissive, and do not oblige the Environment Agency to carry out maintenance or new works.  A key recommendation from the Pitt Review is that the Environment Agency should publish its schedule of works in order to ensure that the maintenance work they perform is recognised by local communities.  
· Internal Drainage Boards and Local Authorities have permissive powers for maintaining and improving ‘ordinary watercourses’.  There are no Internal Drainage Boards in the North Northants region, and therefore Kettering, Wellingborough and East Northants District Councils are the drainage authorities for ordinary watercourses in the study area.    

· The ultimate responsibility for maintenance of watercourses and banks lies with the land owner.  This includes an obligation to maintain and operate any river control structures owned, such as mills, dams and weirs.  Land owners require a flood defence consent from the Environment Agency for works in, over, under or adjacent to main rivers. 

It is recommended that where developments include watercourses within the site boundaries, costs for future maintenance should be included in the development and transferred to the local authority or other suitable private company responsible for managing drainage arrangements under INSET arrangements, to resolve the riparian landowners’ responsibility to ensure ongoing maintenance of the watercourse. 
5.3.2 Flood Risk Maps
Information on flood risk from rivers in North Northants has been drawn from the Environment Agency Flood Zone Maps and the SFRA Flood Risk Maps.  The Environment Agency maps divide land into four flood zones according to the probability of flooding from rivers or sea, shown in Table 4.2.  The SFRA maps also classify land into these flood zones, but the maps produced may be different to those of the Environment Agency. The differences may be attributed to the different methodologies used, in particular, the Environment Agency maps show flood risk without  the effects of existing defences included.
When assessing flood risk and location of new developments, PPS25 requires that the Environment Agency ‘without defences’ flood maps are used, and therefore these have been used to evaluate development locations in this study.  The majority of the proposed development areas fall within Environment Agency’s Flood Zone 1 and are therefore considered to be at low risk.  The exceptions are shown in Appendix A and summarised overleaf. 

	Flood Zone
	Probability

	1 (Low Probability)
	Less than a 1 in 1000 (<0.1%) annual probability of river or sea flooding in any year.

	2 (Medium Probability)
	Between 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% – 0.1%) in any year.

	3a (High Probability)
	A greater than 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.

	3b (Functional Floodplain)
	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


Table 4.2: PPS25 flood zones.   

Kettering District 

· Northfield Avenue (8.71 ha) and Western Quarter (4.2 ha), Kettering Town Centre, lie within the Environment Agency Zone 3 for Slade Brook.  These areas are only partially within the SFRA Zone 2 due to the presence of defences.   

· The East of Kettering site (4,000 – 6,000 homes) includes an area of Environment Agency and SFRA Zone 3 for Alledge Brook.  
Wellingborough District 

· The North West of Wellingborough site (2,300 homes) includes an area of Environment Agency Zone 3 for Harrowden Brook. The site is also shown as including areas of the SFRA Zones 2 and 3.  

· The Wellingborough East site (3,100 homes) includes a large area within Environment Agency Zones 2 and 3 for the River Ise and River Nene.  These areas are also within the SFRA flood zones, indicating that the site is not protected by existing flood defences. 
· Wellingborough Town Centre includes an area within the Environment Agency Zones 2 and 3 for Swanspool Brook. GIS site outlines were not available, but examination of the town centre plan indicates that part of ‘Site J’ is within the floodplain.  This site is designated a ‘cultural quarter’ with commercial and leisure properties on the ground floor and possibly residential properties on the upper floors.  Policy 10 of the plan states that “appropriate flood protection measures as advised by the Environment Agency” will be included in the development.  Should upper floors be developed for residential purposes, safe access routes must be provided to higher ground in the event of a flood. 

East Northants District

· Three sites in Rushden lie within or near Flood Zones 2 and 3 for the River Nene and Skew Bridge Dyke: West of Duck Street, a 9.6 ha site near Foxhill Farms, and the Skew Bridge (3.53 ha) site adjacent to the A45.  The exact outline for the West of Duck Street site is not known at this stage.

· West of High Street, Raunds, lies within the Environment Agency Zone 3 for Raunds Hog Dyke.  The SFRA flood zones extend further through Raunds and suggest additional developments on the northern edge of the village may be at risk, although outlines for these developments indicated in the Raunds local plan were not available for this study.  

· Scotts Timber and Bridge Street (130 dwellings), Thrapston, lie within the within the Environment Agency’s zones 2 and 3, and partially within the SFRA zones 2 and 3 (exact development outline unknown at this stage). 

· St Peter’s Road and Riverside Hotel, Oundle, lie within the Environment Agency’s zones 2 and 3, and the SFRA zones 2 and 3 (exact development outline unknown at this stage).           
All developments which lie in the Environment Agency Flood Zones 2 and 3 must be accompanied by site-specific flood risk assessments at the planning application stage to satisfy the requirements of PPS25.  For developments in Zone 1 greater than 1 hectare in size, a flood risk assessment is also required in order to identify opportunities to reduce the probability and consequences of flooding.  All sites must also pass the Sequential and Exception Tests as appropriate. 
5.4 Flooding from surface water runoff 
Flooding from surface water runoff (water flowing overland towards the river channels) can occur during intense rainfall storms, when the rate of rainfall is faster than the ability of water to soak into the ground.  The direction and depth of flow is strongly influenced by topography, and flooding can occur in local low-lying areas.  In urban areas, surface water flooding can occur when sewers are overwhelmed by heavy rainfall or become blocked.  When flooding occurs from combined sewers containing both surface and waste water, there is a high risk of pollution of rivers and flooding of land and properties by water contaminated with raw sewage.  

The Environment Agency and SFRA flood zones and maps do not show flooding from sources other than rivers.  Records on surface water flooding and sewer flooding are available from Anglian Water, but not all sewer flooding is reported, particularly in remote areas. Incidents of previous surface water flooding include at Kettering, Geddington and Oundle.  Sewer flooding is an indication of under-capacity in the existing system.  Additional surface and waste water due to developments could exacerbate existing flood risk from sewers.  In these cases, developments should be preceded by improvements to existing systems, to mitigate any effects on flood risk.  This is discussed in more detail in the Wastewater Technical Report of the North Northants Water Cycle Strategy. 

A broad-scale analysis of the potential for surface water flooding was undertaken in the River Nene CFMP by considering soils and urban areas.  This analysis indicates high risk of surface water flooding in large urban areas and in locations where there are deep clay soils.  However the analysis is not detailed enough for evaluation of risk to individual development sites.    
Surface water flooding is an increasing concern and is highlighted in the Pitt Review as a critical area for further studies.  The Pitt Review recommends preparing Surface Water Management Plans (SWMPs) for urban areas where surface water flooding is a concern.  The scope and approach for SWMPs is currently being developed, however it is anticipated that they will involve 2-D flow routing that couples the sewer and river systems with overground pathways.  This level of detailed modelling is beyond the scope of this WCS, but areas which might benefit from SWMPs are identified below: 

· Kettering;

· Wellingborough;

· Rushden, Higham Ferrers and Irthlingborough (the Three Towns), for which an outline SWMP is currently being prepared by Halcrow Group Limited;

· Raunds, for which an outline SWMP is currently being prepared by Halcrow Group Limited. 

5.5 Flooding from groundwater
Groundwater flooding can occur in low-lying areas underlain by permeable rocks (aquifers), when groundwater levels rise above surface elevations.  Groundwater flooding is often indistinguishable from the effects of fluvial flooding and therefore the recording of groundwater flooding tends to be inconsistent and unreliable.  However, one recent event is recorded in August 2004, when flooding affected 16 properties in Glapthorn and Oundle.  
As the North Northamptonshire region is not underlain by any major aquifers, the catchment does not have any groundwater emergence zones identified by Defra, nor is it shown as being at risk of groundwater flooding on the British Geological Society Groundwater Flooding Hazard maps.  Nevertheless, there are a number of recognized minor aquifers in the area which contribute to river supply and are used locally for small scale water supply.  An analysis of groundwater flood risk was undertaken in the River Nene CFMP.  This identified most major urban areas as having a moderate potential for groundwater flooding.  Areas with a high groundwater flooding potential included Thrapston and the floodplain downstream of Oundle.  

Flood risk from groundwater sources is not considered further at a strategic level in this Water Cycle Strategy.  However, site-specific flood risk assessments for each development should consider in more detail the risk of localised groundwater flooding to sites, through analysis of the local geology and topography.
5.6 Flooding from artificial sources

Flooding from reservoirs, canals and other artificial sources can occur as a result of the facilities being overwhelmed and/or dam or bank failure. Breaching of storage facilities where water is retained above natural ground level can result in rapidly flowing deep water posing a significant risk to life and property.  
5.6.1 Artificial sources within North Northants

There are two large artificial structures within the North Northants region: Thorpe Malsor and Cransley reservoirs, situated in the headwaters of Slade Brook approx. 2 km west of Kettering.  These are disused public water supply reservoirs which are now used for recreation purposes.  A breach of the reservoir embankments would result in flow across rural land, underneath the A14 and towards the Gipsy Lane area of Kettering.  There are no proposed developments located in this flow path.     

There are also numerous minor flow storage facilities associated with individual developments and flood attenuation schemes, including the Slade Brook Detention Reservoir at Kettering Leisure Village.  A recent assessment of this reservoir showed that the a potential breach of the embankments could occur in the 1 in 10,000 year event leading to major flooding downstream (Hydrological Assessment of Slade Brook Flood Detention Reservoir, Draft Report, Kettering Borough Council, July 2006).  There are no proposed developments located immediately downstream of this reservoir.  If the flood waters reached the River Ise, there is ample floodplain storage available to contain flows and mitigate any flood risk to development in Wellingborough.  
5.6.2 Artificial sources outside North Northants

Outside of the region, major artificial structures include the three large public water supply reservoirs of Pitsford Water, Grafham Water and Rutland Water.  Breaches from Grafham Water and Rutland Water would flow away from North Northants into Diddington Brook and the River Gwash respectively, and pose no risk to development in North Northants.  Pitsford Water is situated on the Brampton branch of the River Nene upstream of Northampton and therefore could pose a risk to developments on the banks of the River Nene in Wellingborough and downstream, as could Sywell Reservoir near Ecton.  However, the floodplain of the River Nene between Northampton and Wellingborough is wide and would attenuate any breach flows.  Flow would also be restricted by the numerous bridges across the river and floodplain.

5.6.3 Re-classification of Reservoirs        
The Reservoirs Act 1975 provides the legal framework to ensure the safety of all UK reservoirs that have a capacity of 25,000 m3 or more water above the natural ground level. Ultimate responsibility for reservoir safety lies with the Undertaker (the owner or operator of the reservoir), while the Environment Agency is responsible for ensuring that the Undertakers observe and comply with the requirements of the Act.  Where a breach could endanger lives in a community, the reservoir is classed as a Category A and must have a minimum standard of protection to the 1 in 10,000 year flood.   
Should new development be located downstream of a reservoir controlled by the Reservoirs Act, there may be a need to change the safety category of the reservoir and enhance its safety standards.  However, in the case of North Northants, no new communities will be located immediately downstream of any large reservoirs, and therefore there will be no requirement for re-classification. 

In summary, there are no new developments proposed immediately downstream of any major sources of artificial flooding, and therefore flood risk from this source is not considered further in this Water Cycle Strategy.  Should developments be located near to any minor flow storage facilities or other artificial sources of flooding, the risk of flooding from these must be considered in site-specific flood risk assessments.
5.7 Flooding from the sea
Flooding from the sea and tidal estuaries is caused by storm surges and high tides.  The tidal limit for the River Nene is at Dog-in-a-Doublet Sluice below Peterborough, and therefore flood risk to North Northamptonshire from the sea and tidal estuaries does not need to be considered.  
5.8 Residual Risks of Flooding
Residual risks of flooding are risks that remain after mitigation measures have been installed.  For example, a flood defence may be designed for events up to the 1 in 100 year event, but there remains a risk of flooding for events of a higher return period (e.g. 1 in 200 year).  Alternatively, a sequence of smaller rainfall events may overwhelm a flood storage facility if it unable to drain sufficient storage volume in between events.  Overtopping or breaching of flood defences can result in fast flowing and deep water flooding, which is particularly hazardous to life and property.  The Pitt Review emphasises the need to consider a range of extreme scenarios, including multiple flooding events occurring simultaneously or within overlapping time periods), and to capture the impact of saturated ground on flooding risk.  Therefore, the residual risks of flooding may justify designing to a higher flood protection standard than is typically recommended.  
Residual risks of flooding may be managed through flood warning and evacuation plans.  The Environment Agency operates a flood warning system for existing properties currently at risk of flooding.  However, this service is limited to flooding from main rivers and is not able to provide warnings in the event of flood defence breaches or surface water flooding.  Flood warning systems should not therefore be relied upon as the only way for managing residual risks of flooding.  Evacuation plans should be drawn up by the local authorities for existing areas, identifying safe access routes and refuge locations.  Should new development be permitted in areas at high risk of flooding, as a result of the Exception Test being passed, site-specific emergency plans to satisfy the requirements of PPS25 must be included in the flood risk assessments.     

The potential damages as a result of flooding may be reduced through flood resilient and flood resistant building techniques, such as raised electrical sockets.  The Pitt Review recommends that all new and newly refurbished buildings in high flood risk areas should include flood resilience and flood resistant measures.  Therefore, this Water Cycle Strategy also recommends that all developments within flood risk areas should be required to incorporate flood resilient measures as part of their planning conditions.  The residual risks of flooding, such as hazards associated with breaching and overtopping of defences, should be considered in more detail in a Level 2 SFRA undertaken by the District Councils. This is necessary to determine whether any further constraints should be placed on the type of development which is appropriate, based on depths and velocities of flood flows. 
5.9 Effects of climate change  

The potential effects of global climate change on flooding frequencies in the UK include a change to drier summers and wetter winters, with the number of rain-days and average intensity of rainfall increasing overall.  PPS25 recommends that an additional 20% is added to the peak river flow as a precautionary sensitivity range when considering the effects of climate change from 2025 to 2115 on fluvial flooding.  When estimating surface water runoff, an additional 10% should be added to the peak rainfall intensity from 2025 to 2055, increasing to 20% for 2055 to 2085 and 30% for 2085 to 2115.  This Water Cycle Strategy recommends that this allowance, or the most recent government advice, should be included in all flood risk assessments for North Northants.  

5.10 Site-Specific Flood Risk Assessments
Site-specific flood risk assessments are required to be submitted with planning applications to satisfy the requirements of PPS25.  Flood risk assessments are required for all developments located within Flood Zones 2 and 3, and for all developments in Flood Zone 1 greater than 1 ha. 

The flood risk assessments must show that the vulnerability of the proposed land use and site layout is appropriate to the flood risk across the site.  Recommendations for appropriate land use in each flood zone are given in PPS25.  More vulnerable land uses may be permissible in higher flood risk zones if the Exception Test is passed.  This test requires that: 

· Development provides wider sustainability benefits that outweigh flood risk.

· Development is on previously-developed land or there are no reasonable alternatives on previously-developed land. 

· The development will be safe without increasing flood risk elsewhere, and where possible reducing flood risk overall. 

Developers should refer to PPS25 and to the Development and Flood Risk Practical Guide Companion to PPS25 (Department for Communities and Local Government, 2007) for advice on the content of site-specific flood risk assessments.

6 Impacts of Development on Flood Risk

6.1 Access to Watercourses

The positioning of new developments may impede access to watercourses in emergency situations or for maintenance.  For ‘main river’ watercourses, the Environment Agency requires that developments leave at minimum a 9 m wide undeveloped buffer strip alongside open channels and culverted sections.  All development within the byelaw distance requires consent and the Environment Agency consider actual access requirements on a case-by-case basis. Within the buffer, consent should also be sought from the Environment Agency for fencing, planting and temporary structures.  It is recommended that buffer strips are also required as a planning condition for all ordinary watercourses.   
6.2 Floodplain Storage
Development has the potential to increase flood risk downstream of development areas through the loss of floodplain storage volume as a result of landscaping and construction.  PPS25 requires that developments have no downstream impacts and therefore compensatory floodplain storage should be provided on-site on a level-for-level basis through landscaping.  Assessment of the need for compensatory floodplain storage requires a detailed examination of site topography and proposed layouts and is therefore beyond the strategic focus of this Water Cycle Strategy.  These calculations should be included in site-specific flood risk assessments accompanying individual planning applications.  Options for including compensatory floodplain storage in strategic flood mitigation schemes should be investigated at a later design stage when storage requirements are known. 

6.3 Surface water runoff

Development increases the impermeable ground cover and therefore increases both the rate and volume of surface water runoff, as water is unable to infiltrate into the soil.  The potential impacts of the increased surface water runoff on flood risk were investigated, to provide a ‘base-line’ condition against which to assess strategic flood risk mitigation measures.   

The impacts of the proposed development were investigated using hydraulic models where available and hydrologic estimates for other areas.  The principle hydraulic model used was the River Nene Catchment Strategic Model (NCSM, The River Nene Models, Environment Agency, 2007).  This model was developed following the April 1998 floods in order to investigate flood control through Northampton to the Wash.  A strategic model is expected to have an overall calibration and to be a reasonable predictor of flood frequency through the modelled reaches of a river. 

The NCSM exists as a hydrodynamic ISIS model, structured into three models for the main River Nene (Upper, Middle and Lower).  Additional hydraulic models were developed for a number of tributaries, including the River Ise, Harper’s Brook and Swanspool Brook.  The current model structure and extents are shown in Figure 5.1.

The effects of development were investigated by amending the FEH URBEXT parameter in the hydrologic boundaries of the model.  This parameter represents the percentage of the catchment that is developed and affects the speed and volume of flood water to be routed through the model. For watercourses not included modelled hydraulically in the NCSM (e.g. Alledge Brook), the effects of development on flows were investigated using hydrologic estimates.  Flow hydrographs for the 1 in 100 year event were estimated using the Flood Estimation Handbook (FEH), and the URBEXT parameter adjusted using the same method as for the hydraulic models.    
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Figure 5.1: Modelled watercourses in the NCSM
6.3.1 Impacts of development on watercourses not included in the NCSM
Hydrologic estimates were used to investigate the effects of development on flows in the following minor watercourses: 
· Alledge Brook
· Harrowden Brook 
· Skew Bridge Dyke

· Raunds Hog Dyke
Table 5.1 shows the peak flow for the 1 in 100 year flood event before and after development (at the confluence of each watercourse with the River Nene, using the critical storm duration for each catchment at that location), and the net increase in runoff volume as a result of development.
The different magnitudes of increase in peak flow and runoff volume may be explained by reference to the critical storm duration.  In smaller and more urban catchments, there is a shorter critical storm duration which gives flashier floods (high peak flow magnitudes) but of short duration, and therefore there is a smaller overall increase in runoff volume.  In contrast, the larger and more rural catchments have a longer critical storm duration, giving more gradual hydrographs (lower peak flow magnitudes) but of a longer duration and larger volume. 
The hydrographs were estimated using the FEH rainfall-runoff method based on catchment descriptors.  It is known that this method tends to overestimate flow magnitudes, and therefore the peak flows given in Table 5.1 will be conservative.  These estimates should be improved at any detailed design stages, by estimating parameters through data transfer and/or using the FEH statistical method.  Nevertheless, these calculations give an impression of the potential effects of development on flood magnitudes in each catchment.      
	Watercourse
	Alledge Brook
	Harrowden Brook
	Skew Bridge Dyke
	Raunds Hog Dyke

	Catchment area (km2)
	41.2
	10.2
	8.9
	16.8

	Total development area (km2)
	2.78
	2.0
	0.7
	0.5

	URBEXT(2007)
	0.005
	0.161
	0.248
	0.051

	URBEXT(2007) including proposed development
	0.073
	0.358
	0.327
	0.082

	Critical storm duration (hrs)
	18
	4.5
	3.5
	14

	Peak flow (100 year) existing catchment (m3/s)
	17.6


	13.2
	18.7
	10.2

	Peak flow (100 year) including development (m3/s)


	22.9
	26.2
	23.9
	11.8

	Percentage increase in peak flow 


	30%
	99%
	28%
	15%

	Additional runoff volume due to development (m3)
	56,000
	30,000
	8,000
	14,000


Table 5.1: The effects of development on peak flows and runoff volume in Alledge Brook, Harrowden Brook, Skew Bridge Dyke and Raunds Hog Dyke. 

6.3.2 Impacts of development on Swanspool Brook

The impacts of development on Swanspool Brook from the Wilby flood storage reservoir to its confluence with the River Ise were investigated using the Swanspool Brook tributary model.  The model currently has a simple representation of catchment hydrology with a single inflow point upstream of Wilby representing all the catchment flows.  The effects of development were included by adjusting the URBEXT parameter for this inflow point to reflect the new urban area in the catchment.  However, this is likely to give an over-estimation of water levels upstream of Wellingborough, as most of the development is in reality located downstream of the inflow point through Wellingborough town.  The results showed that unattenuated surface runoff from developments could increase peak water levels in Swanspool Brook by up to 0.27 m for the 1 in 100 year event.     

6.3.3 Impacts of development on the River Ise and Slade Brook upstream of Wellingborough
The impacts of development on the River Ise and Slade Brook catchments upstream of Wellingborough were investigated using the River Ise tributary model.  This extends from Clipston to Harrowden Mill gauging station for the River Ise, and from Rothwell for Slade Brook.  The inflow hydrograph for each sub-catchment was altered to reflect the new percentage of urban land cover in each sub-catchment, following the methodology of the FEH.  Table 5.2 shows the original and amended URBEXT parameters and changes in peak flow for each model subcatchment inflow (subcatchment locations shown in Figure 5.2). 

The results showed that peak flood levels on the River Ise upstream of its confluence with Slade Brook were not significantly affected by development.  In some locations, peak flood levels were actually reduced, as the faster urbanised flows passed through before the main river peak arrived.  However, flood levels in Slade Brook were increased by up to 0.2 m in some locations.  Downstream of the Kettering, water levels on the River Ise floodplains were also increased by up to 0.2 m in the vicinity of Burton Latimer.    

	Catchment
	Catchment Area

(km2)
	Development Area

(km2)
	URBEXT

(2007)
	URBEXT

(developed)
	Peak flow (100 year) existing conditions

(m3/s)
	Peak flow (100 year) including development

(m3/s)

	Ise 1
	6.11
	0.00
	0.000
	No Change
	5.1
	No Change

	Ise 2
	15.78
	0.00
	0.001
	No Change
	9.6
	No Change

	Ise 3
	10.54
	0.00
	0.001
	No Change
	6.3
	No Change

	Ise 4
	17.59
	0.17
	0.016
	0.026
	9.9
	10.3

	Ise 5
	18.36
	1.15
	0.014
	0.077
	8.3
	11.1

	Ise 6
	12.3
	0.00
	0.015
	No Change
	6.2
	No Change

	Ise 7
	10.94
	0.26
	0.213
	0.237
	10.2
	10.9

	Ise 8
	14.35
	0.08
	0.029
	0.035
	7.1
	7.3

	Ise 9
	15.31
	0.00
	0.015
	No Change
	7.7
	No Change

	Ise 10
	9.56
	1.12
	0.039
	0.157
	5.5
	8.9

	Ise 11
	6.37
	0.00
	0.004
	No Change
	11.8
	No Change

	Slade 1
	7.67
	0.17
	0.007
	0.029
	4.2
	4.6

	Slade 2
	3.75
	0.26
	0.011
	0.081
	3.1
	4.0

	Slade 3
	4.99
	0.20
	0.172
	0.213
	5.0
	5.7

	Slade 4
	1.87
	0.10
	0.495
	0.548
	3.7
	3.8

	Slade 5
	26.65
	0.33
	0.006
	0.019
	9.6
	10.3

	Slade 6
	1.27
	0.00
	0.356
	No Change
	2.6
	No Change

	Slade 7
	8.67
	0.00
	0.028
	No Change
	5.8
	No Change


Table 5.2: The effects of development on urban extent and peak inflows for the River Ise model.
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Figure 5.2: Sub-catchments for the River Ise tributary model. 
6.3.4 Impacts of development on the River Nene floodplain 
The cumulative impacts of development on the River Nene floodplain were investigated using the Middle Nene model.  This extends from Billing Wharf (downstream of the Northampton Washes) to Wansford Bridge, and includes the lower sections of the main tributaries (River Ise, Harper’s Brook and Willow Brook) upstream to their main gauging stations.  The inflow hydrograph for each sub-catchment was altered to reflect the new percentage of urban land cover in each sub-catchment, following the methodology of the FEH.  Table 5.3 shows the original and amended URBEXT parameters and changes in peak flow for each model subcatchment inflow (subcatchment locations shown in Map 5.3).  
The results showed that peak flood extents and water levels for the Middle Nene the 1 in 100 year event were not significantly increased by development.  This is because the faster urban hydrographs pass through the catchment before the main inflows arrive from upstream.  This means that the critical storm duration for some areas in the catchment is reduced, and the phasing of tributary inflows is altered.  Nevertheless, there may be detrimental impacts on flood risk downstream due to the additional volume of water being generated in the catchment.  For example, in the 41 hour storm, an additional 550,000 m3 water is passed downstream through Wansford.     

	Catchment
	Catchment Area

(km2)
	Development Area

(km2)
	URBEXT

(2007)
	URBEXT

(developed)
	Peak flow (100 year) existing conditions

(m3/s)
	Peak flow (100 year) including development

(m3/s)

	Ise 1-11
	194.86
	3.86
	0.035
	0.055
	46.1
	46.8

	Ise 12
	5.16
	0.03
	0.036
	0.042
	3.0
	3.1

	Ise 13
	3.38
	0.65
	0.044
	0.235
	1.4
	1.9

	Ise 14
	1.98
	0.65
	0.044
	0.371
	0.9
	1.2

	Ise 15
	1.83
	1.58
	0.000
	0.861
	0.7
	1.3

	Harrowden
	10.34
	2.42
	0.186
	0.421
	6.0
	7.1

	Swanspool
	20.85
	0.68
	0.110
	0.143
	9.4
	10.2

	Barton
	7
	0.00
	0.071
	No change
	3.2
	No change

	Wollaston
	20.97
	0.03
	0.031
	No change
	7.5
	No change

	Knuston
	33.13
	0.36
	0.007
	0.018
	15.4
	15.9

	Nene 1
	2.65
	1.67
	0.000
	0.630
	0.6
	1.6

	Skew Bridge
	42.3
	1.59
	0.088
	0.125
	22.1
	23.4

	Raunds
	45.17
	0.52
	0.037
	0.049
	24.8
	25.4

	Alledge
	48.74
	2.78
	0.022
	0.079
	16.7
	20.2

	Harpers 1
	70.43
	0.00
	0.008
	No change
	34.4
	No change

	Harpers 2
	5.07
	0.00
	0.008
	No change
	1.8
	No change

	Nene 2
	32.23
	0.00
	0.035
	No change
	15.7
	No change

	Nene 3
	46.64
	0.00
	0.005
	No change
	22.1
	No change

	Nene 4
	26.73
	0.10
	0.032
	0.036
	15.5
	15.6

	Nene 5
	23.36
	0.00
	0.032
	No change
	11.4
	No change

	Nene 6
	24.15
	0.00
	0.028
	No change
	10.1
	No change

	Nene 7
	33.84
	0.00
	0.031
	No change
	17.8
	No change


Table 5.3: The effects of development on urban extent and peak inflows for the Middle Nene model.  

[image: image4.jpg]00000 0000

"o

A

L
Jcmlingigﬂ\/ Cas
oo A7

(O ‘Stoke " Carlton

v
7

Vialgrave

ciar 4

o Pwswm"f‘J‘(

N\, B

Hartowden

Swanspool

Ise 12

. 1513

o ise 14

sepsyelq

Harpers 1

Alledge

~~~| Development sites

Harpers 2

T

e

Legend

L

Developments location centroids

NNH boundary

River Nene catchment

=

Nene Catchments

North Northarts Development Company

"™ NorthNorthants

Development Company

North Northampton shire
Water Cycle Strategy
Phase II

oy

River Nene Catchments

R S
Fp me
g o oot

g s s




Figure 5.3: Sub-catchments for the Middle Nene NCSM model. 
7 Managing the Impacts of Development
The increase in surface water runoff from developments should be managed using Sustainable Drainage Systems (SUDS).  These techniques aim to replicate the natural drainage from a site as closely as possible, using techniques such as soakaways, permeable paving and balancing ponds.  The outcomes of SUDS are therefore: 

· To minimise the impacts of development on runoff rate and volume, by replicating greenfield conditions or better;

· To minimise the impacts of development on water quality;

· To maximise amenity and biodiversity opportunities. 

SUDS may be used at a number of different scales.  At the rainfall generation (point source) scale, SUDS measures include pervious pavements, green roofs and rainwater harvesting.  At the site scale, controls such as soakaways and swales may be used.  Finally, at the regional scale, strategic ponds and wetlands may be used to store and treat runoff from a number of sites.  Together, these elements form a management train for runoff.  In general, the greater the number of techniques used in the train, the better the performance is likely to be, and the lower the risk of overall system failure.   

Best practice guidance for SUDS is currently given in ‘The SUDS Manual’(CIRIA publication C697, 2007).  This document has been used to guide the SUDS recommendations of this Water Cycle Strategy.   

The choice of which SUDS measures are appropriate for a site, will depend on the proposed land use density, site characteristics such as soils and topography, the quantity and quality of runoff being generated, future maintenance requirements, and amenity value.  This Water Cycle Strategy aims to provide an overview indication of the feasibility of SUDS measures across the region.

7.1 SUDS for Runoff Rate and Volume

SUDS techniques for controlling runoff rate and volume and recommendations for North Northants are given in Table 6.1. 

	Technique
	Description
	Recommendations

	Source control SUDS
	These aim to prevent the generation of additional surface water run-off.  These measures include permeable driveways, green roofs and rainwater harvesting.  It should be noted that the dual roles of rainwater harvesting for reducing runoff and potable water demand must be balanced, as a full storage tank will not provide any attenuation, while an empty tank will not reduce water consumption. This means that rainwater harvesting units should not be included in storage calculations for storm water attenuation.  Nevertheless, they offer added value and should be included in developments if possible. 

The success of source control SUDS depends on regular maintenance at the household level.  Unless homeowners are aware that they are helping to reduce flood risk in their community, they are unlikely to have a sense of ownership or desire to maintain their SUDS. 

	This Water Cycle Strategy recommends that all developments in North Northants should be required to incorporate source control SUDS as part of their planning conditions.  Information on SUDS maintenance should be provided to property buyers by developers.

	Infiltration SUDS
	These aim to reproduce the natural drainage of rainwater through the soil to groundwater, and include structures such as swales and soakaways.  These measures are usually included at the site level.  Infiltration SUDS are the preferred option where soils are permeable.  Constraints to their implementation include limited soil permeability, shallow depths to groundwater, potential impacts on groundwater flooding elsewhere, or the location of a development site within a groundwater Source Protection Zone.  


	This Water Cycle Strategy recommends that infiltration SUDS should be used as the default choice for minimising the rate and volume of runoff from development sites. The Environment Agency website indicates that there are no Source Protection Zones in the region which would limit the use of infiltration SUDS.  However, the geology is extremely variable and therefore infiltration SUDS may not be possible at all sites. An overview of the region’s geology and suitability of infiltration is given in Appendix B.  A number of infiltration facilities should be provided to form a management train.  



	Detention / Attenuation SUDS
	These aim to store surface water runoff from a development and release it at rates and volumes equivalent to greenfield conditions.  Attenuation measures may include balancing ponds, swales and subsurface storage. These measures may be included for individual sites and at a strategic level to mitigate the effects of many sites.  Attenuation SUDS may be used as an alternative to infiltration SUDS or in parallel.  They offer benefits for the creation of green amenity space and may also be used to filter and improve water quality. 


	Where it is not feasible to mitigate all effects of development using infiltration SUDS, attenuation SUDS should be used in addition to infiltration techniques as part of a SUDS management train.  




Table 6.1: SUDS for managing surface water runoff and volume. 

7.2 SUDS for Water Quality, Biodiversity and Amenity

SUDS also aim to protect receiving watercourses from increased pollution and provide environmental benefits for ecology.  SUDS should be used to capture and treat runoff from frequent, small events, and the ‘first flush’ (high levels of pollution during the initial stages of a storm) from paved surfaces following a period of dry weather. Treatment options include: 

· Infiltration and interception storage: runoff from small events (5 – 10 mm rainfall) is discharged to groundwater or stored through rainwater harvesting for non-potable use.  Interception storage should be provided wherever possible, even where it is not possible to infiltrate the full design storm.  

· Filtration media: water quality may be improved by filtering through features such as sand filters, filter trenches, swales, and wetlands.  Filter strips and infiltration basins may also provide amenity and biodiversity benefits.  

· Detention: temporary storage in attenuation facilities allows sedimentation and removal of pollutants. 

· Permanent ponds: storage in permanent ponds allows long-term treatment with settling out of fine silts and plant and microbial activity, and provide the greatest environmental benefits.  The permanent pond volume should be sized to accommodate at least 10 mm of runoff from impermeable surfaces.      

Preferably, SUDS should be implemented as a number of components that together form a management train for storm water runoff rate, volume and quality. This means that serious pollution events may be contained within upper components, minimising damage to the drainage system and receiving watercourse.  

This Water Cycle Strategy recommends that all development sites should design SUDS to provide water quality improvement for a 10 mm runoff event.  The water quality improvement techniques should be implemented as part of the SUDS management train involving infiltration wherever possible. 

This Water Cycle Strategy recommends the use of infiltration SUDS techniques wherever possible.  These should be designed to have a maximum amenity and biodiversity benefit.  Where infiltration is not possible, attenuation SUDS should be provided as wet retention ponds or wetlands in preference to dry detention basins.
7.3 Adoption of SUDS

The success of SUDS measures is dependent on their long-term adoption by a local authority, IDB, sewerage company or new alliances, to take responsibility for their ownership and ongoing maintenance.  PPS25 states that developers are responsible for providing the funding required for the lifetime maintenance of SUDS on their sites.  However, the issue of adoption is still far from clear, and is currently under review by the government.  It is recommended that in the interim, locally-agreed solutions are found which detail the most appropriate authority for managing different elements of SUDS systems.    

Bodies that may adopt SUDS systems include: 
· Local Authorities, who are being encouraged by the Pitt Review (July 2008) to take overall responsibility for local drainage management;

· Internal drainage boards, who may adopt strategic and integrated SUDS facilities (although there are none in the study area);

· Sewerage undertakers and local water companies such as Cambridge Water, who will adopt SUDS elements that are in compliance with Sewers For Adoption (6th Edition);

· Highways Authority, who will adopt engineered grassed channels in accordance with the Design Manual for Roads and Bridges;

· New specialist drainage undertakings or companies, which are being encouraged by OFWAT through Inset appointments.

The Environment Agency do not generally adopt small, site-scale SUDS, but may adopt larger strategic schemes that offer wider flood risk benefits.  When planning SUDS, developers should consult with the Environment Agency as to the most appropriate body for adopting the facilities.  Indications are being given that Anglian Water are preparing routes for more wide-scale adoption of attenuation SUDS and it is anticipated that this may be the default body for most storage facilities.

Further guidance on the adoption of SUDS and maintenance agreements is given in the Interim Code of Practice for SUDS (National SUDS Working Group, 2004).    

7.4 Flood Risk Assessment Requirements

Within the flood risk assessments for each site, developers must include the SUDS strategy and designs being used (appropriate in detail to the stage of planning application).  Developers should refer to  ‘The SUDS Manual’(CIRIA publication C697, 2007) and Model Agreements for SUDS CIRIA C625 for further guidance on SUDS design.  In particular:

· Site ground investigations should be undertaken to determine the suitable drainage techniques to be used. 

· Where infiltration SUDS are proposed, groundwater risk assessments are required and the Environment Agency should be consulted.

· Where attenuation storage SUDS are proposed, calculations must be provided which show how the rate and volume of runoff will be attenuated to pre-development conditions or greenfield conditions or better if possible.

· The proposed SUDS measures should be capable of  mitigating the effects of development to the 1 in 100 year standard including climate change, in line with R&D Technical Report W5-074/A ‘Preliminary Rainfall Runoff Management for development’ (Revision D), unless the Local Planning Authority has agreed to a more rigorous standard.  

· The residual effects of development on the 1 in 200 year flood should also be examined, including risks of surface water flooding to the site itself, to ensure safe access routes are available and no critical infrastructure or vulnerable properties are at risk.  If these risks are unacceptable, or if there is little cost implication, a higher standard of protection should be provided. 

· In order to reduce the residual risks of flooding: 

· The risks of high water levels in the receiving watercourse affecting the outfall and drainage system should be considered;

· The impacts of blockage at any point in the drainage system should be considered;

· Failure of any embanked storage facility should be considered;

· System performance in a short very high intensity event (1 in 100 year, 1 hour duration) should be tested (CIRIA C697 SUDS guidance), in addition to the critical storm properties used for design purposes;

· In order to provide protection from a series of storm events, the proposed SUDS measures should be sized so that within 24 hours of top water level being attained for the design event, the facility should be capable of storing 80% of additional run-off from a 1 in 10 year flood.  This design level is recommended in the Strategic Review of Development and Flood Risk for Northampton (Environment Agency, 1999) and EA/Defra document W5-074/TR2/A ‘Preliminary Rainfall Runoff Management for development’ (Revision D) and enables the recommendations of the Pitt Review to be met.    

As a result of these tests, overland flood routes in excess of the design conditions should be identified and vulnerable structures and properties positioned away. 

· Requirements for on-site SUDS may be relaxed to the 1 in 30 year standard, if developments also contribute to strategic measures immediately downstream of the proposed development and there is no additional flood risk to third parties (see Section 8).  Residual risk checks will still be required to evaluate the flood risk on-site in more extreme events.  

· For good practice, a health and safety risk assessment should be included, to improve the design of SUDS with respect to safety (CIRIA C697 SUDS Design Manual).  The Environment Agency does not have any obligation or responsibility for checking the health and safety risk assessment.  

· Agreement for ownership and maintenance with the adopting body should be included, along with cost estimates for the ongoing maintenance of SUDS measures and details as to how this money will be collected and transferred to the adopting body.  If the adopting body is an Inset company, consideration should be given to alternative adopting bodies for the future should the Inset company discontinue.  
8 A Strategic Approach to Flood Risk Management 

It may be possible to provide the required storm runoff storage volumes within each development site.  However, the Environment Agency wish to take a strategic approach to flood risk mitigation, by constructing large-scale facilities that will off-set the cumulative effects of development and improve flood risk protection to existing properties, taking into account the potential effects of climate change.  This strategic approach is encouraged by PPS25 and the Pitt Review.  It is envisaged that developers would contribute financially to infrastructure costs in return for relaxed requirements for on-site flow storage.       
8.1 River Ise and Slade Brook 

The River Nene CFMP recommends that increased floodplain storage should be provided on Slade Brook and River Ise corridors to offset the effects of climate change and development and improve flood risk to Kettering and Wellingborough.  The following options for strategic storage were investigated:  

1. Attenuating flows on the River Ise upstream of Geddington, through construction of a new flood storage facility. 

2. Attenuating flows on Slade Brook upstream of the railway culvert, through construction of a new flood storage facility to remove pressure on the railway embankment. 

3. Attenuating flows in the Thorpe Malsor and Cransley reservoirs catchment.  This could be achieved either through adaptation of the existing disused public water reservoirs, or through construction of new flood storage facilities. 
4. Increasing the spillway height at the existing Slade Brook Leisure Village reservoir to store additional flows. 
5. Combinations of the above measures. 
Details of the hydraulic modelling used to investigate each option are given in Appendix D, and results are summarised in Table 7.1.  The results showed that strategic storage solutions for the Slade Brook are possible for mitigating the effects of development on flood levels and offering an improved standard of protection to existing development.  

The recommended strategy is therefore as follows: 

· Storage on the Slade Brook upstream of the railway culvert should be pursued as the preferred option.  A design study should be commissioned to assess in more detail the required volumes and costs of the facility, sized to restrict flows to in the order of 2 m3/s with a variable control structure for real-time response to different duration events and rainfall sequences.  The construction of this facility would relax requirements for developers in the River Ise catchment to attenuate flows to greenfield rates on-site, provided there is sufficient capacity in the sewer system to transport surface water to the river without flooding.  

· Attenuating flows to 2 m3/s or lower should mitigate the effects of unattenuated runoff from development.  However, further improvement to flood levels can be achieved through a second flood storage facility in the Thorpe Malsor and Cransley reservoirs catchment.  A study should be commissioned by the developers and the EA to assess in more detail the costs, benefits and locations for flood storage facilities, including an extension to the Slade Brook model.  This could be achieved through proposed road works to the A43, or by alterations to the operation of the two disused public water supply reservoirs.  Storage in the Thorpe Malsor and Cransley reservoirs catchment cannot fully mitigate the effects of development.  Therefore this option could not be used as an alternative to storage upstream of the railway culvert.  

	Option
	Effects on Flood Levels

	1. River Ise upstream of Geddington
	Water levels in River Ise in Kettering reduced by up to 0.7 m below pre-development flood levels.  However, most benefit was gained in areas that already have a high standard of flood protection.  There was no impact on the upper reaches of Slade Brook where mitigation is most required. 

	2. Slade Brook upstream of the railway culvert
	Restricting flows to 2 m3/s could mitigate the impacts of development and offer an improved standard of flood protection in most locations along the Slade Brook.  This would require approximately 300,000 m3 storage volume for the 100 year event including climate change. 

	3. Slade Brook in Thorpe Malsor and Cransley reservoirs catchment. 
	Restricting inflows from this catchment to 50% mitigated the impacts of development downstream of the Leisure Village, requiring approximately 330,000 m3 storage volume for the 100 year event including climate change. Restricting flows to 25% reduced pre-development flood levels by 0.1 – 0.2 m, requiring an additional 210,000 m3 storage (250,000 m3 including climate change).   However, there was also no amelioration of flood levels upstream of the Leisure Village.  

	4. Slade Brook: improved Leisure Village reservoir. 
	Increasing the spillway height could not fully ameliorate the effects of development, as the reservoir reaches full capacity before the hydrograph peak arrives. 

	5. Combinations of Options 1 – 4. 
	A combination of Option 2 (limited to 2 m3/s) and Option 3 (limited to 75%) was found to mitigate the effects of development and reduce flood levels by up to 0.1 m compared to pre-development conditions. This would require approximately 300,000 m3 storage upstream of the railway culvert and 160,000 m3 storage in the reservoirs catchment for the 100 year event including climate change.


Table 7.1: Effects of storage options in the River Ise and Slade Brook on flood levels. 

The analysis has assumed that there are no on-site mitigation measures in all developments in Kettering and the surrounding villages.  In reality, some on-site SUDS will always be required to mitigate the effects of development on runoff to the 1 in 30 year standard or better, in addition to the developer contributing to strategic flood mitigation schemes.  These on-site measures may have some attenuating effects in the 1 in 100 year event and therefore the flood level improvements in Table 7.1 represent a worst-case scenario.   

The scheme may result in an increase in flooding duration and depths in the River Ise  upstream of Kettering due primarily to development in Desborough.  The current analysis has indicated that peak flood levels would not be affected, as additional run-off from development will pass through the watercourse before the main inflows from upstream arrive.  This effect should be examined in more detail in the detailed design study.  The additional depth and duration of flooding may offer opportunities for increased wetland habitat creation along the upper River Ise corridor.   

Developments that will directly benefit from reduced flood risk due to the scheme include: 

· Northfield Avenue and Western Quarter, Kettering Town Centre; 

· Wellingborough East site, where the River Ise currently floods due to water backing up from the railway. 

In addition, all developments in the River Ise catchment that at not at flood risk will indirectly benefit due to reduced needs for on-site SUDS measures. 

8.2    Harrowden Brook

The main development in the Harrowden Brook catchment is the North West of Wellingborough (Castleridge) site, which includes the Harrowden Road flood storage reservoir.  A number of other minor developments are located on the Hatton Park Stream tributary of Harrowden Brook, including Wellingborough Park Farm, Hardwick Park and the remaining properties at Redhill Farm.  

The limitations of the Harrowden Brook for conveying flood water to the River Ise means that unattenuated discharge from the development sites is not acceptable, and instead facilities should be provided on-site to restrict run-off to greenfield rates or better. 

The following recommendations are made for strategic flood risk management in Harrowden Brook: 

·  Further investigations should be made by the developers and EA into the potential opportunities for reducing flood levels downstream of the Castleridge site by enhancing the Harrowden Road flood storage reservoir.  The existing model constructed by Peter Brett Associates for the Borough Council of Wellingborough (December, 2002) should be updated and extended with additional downstream survey to the confluence with the River Ise in order to include critical locations in the industrial estate.  Possible backwater effects from the River Ise should be considered and the residual risks of a series of extreme events should be accounted for by designing improvements to the facility to be capable of storing 80% of additional run-off from a 1 in 10 year flood occurring 24 hours after the top water level being attained for the design event.

· This study should be extended to examine the impacts of relative timings of inflows from the Hatton Park tributary.  The residual effects of SUDS measures on the tributary hydrographs should be examined to ensure the phasing of inflows is not altered so as to unintentionally increase peak flood levels downstream.  

8.3   Swanspool Brook
Approximately 3,000 homes are currently allocated for development in the Swanspool  Brook catchment, including large sites Park Farm Way, Wellingborough Town Centre, and the Eastfield Urban Quarter. 

Swanspool Brook also has limited capacity for conveying flood waters through Wellingborough.  Therefore, unattenuated discharge from development sites would not be acceptable and facilities should be provided on-site to restrict run-off to greenfield rates or better.

There may be potential for strategic flood mitigation measures upstream of Wellingborough: 

· The Park Farm Way site includes a small tributary of Swanspool Brook which joins the main watercourse immediately upstream of the A509 bridge.  Flooding in the village of Wilby occurs when water in Swanspool Brook backs up behind this bridge.  Reducing flows in the small tributary from Park Farm Way may therefore reduce this backwater effect and improve flood risk in Wilby.  However, initial analysis indicates that the relative size of the catchments (2.23 km2 compared to 13.66 km2 for Swanspool Brook) means that strategic storage may have little impact.

· A flood storage reservoir currently exists on Swanspool Brook upstream of the A4500.  The operation and standards of protection afforded by this reservoir are currently unknown and further investigations are required to assess any options for improvement. 

Surface water flooding is known to be a risk in Wellingborough when surface water sewers become unable to discharge into the river, and also where some outfalls are not flapped.  The Pitt Review (June 2008) highlights surface water flooding as a critical area for improvement in understanding flood risk.  It is therefore recommended that a surface water management study is carried out for Wellingborough by the District Council to map areas at risk of surface water flooding and identify a plan for any necessary improvements.

8.4  Alledge Brook

Approximately 4,000 to 6,000 homes are allocated for development in the Kettering East site, which Lidar topography data indicates would fully drain into the Alledge Brook catchment.  

As the site overlies permeable geology, infiltration SUDS may be used, depending on more detailed site investigations.  However, there may also be potential for strategic flood mitigation storage to be included on the site.  The site overlays the most westerly tributary of Alledge Brook, which contributes approximately 40% of flows from the upstream catchment to Cranford St. Andrew and Cranford St. John.  Flood risk to these villages is currently unknown, but a hydraulic study of the watercourse has been recently commissioned by the Environment Agency to improve flood mapping along the ‘Main River’ section.  It is recommended that this study is extended to examine options for strategic flood storage within the Kettering East site.

8.5  Rushden and Higham Ferrers

Numerous small and medium-sized developments are planned for the Rushden and Higham Ferrers area.  The towns are drained by Skew Bridge Dyke and other minor watercourses, which are mainly culverted through the urban area.  In order to improve understanding of existing flood risk in the towns and the potential effects of development, it is expected that a Surface Water Management Plan (SWMP) for North Northamptonshire will consider this area.  This will identify risks of flooding from all urban drainage sources and suggest potential mitigation solutions.  It is recommended that the developers in Rushden and Higham Ferrers abide by the findings of that study and in the interim period, attenuate surface water runoff to greenfield rates and volumes using on-site SUDS measures.  

8.6  Irthlingborough 

Irthlingborough is situated on the northern bank of the River Nene and is drained via a number of minor watercourses and drainage ditches.  The main flood risks to the town are from the River Nene, however the East Northants SFRA also indicates that drainage systems within the town may be inadequate for current and future demands.  To improve understanding of the urban flood risk it is expected that a Surface Water Management Plan (SWMP) for North Northamptonshire will consider this area.  It is recommended that the developers in Irthlingborough abide by the findings of that study, and in the interim period, attenuate surface water runoff to greenfield rates and volumes using on-site SUDS measures.  
8.7  Raunds

Raunds town is drained eastwards towards the River Nene by the Raunds Hog Dyke.  Standards of flood protection in the town are low: the East Northants SFRA estimates that the probability of flooding from the Hog Dyke is greater than 1 in 10 years, although a programme of de-silting and clearing has reduced this risk in recent years.  A number of developments are planned for the town, and therefore it is expected that a Surface Water Management Plan (SWMP) for North Northamptonshire will consider this area, to identify existing flood risks and potential mitigation strategies.  It is recommended that the developers in Raunds abide by the findings of that study, and in the interim period, attenuate surface water runoff to greenfield rates and volumes using on-site SUDS measures.       

8.8 Thrapston and Oundle 

Thrapston lies on the eastern bank of the River Nene and drains directly to the main river.  It does not have a large upstream catchment and there are no main tributaries flowing through the town.  Oundle lies on the north-western bank of the River Nene.  A minor watercourse flows through the eastern side of the town, draining an area towards Brigstock.  There are no other significant tributaries flowing through the town. Flood risk to both towns is primarily from the River Nene, which has a long time-to-peak and duration (the flood peak occurs approximately 24 – 48 hours after large rainfall events and high water levels last for an equally long period of time).  

Allowing a more rapid run-off of surface water could reduce flood risk in the River Nene, because the time between arrival of flood peaks would be increased and greater floodplain storage volume would be available for the later main river peak.  Therefore, if it can be shown that direct discharge to the River Nene will have no adverse effects on local flood risk, urban drains and watercourses, it may be possible for developments to discharge directly to the River Nene without on-site attenuation.  However, careful consideration will have to be given to managing the water quality of the run-off.  Developments not providing on-site attenuation would instead contribute a commuted sum towards future projects to enhance floodplain storage along the River Nene corridor.   

8.9 Surface Water Management Plans
After the preparation of this report it became apparent that SWMPs are being proposed for all areas in North Northants, not just Rushden, Irthlingborough and Raunds as suggested above.  Therefore it is recommended that all developers in the North Northants area abide by the findings of those studies as they become available.  There may be opportunities for developers to contribute to the preparation of SWMPs, which could include masterplanning of site drainage, in return for a reduced need to prepare their own drainage strategies.  It is recommended that in the initial stages of the SWMPs, major local developers are invited as stakeholders into the SWMP process to ensure that the maximum potential of development to improve flood risk elsewhere is realised. 
9 Summary

9.1 Flood Risk Management Strategy

This Flood Risk Investigation Report includes a number of general recommendations for development across the region, and specific recommendations for particular locations, that together form a flood risk management strategy for development in North Northamptonshire.  These are summarised in Table 9.1 and Figure 2.1.  The management strategy reinforces and extends the requirements of PPS25 for flood risk management and the recommendations of the Pitt Review.    

Following the preparation of this report, a consultation draft of the Floods and Water Management Bill was laid before Parliament (April, 2009).  The bill aims to update and streamline flooding and water legislation, in order to implement the recommendations of the Defra Future Water strategy, the Defra Making Space for Water programme of research, and the Pitt Review of the Summer 2007 floods.  The principle changes proposed by the bill include: 

· A clarification of roles and responsibilities of Operating Authorities.  The EA will have a strategic role to oversee flood risk from all sources of flooding.  New Regional Flood and Coastal Committees will provide democratic input into local decisions, advise the EA and local authorities on approaches and priorities, be able to raise a levy to fund work on local priorities which do not have national funding, and help to coordinate flood risk management.  Local authorities will become the lead authority for local flood risk management, including flood risk assessment, mapping, and planning in relation to ordinary watercourses, surface run-off and groundwater.  In two-tier areas, the county council will take a leadership role while the district authority or IDB will take an executive / delivery role. 

· A duty on all relevant organisations including the water and sewerage companies to share information about potential risks and the actions needed to manage those risks locally. 

· The power for the EA, local authorities and IDBs to formally designate natural and man-made features which help manage flood risk.  Once designated, the authority would need to give permission before the feature could be removed or changed.    

· A requirement for developers to put sustainable drainage systems (SUDS) in place in new developments wherever practicable, new national standards for SUDS and drainage, and an end to the automatic right to connect new development to existing surface water sewers.  New SUDS will be adopted and maintained by local authorities through a bond from developers.

Following these changes, recommendations for taking forward the strategy proposed in this Water Cycle Strategy are as follows: 

a) The Local Authority should be the lead authority for implementing the recommendations.  It is recommended that a surface water and flood management partnership is formed as a vehicle for delivery by each Local Authority to include the EA and AWS as key partners.   

b) It is recommended that surface water management plans are used as the appropriate method by which to investigate flood risk and surface water control options further at the local scale.  Where these include drainage for new developments, the developers should contribute funding towards the preparation of the plans (which would partially or fully negate the need for the developer to prepare their own drainage strategy). Further guidance on the content of surface water management plans is given in the Defra Surface Water Management Plan Technical Guidance (Living Draft).  The Local Authority should apply for funding towards the preparation of the surface water management plans from Defra and the EA. 
c) The responsibility for future maintenance of SUDS will lie with the Local Authority, but the maintenance should be funded by a bond from developers.  Where joint facilities are proposed in agreement with the EA that provide flood risk benefits more generally, EA funding towards construction and maintenance should be applied for by following the usual EA project assessment and planning processes.  It should be determined at an early stage by the surface water and flood management partnership whether the timescales for this process are suitable to match with the proposed development.  Development should not be permitted in advance of an adequate drainage strategy being implemented.    
	Recommendation Topic
	Relevant parties
	Section

	A partnership approach to flood risk management 
	District councils
	4

	A sequential approach to land allocation and site layout
	JPU and developers
	5.1

	Standards of flood protection for new developments
	Developers
	5.2

	Maintenance of ordinary watercourses in development sites
	Developers
	5.3.1

	Surface Water Management Plans for flood risk assessment of urban drainage systems
	District Councils
	5.4, 8

	Managing residual risks of flooding through flood resilient and flood resistant buildings
	Developers
	5.8

	Including the potential effects of climate change
	Developers
	5.9

	Requirements for site-specific flood risk assessments to examine flood risk to development sites
	Developers
	5.10 

	Access to watercourses
	Developers
	6.1

	Compensatory floodplain storage
	Developers
	6.2

	SUDS for Runoff Rate and Volume
	Developers
	7.1

	SUDS for Water Quality, Biodiversity and Amenity
	Developers
	7.2

	Requirements for site-specific flood risk assessments to mitigate impacts on flood risk elsewhere using SUDS
	Developers
	7.4

	Strategic flood storage in River Ise and Slade Brook
	Environment Agency, developers in that region
	8.1

	Further investigations for Harrowden Brook
	Environment Agency, developers in that region
	8.2

	Further investigations for Swanspool Brook
	Environment Agency, developers in that region
	8.3

	Further investigations for Alledge Brook
	Environment Agency, Kettering East
	8.4


Table 9.1: Summary of recommendations made in this flood risk investigation report. 
Appendix A: Developments within Flood Zones 2 and 3

This appendix maps the proposed developments known to lie within the Environment Agency’s Flood Zones 2 and 3.  This list may not be exclusive and all developers should check their location against the flood zones when preparing planning applications.  Development outlines were provided by North Northants Joint Planning Unit and indicate both existing planning permissions and proposed allocations.  

The River Nene flood zones are currently being updated by the Environment Agency and will be updated in January 2009.  Developers should ensure they are using the most up-to-date flood zones to evaluate their sites.  

All developments which lie in the Environment Agency Flood Zones 2 and 3 must be accompanied by site-specific flood risk assessments at the planning application stage to satisfy the requirements of PPS25.  For developments in Zone 1 greater than 1 hectare in size, a flood risk assessment is also required in order to identify opportunities to reduce the probability and consequences of flooding.  
Developments which do not yet have planning permission and are located within the floodplain will have to pass the PPS25 sequential test to show there are no other suitable sites outside of the floodplain.  

The flood risk assessments must show that the vulnerability of the proposed land use and site layout is appropriate to the flood risk across the site.  Recommendations for appropriate land use in each flood zone are given in PPS25.  More vulnerable land uses may be permissible in higher flood risk zones if the Exception Test is passed.  This test requires that: 

· Development provides wider sustainability benefits that outweigh flood risk.

· Development is on previously-developed land or there are no reasonable alternatives on previously-developed land. 

· The development will be safe without increasing flood risk elsewhere, and where possible reducing flood risk overall. 

Developers should refer to PPS25 and to the Development and Flood Risk Practical Guide Companion to PPS25 (Department for Communities and Local Government, 2007) for advice on the content of site-specific flood risk assessments. 
	Kettering Town Centre: 

Northfield Avenue (8.71 ha) and Western Quarter (4.2 ha) lie within the Environment Agency Zones 2 and 3 for Slade Brook.    
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	Comment
	These areas may be partially defended by existing flood defences, indicated by the Kettering SFRA.

	East Kettering:

The East of Kettering site (4,000 – 6,000 homes) includes an area of Environment Agency Zone 3 for Alledge Brook.     
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	Comment
	A Phase 1 flood risk assessment has already been completed for this site. 

	North West Wellingborough:
The North West of Wellingborough site (2,300 homes) includes an area of Environment Agency Zone 3 for Harrowden Brook.  
[image: image9.jpg][ Flood Zone 3
[ Flood Zone 2

[ Development Outlines
@ Development Poirts




	[image: image10.png]rcView GIS 3.3

Fle Edi View Theme Anabsis

Suface Generaize Grid TransfomGrid Graphics XTools PrelSIS PostISIS Window CleanUp Iranslomalion Help GridAnalst Gid Tools

B ¥ @ BN BRI Fd E FREE

B

HE] [Z1)

LN i OV i P = G R I S P P

2 View1

of pngian 2 vaashe
ol sngian_t2 vaashe

I Nene main tiver.chp

2

| Phaze_2_modeizshp
N

| Rivars_S0k_neneshp

| Mamad_civersnp
Aiedoe Brock
A Harpers Brook
A Harrowdan B

S Biidge Dyje
A/ Stads Braok
I swanspool Braok
A Wi Brook

I Nens oatohment.shp

1 i devstopmens: fo hatoow
=

1 N devstopment to 2021 juy
[}

I Key_towns_polygonshe
=]

| Distriets_boundaries.shp

] corby Distriot
[ East Northamptonshire D

[ wettering District
[ wellingborough D stict

of ostonast

| oss0k.at

Zooms in an the cerler of the display






	Comment
	This site includes the existing Harrowden Road flood storage reservoir. 


	Wellingborough East:
The Wellingborough East site (3,100 homes) includes a large area within Environment Agency Zones 2 and 3 for the River Ise and River Nene.  
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	Comment
	A Phase 2 flood risk assessment has already been completed for this site. 


	Wellingborough Town Centre:
Wellingborough Town Centre includes an area within the Environment Agency Zones 2 and 3 for Swanspool Brook.  
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	Comment
	GIS site outlines were not available, but examination of the Town Centre Plan indicates that part of ‘Site J’ is within the floodplain.  This site is designated a ‘cultural quarter’ with commercial and leisure properties on the ground flood and possibly residential properties on the upper floors.  Policy 10 of the plan states that “appropriate flood protection measures as advised by the Environment Agency” will be included in the development.  Should upper floors be developed for residential purposes, safe access routes must be provided to higher ground in the event of a flood.  


	Rushden:
Three sites in Rushden lie within or near Flood Zones 2 and 3 for the River Nene and Skew Bridge Dyke: West of Duck Street, a 9.6 ha site near Foxhill Farms, and the Skew Bridge site adjacent to the A45.
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	Comment
	The exact outline for the West of Duck Street site is not known. 


	Raunds:
West of High Street, Raunds, lies within the Environment Agency Zone 3 for Raunds Hog Dyke.  
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	Comment
	The exact outline of the West of High Street site is not known. 


	Thrapston:
Scotts Timber and Bridge Street (130 dwellings), Thrapston, may lie within the within the Environment Agency’s zones 2 and 3. 
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	Comment
	The exact outlines of these sites are not known.  There may be some level of protection afforded by existing flood defences. 


	Oundle:
St Peter’s Road and Riverside Hotel, Oundle, may lie within the Environment Agency’s zones 2 and 3. 
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	Comment
	The exact outlines of these sites are not known. 


Appendix B: Outline Storage Volume Calculations

Calculations have been provided to the District Councils in a separate document to prevent potential misinterpretation by third parties. 

Appendix C: Geology and SUDS

This appendix identifies suitable SUDS measures (infiltration or attenuation) across the North Northants region depending on bedrock and superficial geology.  This information is intended as a guide to enable opportunities for strategic SUDS to be identified.  Developers will need to undertake ground investigations to determine what SUDS should be applied at the individual site level.  

North Northants Geology

The bedrock geology of the North Northants area is complex.  In general, the bedrock of central-eastern England becomes progressively younger towards the south-east, changing from Triassic to Jurassic and Cretaceous rocks.  Within the North Northants area, this south-easterly trend is overlain by the effects of fluvial erosion, meaning that older rocks (e.g. Inferior Oolite and Upper Lias) are found in the river valleys while the upstream catchments consist of younger rocks such as Oxford Clay, Cornbrash and Great Oolite.    

The bedrock is in some places overlain by superficial deposits from the more recent Quaternary period.  In most locations, these deposits consist of till: unsorted sediments deposited in glacial episodes, including clays, sands, gravel and boulders. Along the River Ise and River Nene corridors, there are also alluvium deposits and river terraces.       

The permeability of each bedrock and superficial deposit depends on sediment properties such as grain size and porosity.  Clays have a low permeability, while gravels and limestones have a high permeability.  Table C.1 lists the permeabilities of each rock type found in the North Northants area. 
The geology and appropriate SUDS for each major development region is considered further in Table C.2. 
	Rock Type
	Description
	Permeability
	SUDS

	Bedrock (youngest to oldest)

	Oxford Clay and Kellaway Beds
	Silicate mudstone
	Low
	Attenuation

	Cornbrash
	Ferruginous limestone
	High
	Infiltration

	Great Oolite
	Graded from sandy clay to limestone
	Medium
	Infiltration and attenuation

	Inferior Oolite
	Limestone with sandstone and ironstone (the Lincolnshire Limestone and Northampton Sands)
	High
	Infiltration

	Upper Lias clays
	Mudstones, siltstones and sandstones
	Low to Medium
	Attenuation and infiltration

	Middle Lias clays
	Siltstones, sandstones, ironstones and limestones
	Medium
	Infiltration and attenuation

	Lower Lias clays
	Mudstones with some thin limestones
	Low to Medium
	Attenuation and infiltration

	Superficial deposits

	Alluvium
	Soils and sediments deposited by a river or other running water.
	Medium
	Infiltration and attenuation

	River Terraces
	Former floodplains deposited by rivers and abandoned as the river has downcut into the valley.   
	High
	Infiltration

	Lacustrine deposits
	Soils and sediments deposited under lake conditions. 
	Low
	Attenuation

	Glacial sands and gravel
	Sands and gravels deposited under glacial conditions. 
	Medium
	Infiltration and attenuation

	Till
	Unsorted glacial sediment, including clays, sands, gravels and boulders. 
	Low
	Attenuation


Table C.1: Permeability of rock types found in North Northants. 

Table C.2: Bedrock and superficial geology for each main development region. 
	Desborough and Rothwell

	Bedrock Geology

The sites overlie highly permeable Inferior Oolite and low-medium permeability Upper Lias. 
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	Superficial Deposits

The sites partially overlie Till, which has a low permeability. 

[image: image25.jpg]Superficial Geology

Alluyium

Glacial sand and gravel

Lacustrine deposits

River terrace deposits

Till





	[image: image26.png]2 ArcView GIS 3.3 |-[=]]

Fle Edi View Theme Anabsis Suface GenersizeGid TranslomGiid Graphics Window CleanUp Translomation Help PrelSIS PostISIS (GidAnabst Gid Tools

) ) @5l BI-)X @@ @@I B &) UIUHMUM 1]

= e m— BENT
ONSEOEEFE e K BARRY

2 View1 [_[ofx

| Ditriets boundaries 2]

of i developmentto:

of i developments
o

I Nene main tivershp
I Rivars_50k_nanest
I Named_civers_cins

ol Supsitiisl_sip.sho
5 ALLVIOw
SLACIAL AN
LacusTRIE
AVER TERR,

=

| Bedrosk_clip shp
[ combrash

Great Dolte
Inferior Dolte
Lower Lias

] Midale Liss

Oxtord Clay 2

] upper Lias

I Superficial_geclogy.

| Bedroskshp
[ AmptilClay. -

] nferior Dol
] Lower Greens
[ Lower Lias
] Midale Liss
[ open water
Oxtord Clay 2
Trisssio muds
Upper Lias

of ossonas

Rochuel!

Todge Fm

o0kt







	Kettering Town Centre and Kettering East

	Bedrock Geology

The Kettering Town Centre developments overlie permeable Inferior Oolite and impermeable Upper Lias. 

East of Kettering overlies permeable Great Oolite and Inferior Oolite. 
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	Superficial Deposits

The sites do not overlie any superficial deposits. 
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	Wellingborough

	Bedrock Geology

Wellingborough East overlies permeable Inferior Oolite and impermeable Upper Lias. 

North-West Wellingborough overlies permeable Great Oolite and Inferior Oolite. 
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	Superficial Deposits

North-West of Wellingborough includes an area of lacustrine deposits, which have a low permeability. 

Sites to the west of Wellingborough overlie impermeable Till. 

The Wellingborough East site includes alluvium deposits, which have a medium permeability.  
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	Rushden, Higham Ferrers & Irthlingborough

	Bedrock Geology

The geology in this region is highly variable, with 5 different bedrock types present. Permeability will vary widely from site to site.  
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	Superficial Deposits

The superficial deposits in this area include impermeable Till on higher ground and medium permeability Alluvium along the river corridor. 
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	Raunds

	Bedrock Geology

The developments in Raunds overlie low permeability Oxford Clay, high permeability Cornbrash, and medium permeability Great Oolite.  
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	Superficial Deposits

Some of the sites overlie low permeability glacial Till. 
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	Thrapston

	Bedrock Geology

The developments at Thrapston mainly overlie Upper Lias, which has a low to medium permeability. Sites to the east of the town overlie more permeable Oolites. 
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	Superficial Deposits

The sites over Alluvium and river terrace deposits, which have a medium to high permeability. 
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	Oundle

	Bedrock Geology

The bedrock geology of Oundle is highly variable and site permeability will depend on the specific location of each development.  
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	Superficial Deposits

Some sites overlie Alluvium and river terrace deposits which have a medium to high permeability. 
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Appendix D: Modelling Strategic Solutions
This Appendix describes the modelling work used to evaluate strategic storage schemes in the River Ise catchment.  The options considered were: 

1. Attenuating flows on the River Ise upstream of Geddington, through construction of a new flood storage facility. 

2. Attenuating flows on Slade Brook upstream of the railway culvert, through construction of a new flood storage facility to remove pressure on the railway embankment. 

3. Attenuating flows in the Thorpe Malsor and Cransley reservoirs catchment.  This could be achieved either through adaptation of the existing disused public water reservoirs, or through construction of new flood storage facilities. 
4. Increasing the spillway height at the existing Slade Brook Leisure Village reservoir to store additional flows. 
5. Combinations of the above measures. 
For each option, flows downstream of the proposed storage location were reduced to 75%, 50%, and 25% of the peak 100 year flow.  This broad-brush approach gives an indication of the potential benefits of each scheme.  Further hydraulic and hydrologic analysis would be required to identify an appropriate design flow at the detailed design stage of any scheme.  

Each option was initially tested using the River Ise tributary hydraulic model.  Results were examined to identify firstly whether the scheme successfully alleviated the impacts of development on flood levels, and secondly to identify any increased flood protection compared to pre-development levels.  Schemes that were shown to provide benefit at the local level were then tested for their wider catchment implications using the Middle Nene model.  
It should be noted that the NCSM model used for this analysis represents a snapshot of the catchment in Autumn 2006.  When the flood maps generated by the model were analysed, a number of modifications were made to areas which have had flood defence schemes constructed more recently than the model survey input information.  This includes a number of critical locations on Slade Brook.  Before any detailed design of strategic flood storage facilities takes place, an update to the NCSM will be required to ensure the model accurately represents current conditions.  Nevertheless, the model is considered suitable for the broad-scale evaluation of schemes presented below.    
Option 1: River Ise upstream of Geddington

Flows in the River Ise (upstream of Kettering) were reduced to examine whether this option could mitigate the effects of development and improve flood protection standards through Kettering.  Flows were limited to baseflow levels (1 m3/s), and 25% (7 m3/s), 50% (14 m3/s) and 75% (20 m3/s) of the peak 100 year discharge.  The results showed that the increase in water levels in the River Ise near Burton Latimer due to development could be offset if peak flows were limited to 50%.  This option also reduced water levels in Kettering by up to 0.7 m below pre-development flood levels, and in Slade Brook for approximately 500 m distance upstream of the confluence.  However, there was no effect on the high levels in the upper reaches of Slade Brook where mitigation is most required, while most benefit was gained in areas that already have a high standard of flood protection.  Therefore this option was not considered further.   

Option 2: Slade Brook upstream of the railway culvert

The Pre-Feasibility study for Kettering (Environment Agency, 2004) showed that providing a flood storage facility on Slade Brook upstream of the railway culvert was the most cost-effective measure for reducing flood risk in Kettering and preventing erosion of the railway embankment.  However, the scheme did not have a sufficiently high priority score to attract Defra funding at the time.   

The potential of the scheme for alleviating the effects of development were tested by limiting flows to 25% (1 m3/s), 50% (2 m3/s) and 75% (3 m3/s) of the peak 100 year discharge.  The results showed that restricting flows to 2 m3/s could negate the impacts of development and offer an improved standard of flood protection in most locations along the Slade Brook.  This would require approximately 200,000 m3 storage volume for the 100 year event excluding climate change.  This would increase to approximately 300,000 m3 when climate change is included as a 20% increase in flow.      

Option 3: Thorpe Malsor and Cransley  reservoirs catchment

Flooding downstream of the Slade Leisure Village Detention Reservoir is a particular concern as land use there includes a residential care home.  Residential institutions are classed as ‘more vulnerable’ in PPS25 and should have an indicative flood protection standard of between 1 in 100 and 1 in 1000 year probability of flooding.

The Leisure Village reservoir is located at the confluence of the Slade Brook with a main tributary which drains an area of 27 km2 to the east of Kettering, including the villages of Thorpe Malsor, Great Cransley and Broughton.  This tributary contributes a peak flow of 9.6 m3/s in the 100 year event, increasing to 10.3 m3/s when the unattenuated effects of development are included.  This is significantly larger than the 4.1 m3/s peak flow in the Slade Brook upstream of the railway culvert, and therefore restricting flows in this catchment may have a more beneficial impact on flood levels in the Slade Brook downstream of the Leisure Village.  
The River Ise model does not explicitly include this tributary of the Slade Brook as a separate watercourse.  Instead, the flow from the catchment is modelled as a hydrograph input at the Leisure Village reservoir.  This hydrograph was capped at 75% (7.7 m3/s), 50% (5.1 m3/s), and 25% (2.6 m3/s) of the peak flow to test the effects of flow storage in this catchment on flood levels downstream.  The total volume of flow from the catchment was maintained.  Options for the location of the flow storage could include Thorpe Malsor reservoir, Cransley reservoir, or attenuation on agricultural fields using embankments.  Should this option be taken forward, further hydrological and hydraulic modelling will be needed to identify where flow can be best stored.

The results showed that restricting flows from this catchment to 50% of the original peak could mitigate the effects of development on flood levels downstream of the Leisure Village reservoir, requiring approximately 220,000 m3 storage for the 100 year event (330,000 m3 when climate change is included).  Restricting flows to 25% reduced pre-development flood levels by 0.1 – 0.2 m, requiring an additional 210,000 m3 storage (250,000 m3 including climate change).   However, there was also no amelioration of flood levels upstream of the Leisure Village.  Therefore this option in isolation could not be used to mitigate the effects of unattenuated discharge from developments in Kettering on flood levels in the Slade Brook.  

Option 4: Slade Brook Leisure Village reservoir

A final possibility for improved flood storage in the Slade Brook catchment is improved utilisation of the Leisure Village reservoir.  Recent studies have indicated that the reservoir provides little attenuation of flows even in the 1 in 5 year event, as a result of high flow rates over its three spillways.  In order to test the effects of improved flow attenuation, the spillway height was increased by 1, 2 or 3 m elevation to increase the storage volume available.  However, the results showed that even when the spillway height was increased to 3 m, the effects of development on peak water levels downstream were not fully alleviated.  This is because the reservoir storage reaches full capacity before the hydrograph peak arrives, even when the available storage is increased by 3 m elevation.  This indicates that the reservoir is too small to attenuate flows in its current form, simply by raising spillway levels.  In practice, raising the spillway levels by 3 m would be impractical and undesirable as the flood risk to nearby properties in the event of a breach would be significantly increased.    

One possible improvement may be to include a small orifice outflow structure to reduce water levels below the current spillway height and thereby generate additional storage for flood water.  The orifice could be sized and controlled to allow the initial stages of the hydrograph to pass through unattenuated and then store only the peak flows.  However, current survey information for the lake does not indicate that a large storage area is available below the existing water levels.  Dredging and re-survey of the lake bottom levels would be needed before such a scheme could be evaluated further.  

The Leisure Village reservoir is small and currently offers little or no enhanced flood protection to properties alongside Slade Brook.  Initial investigations of the potential effects of increased storage area (by raising the spillway levels) suggests that more sophisticated control structures that allow the initial rise in water levels to pass through unattenuated in order to store peak flows would be needed if the reservoir function was to be improved.  However, the potential effects of these measures are unknown, and further investigation would require dredging and re-survey of the lake. 
Option 5: Combined measures

The initial options appraisal above suggests that Option 2 (storage on Slade Brook upstream of the railway culvert) and Option 3 (storage in the Thorpe Malsor and Cransley reservoirs catchment) offer the most potential as strategic flood risk mitigation measures in the River Ise and Slade Brook catchment.  Therefore, a combined Option 5 was tested, whereby flows were restricted in both locations, in order to give maximum improvement to flood levels.  The effects of development could be mitigated and flood levels reduced by up to 0.1 m compared to pre-development levels when flows through the railway culvert were restricted to 50% and when inflows from the reservoirs catchment were restricted to 75%.  This would require approximately 200,000 m3 storage upstream of the railway culvert and 67,000 m3 storage in the reservoirs catchment for the 100 year event (300,000 m3 and 160,000 m3 respectively including climate change). 

Effects on the Middle Nene catchment
The River Nene CFMP indicates that the phasing of tributary discharges may be critical to the magnitude of flood flows further downstream in the catchment.  A particular concern for the Environment Agency is that development in the tributaries may modify this phasing.  There is concern that the emptying of storage reservoirs constructed to mitigate additional runoff may in fact exacerbate flooding further downstream if the timing of flood peaks changes.      

Existing tributary phasing

In the design conditions used in the NCSM, peak flows from Willow Brook and Harper’s Brook pass Wansford approximately 40 to 50 hours before the larger flood peak from the Upper Nene and River Ise arrives.  This means that the predicted hydrograph at Wansford has two flood peaks: a smaller, first peak representing flows from Willow Brook and Harper’s Brook, and a second larger main flood peak representing flows from the River Ise and Upper Nene.  

However, the NCSM design conditions assume that uniform rainfall falls across the entire Nene catchment.  In reality, rainfall patterns can vary significantly over short distances, leading to a range of timings of tributary flows.  This range in tributary phasing was investigated using analysis of recent flood episodes (1998-2007), focussing on flood levels at Wansford.  The analysis showed that there was a wide variability in the recorded response and timings of flood events.  While the order of tributary peaks was reasonably consistent (for example, Harper’s Brook is considerably ‘flashier’ than Willow Brook and the River Ise), the time between peaks varied over an order of magnitude, from 1 hour to more than 24 hours. 

In order to understand the sensitivity of flood levels to tributary phasing patterns, the hydrographs in the NCSM were delayed by different amounts to simulate variable rainfall patterns or flow attenuation in the tributary catchments.  The results showed that peak flows could be increased by delays in Harper’s Brook and Willow Brook, or by more rapid flows from the River Ise and Upper Nene.  These conditions could result from a storm moving north-eastwards through the catchment, or by flow attenuation facilities in Harper’s Brook and Willow Brook.  Flood discharges could also be slightly increased by delays in the River Ise flows relative to those of the Upper Nene, as in the design phasing the River Ise flows arrive at the main Nene channel approximately 5 hours earlier than the flows from the Nene in Northampton.   

However, analysis of the observed data revealed that the most important control on peak flow was the antecedent field conditions, rather than the phasing of tributary inflows.  For example, small storms occurring rapidly after other rainfall episodes led to disproportionately high flood peaks.  This means that management attempts to reduce peak flows by holding water back in some tributaries could actually result in a greater flood risk should a second storm arrive before all water has passed from the catchment.  Therefore, any strategic attenuation facilities must have management flexibility for storing or releasing water in anticipation of incoming rainfall events. 

Effects of Slade Brook storage on the Middle Nene

The potential effects of flow attenuation in Slade Brook on flood risk downstream was investigated using the NCSM Middle Nene model.  The results showed that peak water levels were not increased, and in some locations, were reduced by up to 0.05 m. However, the total volume of water passing through the system was increased in the longer duration storms.  This is a result of the changes in hydrograph shape with storm duration.  Longer duration storms have a more elongated shape and a smaller peak compared to shorter duration storms.  This means that in longer duration storms, there is less flow over the threshold for attenuation (e.g. the 2 m3/s maximum flow limit at the Slade Brook railway culvert), and therefore a smaller volume of water is stored (Figure C.1).        

For the Middle Nene, the increase in volume is not critical as there is no overall increase in peak water level.  However, the additional water passed downstream could have negative impacts on the Lower Nene flood levels.  In order to mitigate the increase in runoff volume due to development during longer duration storms, flow should be limited to a lower threshold during those events.  This would require a flow control structure such as a sluice gate that can be easily adjusted to attenuate to different flow rates depending on the storm duration anticipated.   
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Figure C.1: Effects of hydrograph duration on volume of runoff storm. 

Appendix E: Developer Checklist

A collaboration between the EA, the World Wildlife Fund, SEEDA, and others has resulted in a web based sustainability checklist which covers Climate Change and Energy (including water resources, water efficiency and site infrastructure), Ecology and Place Making.  This resource provides comprehensive information for sustainable development and should be referred to by developed and planners.  This application may be found at http://www.environment-agency.gov.uk/research/planning/33368.aspx.

Developers are also recommended to consult the interactive pdf that accompanies this report.  This summarises the recommendations of this Water Cycle Strategy and will help the developer to understand which recommendations are applicable depending on the location of the development.   
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In a short duration storm, the total volume of runoff generated is small, and a large percentage is stored





In a long duration storm, the total volume of runoff generated is large, and a small percentage is stored
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