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EXECUTIVE SUMMARY 

jnpgroup was commissioned by Wates Developments Ltd to undertake a Preliminary Flood Risk 
Assessment and Drainage Strategy for a proposed development located at Wixam Woods, Bedford. 

The proposed development is intended to comprise of between 400-450  No. residential dwellings 
with access provided from  the A6 which runs along the eastern boundary of the site. 

The redline boundary of the site measures approximately 24.84ha and is made up of six fields currently 
used for agriculture and part of another field to the south with development on 4 or 5 of these fields. 
The developed area equates to approximately half of the redline boundary which is approximately 
12.5ha. The site is bounded to the east by the A6, agricultural fields to the south and another 
residential development to the north. A dirt road runs parallel to the A6 providing access each field. 

The site is located on a hill which peaks within the southernmost field. Levels fall to the north-west 
and south-east towards the two watercourses. South of the southern watercourse, levels fall north, 
towards the watercourse. 

An ordinary watercourse runs along the north-western boundary of the site flowing north-east where 
it joins a ditch which serves residential properties on Bedford Road. It then flows under the A6 via a 
600mm diameter culvert. Another watercourse flows parallel to this watercourse before turning west 
and discharging into a holding pond. 

A watercourse passes through the southern part of the site flowing in a north-easterly direction. It 
passes under the dirt road via 2x900mm diameter culverts and emerges briefly before passing under 
the A6 via a 1800mm diameter culvert. A 300mm dia. inlet discharges run-off from a highway ditch, 
into the watercourse prior to it flowing into the 1800mm dia. culvert. 

An interception ditch runs along the southern-western boundary of the site. This ditch intercepts 
overland flows from the southern fields outside of the site boundary and directs them into the 
northern and southern watercourses. 

The Environment Agencies ‘Flood Risk from Rivers and Sea’ maps show that a small area adjacent to 
the northern boundary watercourse is identified as Flood Zone 2. The plans indicate that this 
watercourse was modelled in detail due to the neighbouring development to the north. The maps do 
not identify any flooding along the southern watercourse which indicates that no flood modelling has 
been produced for this stretch of watercourse. 

Preliminary hydraulic modelling has been undertaken as summarised in this report, concluding that 
the risk to the development from flooding of the southern watercourse is low and only a small area 
adjacent to the downstream boundary along the A6 shown to be within the modelled Flood Zone 2. 
No development is proposed in this area. 

The Environment Agency and Bedford Borough Council’s SFRA plans indicate surface water flooding 
along in high and medium risk events within the vicinity of the watercourses and low risk events 
showing a larger flood extent spanning into the site. 

The hydraulic modelling demonstrates that this surface water flood risk does not result from the 
watercourses. Furthermore, a preliminary drainage system is proposed manage all surface water 
generated within the proposed development, thus managing the risk of surface water flooding and 
ponding from within the site. 

The Bedford Borough Council’s SFRA indicates that the site is identified as an area with a low 
susceptibility of Groundwater Flooding (less than 25%).  
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The SuDS hierarchy states that the developments surface water run-off should first be considered for 
discharge via infiltration, if this is not feasible it should be discharged to a nearby watercourse or if 
there are no watercourses nearby, the public sewer. 

Infiltration is not likely to be feasible as the site is underlain by a low permeability mudstone bedrock. 
This will be confirmed in due course by in-situ ground investigation and BRE 365 infiltration testing. 

The proposed development surface water drainage will mimic the existing site drainage; run-off will 
be conveyed by a combination of a piped network and conveyance swales to the existing watercourses 
via detention basins sized to store surface water generated in the 1 in 100 year storm event plus a 40% 
allowance for climate change. Outflow into the watercourses will be restricted to the existing 
greenfield Qbar runoff rate. 

The proposals integrate SuDS within the concept masterplan in line with best practice SuDS guidance 
to convey, store, and treat run-off prior to discharge from site, thereby preventing flooding or pollution 
to the receiving watercourses. 

The closest public foul sewer is located 490m north of the development area, within Bedford Road. It 
is likely that a pump station will be needed to lift flows from the site up into a new sewer in the A6 
which is higher than the site, from here a new sewer will run north to Bedford Road.  
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1 INTRODUCTION 

1.1 Terms of Reference 

1.1.1 JNP Group has been commissioned by Wates Development Ltd. to prepare a flood risk 
assessment for the proposed development in Wixam Woods, Bedford. 

1.1.2 This report assesses flood risk at the development site from all potential sources and 
describes the measures adopted in the master planning process to manage such risks. It has 
been prepared in compliance with current policies and best practices. 

1.2 Policy Framework and Key Stakeholders 

1.2.1 The National Planning Policy Framework (NPPF) (February 2019) sets strict tests to protect 
people and property from flooding which all local planning authorities are expected to follow. 
Where these tests are not met, national policy is clear that new development should not be 
allowed. 

1.2.2 In areas at risk of flooding or for sites of one hectare (ha) or more, developers must undertake 
a site-specific flood risk assessment to accompany applications for planning permission (or 
prior approval for certain types of permitted development). 

1.2.3 In decision-taking, local planning authorities must ensure a sequential approach to site 
selection and master planning is followed so that development is, as far as reasonably 
possible, located where the risk of flooding (from all sources) is lowest, taking account of 
climate change and the vulnerability of future uses to flood risk. 

1.2.4 Where development needs to be in locations where there is a risk of flooding, local planning 
authorities and developers must ensure development is appropriately flood resilient and 
resistant, safe for its users for the development’s lifetime, and will not increase flood risk 
elsewhere. 

1.2.5 The Environment Agency (EA) is a statutory consultee on applications where there is a risk of 
flooding from the sea or main rivers. 

1.2.6 Lead local flood authorities (unitary authorities or county councils) are responsible for 
managing local flood risk from ordinary watercourses, surface water or groundwater, and for 
preparing local flood risk management strategies. Local planning authorities work with lead 
local flood authorities to ensure local planning policies are compatible with the local flood 
risk management strategy. 

1.2.7 Bedford Borough Council (BBC) is the lead local flood authority (LLFA) and its strategy for 
managing local flood risk is set out in its Local Flood Risk Management Strategy (November 
2015). 

1.2.8 Bedford Borough Council is also the local planning authority (LPA) and its policies on flood 
risk management are set out in Bedford Borough Local Plan 2030 (January 2020). 

1.2.9 Where relevant, local planning authorities and developers must also take advice from: 

• Internal drainage boards (IDB); to identify the scope of their interests. 

• Sewerage undertakers; to ensure they can assess the impact of new development on their 
assets and plan any required improvements. Anglian Water (AW) is the local sewerage 
undertaker. 
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• Reservoir undertakers; to avoid an intensification of development within areas at risk 
from reservoir failure and ensure they can assess the cost implications of any reservoir 
safety improvements required due to change in land use downstream of their assets. 

• Navigation authorities: in relation to developments adjacent to, or which discharge into, 
canals (especially where these are impounded above natural ground level). 

1.3 Sources of Information 

1.3.1 This flood risk assessment has been based on the following sources of information: 

• Bespoke topographic survey undertaken by CD Surveys Ltd. in January 2020; 

• British Geological Survey’s GeoIndex; 
(http://mapapps2.bgs.ac.uk/geoindex/home.html) 

• Cranfield University’s soils data; 
() 

• DEFRA / EA’s aquifer and source protection data 
(https://magic.defra.gov.uk/MagicMap.aspx) 

• British Geological Survey’s borehole scans; 
(http://mapapps.bgs.ac.uk/geologyofbritain/home.html) 

• UK Centre for Ecology & Hydrology’s catchment and rainfall data; 
(https://fehweb.ceh.ac.uk/) 

• EA’s Flood Map for Planning; 
(https://flood-map-for-planning.service.gov.uk/) 

• EA’s Long-Term Flood Risk Information; 
(https://flood-warning-information.service.gov.uk/long-term-flood-risk/map) 

• BCC’s Upper River Great Ouse Tri Lead Local Flood Authority Preliminary Flood Risk 
Assessment for Bedford Borough Council, Central Bedfordshire Council and Milton Keynes 
Council (PFRA) (June 2011); 

• BCC’s Level 1 Strategic Flood Risk Assessment (SFRA) (June 2015); 

• Preliminary Flood Risk Modelling (ref. C86343-JNP-XX-XX-RP-C-1002) undertaken by JNP 
Group in July 2020; 

• AW’s Asset Location Plan. 

http://mapapps2.bgs.ac.uk/geoindex/home.html
https://magic.defra.gov.uk/MagicMap.aspx
http://mapapps.bgs.ac.uk/geologyofbritain/home.html
https://fehweb.ceh.ac.uk/
https://flood-map-for-planning.service.gov.uk/
https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
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2 DEVELOPMENT SITE 

2.1 Location 

2.1.1 The development site is located south of Wixam and west of Wilstead, in Bedford, 
Bedfordshire (Table 2.1, Figure 2.1 and Appendix A). 

2.1.2 The 24.84 hectare greenfield site is bounded by residential developments to the north, the 
A6 to the east and agricultural fields to the south and west. The developed area equates to 
approximately half of the redline boundary, equating to 12.5ha. 

Table 2.1: Site Location 

OS X OS Y National Grid Reference Nearest Postcode 

505700 243700 TL 05700 43700 MK42 6DZ 

 
Figure 2.1: Site Location 

 

2.2 Topography 

2.2.1 The available topographic information (Appendix A) shows that ground levels within the 
flattish development site range between 36.5 m AOD (south-west) and 30.6 m AOD 
(north-east), falling towards the ordinary watercourses along the site’s southern and 
northern boundaries with slopes of 1:150 to 1:130.towards. 

2.3 Hydrology 

2.3.1 The development site is bounded by ordinary watercourses along its southern and northern 
boundaries. 

2.3.2 The southern watercourse flows west to east along the site’s southern boundary, crossing an 
access track (2 x Ø900 mm culvert) just before leaving the site under the A6 (Ø1800 mm 
culvert). The southern watercourse is classified as an ordinary watercourse and defines a 
catchment area of 2.9 km² (Appendix A) at the point where it leaves the development site 
under the A6. 
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2.3.3 The northern watercourse flows south-west to north-east along the site’s northern 
boundary, leaving the site through a (Ø600 mm) culvert under the A6. The northern 
watercourse is classified as an ordinary watercourse and defines a catchment area of 
0.92 km² (Appendix A) at the point where it leaves the development site under the A6. 

2.3.4 A large swale part of the adjacent residential development’s sustainable drainage system 
runs parallel to the northern watercourse before veering north-west and discharging into a 
detention basin. 

2.3.5 The development site also comprises several land drainage ditches connected to the 
southern and northern watercourses. 

2.4 Geology and Hydrogeology 

2.4.1 In accordance with BGS’ GeoIndex, the development site lies on mudstone bedrock 
(Peterborough Member) underlying pockets of superficial deposits of clay, silt, sand and 
gravel (in the south part of the site). Cranfield University’s Soilscapes describes the site’s soils 
as “lime-rich loamy and clayey soils with impeded drainage”. 

2.4.2 DEFRA / EA’s MAGIC mapping classifies the site’s bedrock and superficial deposits as 
Unproductive Strata. 

2.4.3 The EA defines Unproductive Strata as “layers of rock or drift deposits with low permeability 
that have a negligible significance for water supply or river base flow”. 

2.4.4 In accordance with DEFRA / EA’s MAGIC mapping, the development site is not in a source 
protection zone. 

2.4.5 BGS’ Geology of Britain Viewer has no (publicly available) borehole records within 250 m of 
the development site. 

2.4.6 Based on the available geologic and hydrogeologic information – namely the permeability of 
the mudstone bedrock – infiltration drainage is unlikely to be feasible at the development 
site. Nevertheless, this must be confirmed through a bespoke ground investigation including 
infiltration tests in accordance with BRE 365. 
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3 PROPOSED DEVELOPMENT 

3.1.1 The proposed residential development (Figure 3.1 and Appendix B) comprises approximately 
400-450 dwellings with associated infrastructure (i.e. access roads, parking areas and public 
open spaces). 

3.1.2 As the proposed development is currently in an early concept stage, its impermeable area 
has been estimated based on typical values for developments of similar nature and 
dimension. This equates to 55% of the developed area, which measures 12.5ha. This includes 
approx. 8.45 ha of hard paved / impermeable surfaces (e.g. roofs, roads, driveways, parking 
areas, etc.) and 1.3 ha of soft paved / permeable surfaces (e.g. gardens, green corridors, 
public open spaces, etc.). 

3.1.3 Under Table 2 of the Flood Risk and Coastal Change Guidance (March 2014), the proposed 
residential development is classified as more vulnerable. 

https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-2-Flood-Risk-Vulnerability-Classification
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Figure 3.1: Proposed Development 
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4 FLOOD RISK ASSESSMENT 

4.1 Overview 

4.1.1 All potential sources of flood risk at the development site have been assessed based on the 
information listed in Section 1.3 and are summarised in Table 4.1. The key sources of flood 
risk to the proposed development are further described in the ensuing sections. 

Table 4.1: Potential Sources of Flood Risk 

Source Flood Risk 

Fluvial Very low to low risk of fluvial flooding from the southern watercourse. 

Surface Water Very low risk of surface water flooding in general, but low to high risk expected along the 
southern and northern watercourses. 

Groundwater Unconfirmed risk, but underlying geology (i.e. low-permeability mudstone bedrock) 
suggests low risk of groundwater flooding (subject to confirmation via bespoke ground 

investigation). 

4.2 Climate Change 

4.2.1 The NPPF sets out how the planning system should help minimise vulnerability and provide 
resilience to the impacts of climate change. This includes demonstrating how flood risk will 
be managed now and over the development’s lifetime, taking climate change into account. 

4.2.2  In accordance with the EA’s guidance Flood Risk Assessment: Climate Change Allowances 
(February 2016), the proposed development with anticipated life span into the 2080’s (2070 
to 2115) must take account of the following allowances: 

• Peak River Flows (Anglian river basin district) 

▪ Central ....................................................................................................... 65% 

▪ Higher Central ............................................................................................ 35% 

▪ Upper End .................................................................................................. 25% 

• Peak Rainfall Intensity 

▪ Central ....................................................................................................... 40% 

▪ Upper End .................................................................................................. 20% 

4.3 Fluvial Flood Risk 

4.3.1 Fluvial flooding occurs when a catchment area receives greater than usual amounts of water 
(e.g. rainfall or snow melt). When the converging runoff exceeds the conveyance capacity of 
the receiving channel, water spills onto the surrounding floodplains and fluvial flooding 
occurs. 

4.3.2 Fluvial flooding usually occurs hours or days after heavy and / or prolonged rainfall and its 
effects often last several hours or days. 

4.3.3 Besides posing a direct flood risk to floodplain areas, high water levels in watercourses can 
exacerbate other sources of flood risk by surcharging / locking outfalls, thus preventing the 
normal discharge of flows or even back flowing into tributary drainage systems. 

4.3.4 In accordance with the EA’s Flood Map for Planning (Figure 4.1 and Appendix C), the site is 
almost entirely in Flood Zone 1 (< 0.1% AEP), with the exception of a very small area of Flood 
Zone 2 (0.1% to 1.0% AEP) adjacent to the northern watercourse. 

https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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4.3.5 The development site does not benefit from any formal flood defences. 

Figure 4.1: Flood Map for Planning 

 

4.3.6 BCC’s PFRA and SFRA (Appendix C) largely confirm the flood extents in the EA’s Flood Map 
for Planning. However, the SFRA’s modelled flood zones for the southern watercourse 
appear to extent into the development site, suggesting even Flood Zone 2 (i.e. 0.1% AEP) 
stays in-bank. 

4.3.7 There are no records of historic flooding at the site, with the nearest recorded incidents (by 
the local IDB) located in the surrounding villages of Wixams, Duck End and Wilstead. 

4.3.8 As the available large scale fluvial flood risk information does not cover the ordinary 
watercourses along the site’s southern and northern boundaries, preliminary site-specific 
hydraulic modelling was undertaken by JNP Group in July 2020 (ref. C86343-JNP-XX-XX-RP-
C-1002) to better assess fluvial flood risk at the development site. This has been included in 
Append C. 

4.3.9 The preliminary hydraulic modelling predicts that fluvial flows stay largely in-bank along both 
the southern and northern watercourses for the baseline / best estimate scenario and for all 
storm events considered (i.e. 3.3%, 1.0%, 1.0% +35%, 1.0%+65% and 0.1% AEP), with 
negligible impact on the developable area. 

4.3.10 Even when estimated flows are conservatively increased by 50%, results show that fluvial 
flows stay largely in-bank along both watercourses for storm events up to 1.0% AEP + 35%, 
with more significant flooding of the site’s low-lying area adjacent to the A6 (southern 
watercourse) only predicted for the most extreme storm events (1.0% AEP + 65% and 
0.1% AEP) (Appendix C). 

4.3.11 The flood risk management measures proposed to deal with the low fluvial flood risk 
estimated for the development site are described in Section 5.2. 
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4.4 Surface Water Flood Risk 

4.4.1 Surface water flooding is a description for excessive overland flows that have yet to enter a 
natural or manmade receptor (e.g. aquifer, watercourse, or sewer). Surface water flooding 
also occurs when the amount of runoff exceeds the capacity of the collecting system and 
spills onto overland flow routes. 

4.4.2 Surface water flooding is usually the result of very intense, short lived rainfall events, but can 
also occur during milder, longer lived rainfall events, when collecting systems are at capacity 
or the ground is saturated. It often results in the inundation of low points in the terrain. 

4.4.3 In accordance with the EA’s Long Term Flood Risk Information (Figure 4.2 and Appendix C), 
the development site is mostly at very low (< 0.1% AEP) risk of surface water flooding. 
However, significant areas near the southern and northern watercourses are at low (0.1% to 
1.0% AEP), medium (1.0% to 3.3% AEP) and high (> 3.3% AEP) risk of surface water flooding. 

Figure 4.2: Flood Risk from Surface Water 

 

4.4.4 BBC’s PFRA and SFRA are based on the EA’s Long Term Flood Risk Information and do not 
provide any additional information regarding surface water flood risk. 

4.4.5 The available information suggests that surface water flood risk is largely due to off-site 
runoff reaching the development site via the southern and northern watercourses, 
effectively providing a coarse proxy for fluvial flood risk. However, as described in Section 4.3, 
the preliminary site-specific hydraulic modelling of the southern and northern watercourses 
shows that these pose a low flood risk to the proposed development. 

4.4.6 In addition, the land drainage ditch spanning the south-western boundary of the site 
(between the southern and northern watercourses) is expected to intercept any out-of-bank 
flows reaching the development site via overland routes. 

4.4.7 Any surface water flood risk at the proposed development is expected to be the result of 
runoff generated on site and shall be managed by the general measures described in 
Section 5.3. and the sustainable drainage strategy described in Section 6. 
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4.5 Groundwater Flood Risk 

4.5.1 Groundwater flooding occurs when the level of water filling the pores and / or cracks in the 
underlying soil and / or rock (i.e. water table) rises and emerges on the surface. The level of 
the water table varies seasonally and depends upon long term rainfall, thickness and porosity 
of the underlying strata and groundwater abstraction. 

4.5.2 Groundwater flooding is most common in areas where the underlying bedrock and superficial 
deposits are very porous, but it can also happen at locations where superficial layers of sand 
or gravel overlay impermeable bedrock. 

4.5.3 Groundwater flooding usually occurs after days or weeks of prolonged rainfall and often lasts 
for days or weeks, as subsiding of the water table can be a very slow process. 

4.5.4 Besides posing a direct flood risk to developments (particularly basements), high water table 
levels can exacerbate other sources of flood risk by preventing infiltration and / or leaking 
into drainage systems. 

4.5.5 In accordance with the BBC’s SFRA, the development site is in an area with low (< 25%) 
susceptibility to groundwater flooding. The SFRA states that the only recorded case of 
groundwater flooding in Bedfordshire occurred in Keysoe, approximately 20 km north of the 
development site. 

4.5.6 All available geologic, hydrogeologic and flood risk information indicate a low risk of ground 
water flooding at the development site. Nevertheless, this should be confirmed by a bespoke 
ground investigation in due course. 
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5 FLOOD RISK MANAGEMENT 

5.1 Sequential and Exception Tests 

5.1.1 The sequential, risk-based approach to the location of development is designed to ensure 
that areas at little or no risk of flooding from any source are developed in preference to areas 
at higher risk. The aim is to keep development out of medium and high flood risk areas (Flood 
Zones 2 and 3) and other areas affected by other sources of flooding where possible. 

5.1.2 Application of the sequential approach in the master planning process, in particular 
application of the Sequential Test, helps ensure that development can be safely and 
sustainably delivered, and developers do not waste resources promoting proposals which are 
inappropriate on flood risk grounds. 

5.1.3 The Sequential Test ensures that a sequential approach is followed to steer new development 
to areas with the lowest probability of flooding. The aim is to steer new development to Flood 
Zone 1 (areas with a low probability of sea or river flooding). Where there are no reasonably 
available sites in Flood Zone 1, local planning authorities in their decision making should take 
into account the flood risk vulnerability of land uses and consider reasonably available sites 
in Flood Zone 2 (areas with a medium probability of sea or river flooding), applying the 
Exception Test if required. Only where there are no reasonably available sites in Flood Zones 
1 or 2 should the suitability of sites in Flood Zone 3 (areas with a high probability of sea or 
river flooding) be considered, taking into account the flood risk vulnerability of land uses and 
applying the Exception Test if required. 

5.1.4 Table 2 of the Flood Risk and Coastal Change Guidance categorises different types of uses 
and development according to their vulnerability to flood risk. Table 3 of the Flood Risk and 
Coastal Change Guidance (Table 5.1) maps these vulnerability classes against flood zones to 
indicate where development is appropriate and where it should not be permitted. 

Table 5.1: Flood Risk Vulnerability and Flood Zone Compatibility 

Flood Zone 

Flood Risk Vulnerability 

Essential 
Infrastructure 

Highly 
Vulnerable 

More 
Vulnerable 

Less 
Vulnerable 

Water 
Compatible 

Zone 1 ✓ ✓ ✓ ✓ ✓ 

Zone 2 ✓ Exception Test ✓ ✓ ✓ 

Zone 3a Exception Test  Exception Test ✓ ✓ 

Zone 3b Exception Test    ✓ 

Key: 

✓ Development is appropriate 

 Development should not be permitted 

 

5.1.5 The Exception Test is a method to demonstrate and help ensure that flood risk to people and 
property will be managed satisfactorily, while allowing necessary development to go ahead 
in situations where suitable sites at lower risk of flooding are not available. 

5.1.6 Essentially, the two parts of the Exception Test require proposed development to show that 
it will: 

• Provide wider sustainability benefits to the community that outweigh flood risk; and 

• Be safe for its lifetime, without increasing flood risk elsewhere and where possible reduce 
flood risk overall. 

https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-2-Flood-Risk-Vulnerability-Classification
https://www.gov.uk/guidance/flood-risk-and-coastal-change#Table-3-Flood-risk-vulnerability
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5.1.7 The ensuing sections describe how the sequential approach to the location of development 
shall be implemented in the proposed development’s master planning, precluding any need 
for the Sequential or Exception Tests. 

5.2 Fluvial Flood Risk 

5.2.1 The following fluvial flood risk management measures shall be incorporated in the proposed 
development’s master plan: 

• All more vulnerable parts of the proposed development (i.e. residential dwellings and 
emergency access / egress routes) shall be located entirely outside of Flood Zones 2 and 
3 (including the predicted impacts of climate change). 

• External ground levels shall be located at least 300 mm above the relevant 1.0% AEP + 
65% (climate change allowance) flood level. 

• Finished floor levels shall be at least 600 mm above the relevant 1.0% AEP + 65% flood 
level. 

• Any floodplain impingement for events up to 1.0% AEP + 65% shall be compensated on 
site in a level-by-level, volume-by-volume manner. 

5.3 Surface Water Flood Risk 

• As discussed in Sections 4.4.4 - 4.4.7, surface water flood risk is low, therefore no 
mitigation other than the maintenance of existing ditches/watercourses will be required. 

• As per the existing drainage regime, off-site runoff reaching the development site from 
the south will be intercepted by a boundary ditch which will direct run-off to the northern 
and southern watercourses as (Section 6 and D) before discharge offsite via the A6. The 
boundary ditch will be enhanced to retain its drainage capacity. 

5.4 Groundwater Flood Risk 

5.4.1 The location and depth of SuDS features and underground structures (e.g. foundations and 
drainage infrastructure) must consider groundwater levels in their design and construction. 

5.4.2 Despite the expected low risk of groundwater flooding, groundwater monitoring shall be 
undertaken at a later stage to confirm groundwater levels and steer the design of SuDS 
features and underground structures. 
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6 SURFACE WATER DRAINAGE STRATEGY 

6.1 Existing Drainage (Greenfield Runoff) 

6.1.1 The undeveloped (greenfield) site does not benefit from a formal surface water drainage 
system. Runoff is expected to partially percolate into the tilled soil and/or flow overland 
towards the northern or southern watercourses. 

6.1.2 Greenfield runoff rates of 49.66l/s for the whole site and 2.25 l/s/ha (QBAR)have been 
calculated using the FEH methodology (Appendix D). 

6.2 Surface Water Discharge Hierarchy 

6.2.1 In line with best practice the drainage strategy considers discharge hierarchy which states 
that surface water discharge via infiltration methods must be considered first. If this is not 
possible the strategy must then consider discharging run-off to a watercourse or within or 
adjacent to the site. Discharge to a public sewer must only be considered as a last resort. 

6.2.2 Section 2.4 discusses the geology of the development site in detail. As the site is underlain 
by mudstone bedrock, infiltration is most likely unfeasible due to the low permeability of 
mudstone. Confirmation of infiltration rates via full BRE 365 infiltration testing will be 
provided in due course. 

6.2.3 As infiltration is considered unfeasible, discharge to a watercourse is considered. A 
watercourse runs along the north-western boundary and another passes through the south 
of the site, receiving existing runoff. The proposed development will therefore mimic the 
existing site and discharge surface water run-off to these two watercourses. 

6.3 Preliminary SuDS Drainage Strategy 

6.3.1 The surface water drainage strategy is high level based given the early stage of development 
proposals, however SuDS have formed an integral part of concept masterplanning. 

6.3.2 In accordance with the NPPF, (major) developments should incorporate sustainable drainage 
systems (SuDS) unless there is clear evidence that this would be inappropriate. In addition to 
water quantity control, SuDS should consider opportunities to provide water quality and 
amenity / biodiversity benefits (i.e. multifunctionality approach). 

6.3.3 Impermeable area for runoff calculations has been estimated based on typical values for 
developments of similar density. The impermeable area is assumed to be equal to 55% of the 
developed area. This equates to approx. 8.45 ha and consists of impermeable surfaces (e.g. 
roofs, roads, driveways, parking areas, etc.).  

6.3.4 An additional 10% hardstanding has been included to account for Urban Creep i.e. future 
extensions. Another 10% is included to account for run-off from soft paved/landscaped 
areas, this equates to an additional 1.3 ha. The total impermeable area considered is 9.75ha. 

6.3.5 The preliminary drainage strategy is included in Appendix D. 

6.3.6 The strategy limits all off-site discharge to the greenfield Qbar runoff rates of 2.25 l/s/ha, 
providing a betterment on existing runoff rates and mitigating flood risk from the additional 
volumes of runoff generated from the new impermeable area. 
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6.3.7 The site has been split into seven sub-catchments and multiple basins proposed. This 
integrates SuDS within the development in accordance with best practice and allows run-off 
to travel shorter distances under gravity to a basin and outfall whereas a larger combined 
basin would require longer runs and therefore likely pumping to reach the shallow outfalls. 

6.3.8 Run-off is conveyed by pipes and / or swales to the detention basins which have been sized 
using MicroDrainage quick storage estimates to store run-off for all storm events up to and 
including the critical 1 in 100 year storm event, including an allowance of 40% for climate 
change. The storage estimates are included in Appendix D. 

6.3.9 Areas for potential permeable pavement are also indicated, on parking court areas, for which 
they are ideally suited.  

6.4 Additional Sustainable Drainage Systems (SuDS) 

6.4.1 While the preliminary drainage strategy is largely reliant on swales and detention basins, 
Table 6.1 outlines the principles of other SuDS and reviews them for potential compatibility 
with the development proposals. Those considered appropriate will be considered as the 
design moves into more detailed phases. 

6.4.2 It is important to note the need to remove silt from runoff prior to discharge into SUDS 
features. SuDS such as filter drains, swales, bioretention systems and pervious pavements 
are sustainable alternatives to proprietary treatment systems otherwise required to manage 
silt. 

Table 6.1: Sustainable Drainage Systems (SuDS) 

SuDS Component Description and Opportunities 

Green / Blue Roofs Green roofs are areas of living vegetation installed on the top of buildings for a range of 
reasons including visual benefit, ecological value, enhanced building performance and 

reduction of surface water runoff. A blue roof is a roof designed explicitly to store water for 
use within the building (rainwater harvesting) or controlled discharge. Green roofs that 

include reservoir storage zones beneath the growing medium could also be considered blue 
roofs. 

Green roofs can improve the thermal performance of buildings, help combat the urban heat 
island effect and contribute to improved air quality. 

Through evapotranspiration, green roofs can reduce peak flow rates to a site drainage system 
(principally for small and medium-sized events) but are unlikely to a have a significant impact 

on downstream attenuation storage requirements. Blue roofs can be designed to provide 
significant attenuation (and evapotranspiration). 

Green roofs are generally unsuitable for pitched roofs as proposed within the majority of low-
rise housing developments which can preclude their use. They it is not anticipated that they 

will be appropriate within this development. 

Filter Drains/Strips Filter drains are trenches filled with stone/gravel that create temporary subsurface storage 
for the filtration, attenuation, and conveyance of surface water runoff. Ideally, filter drains 
receive lateral inflow from adjacent impermeable surfaces pre-treated over a filter strip. 

Filter drains can help manage peak flows by naturally limiting rates of conveyance through 
the filter medium and by providing attenuation storage when the rate of flow at the outlet is 

controlled. 

Filter drains can be effectively incorporated into the landscape and public open spaces and 
can have minimal land-take requirements. The use of filter drains is typically restricted to flat 

sites (unless placed parallel to contours). 

Filter drains are best located adjacent to (small) impermeable surfaces such as car parks and 
roads / highways. 

Where the preliminary drainage strategy indicates a Swale, a Filter Drain or Strip can be 
installed instead. As the detail of the scheme progresses opportunities for filter drains 

alongside small hardstanding areas such as parking courts will be investigated. 
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SuDS Component Description and Opportunities 

Swales Swales are shallow, flat bottomed, vegetated open channels designed to treat, convey and 
often attenuate surface water runoff. Swales can also provide aesthetic and biodiversity 

benefits. 

Swales can help reduce flow rates by facilitating infiltration and / or providing attenuation 
storage when flow at the outlet is controlled. Coarse to medium sediments and associated 

pollutants can be removed by filtration through surface vegetation and ground cover. 

Swales are well suited for managing runoff from linear features such as main 
roads / highways. Swales are generally difficult to incorporate into dense urban 

developments, where space is limited. 

Swales have been indicated in the preliminary drainage strategy to convey and treat surface 
water run-off prior to it being discharged into one of the proposed detention basins. As the 

detail of the scheme progresses opportunities for integrating swales within the layout will be 
investigated, in particular alongside major estate roads. 

Bioretention Systems Bioretention systems (including rain gardens) are shallow landscaped depressions that can 
reduce runoff rates and volumes and treat pollution. They also provide attractive landscape 

features and biodiversity. 

Bioretention systems can help reduce flow rates from a site by promoting 
infiltration / evapotranspiration and providing some attenuation storage. Bioretention 

systems can also provide very effective treatment functionality. 

Bioretention systems are a very flexible surface water management component that can be 
integrated into a wide variety of developments / densities using different shapes, materials, 

planting and dimensions. 

As the detail of the scheme progresses opportunities for integrating rain gardens within the 
layout will be investigated, in particular within more urbanised areas with greater areas of 
hardstanding where basins and swales are not appropriate but rain gardens can provide a 

good opportunity to bring water management, amenity and biodiversity into the public 
space. 

Pervious Pavements Pervious pavements provide a pavement suitable for pedestrian and / or vehicular traffic, 
while allowing rainwater to infiltrate through the surface and into the underlying structural 
layers. The water is temporarily stored beneath the overlying surface before use, infiltration 

to the ground or controlled discharge downstream. 

Pervious pavements help reduce flow rates from a site by providing attenuation storage. A 
flow control structure is required to constrain the rate of water discharged from the sub-base 

via an outlet pipe. Pervious pavement drainage has been shown to have decreased 
concentrations of a range of surface water pollutants, including heavy metals, oil and grease, 

sediment and some nutrients. 

Pervious pavements are typically built as an alternative to impermeable surfaces and 
therefore require no extra development space for their construction. 

The preliminary drainage strategy indicates areas of permeable paving on large parking 
courts where they can be designed to collect, treat and store large volumes of runoff, 

however the suitability on smaller areas such as private drives will be investigated at detail 
stage. 

Detention Basins Detention basins are landscaped depressions that are normally dry expect during and 
immediately following storm events. They can be on-line components where surface runoff 
from regular events is routed through the basin or off-line components into which runoff is 

diverted once flows reach a specific threshold. 

Detention basins can be vegetated depressions (providing treatment in on-line components) 
or hard landscaped storage areas. Off-line basins will normally have an alternative principal 

use (e.g. amenity or recreational facility or urban (hard) landscaping). 

Multiple detention basins have been proposed across the development site. These will 
attenuate and treat run-off prior to it being discharged into one of the two boundary 

watercourses at a limited rate. 
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SuDS Component Description and Opportunities 

Attenuation Storage 
Tanks 

Attenuation storage tanks are used to create a below-ground void space for the temporary 
storage of surface water before use, infiltration, or controlled release. 

Attenuation storage tanks can help reduce flow rates from a site by providing significant 
attenuation storage. Storage tanks do not provide any form of treatment of surface water 

runoff and therefore need to be combined in a “management train” with other methods that 
do provide suitable treatment of all relevant pollutants (coarse sediment must always be 

removed upstream of a storage tank). 

The inherent flexibility in size and shape of the typical attenuation storage tank systems 
means that they can be tailored to suit the specific characteristics and requirements of any 

site. However, the lack of amenity and biodiversity benefits means that storage tanks should 
be a last resource in any surface water drainage strategy for a major development. 

Whilst Attenuation Storage Tanks area convenient way to store run-off below ground and do 
support reduction in runoff rates, they do not have the ecological or amenity benefits of 

overland SuDS. They are also less easy to maintain than overland SuDS.  

Whilst its unlikely attenuation tanks are suitable for the proposed development they should 
not be entirely ruled out as they can provide a means of incorporating storage on a scheme 

where site constraints prevent other SuDS.  

6.5 Exceedance Events 

6.5.1 Plot levels will be set above external ground levels and preliminary levels have been designed 
to safely route exceedance flows away from buildings, towards the road and swale network 
and onwards to one of the two boundary watercourses.  

6.6 Water Quality Management 

6.6.1 The suitability of the preliminary drainage strategy to manage the development’s pollution 
risk has been assessed using the simple index approach in The SuDS Manual (2015), as 
summarized in Table 6.2. This sets out the pollution indices of the runoff sources (roofs, 
roads, parking) and compared these to the cumulative mitigation indices of the proposed 
SuDS train. 

6.6.2 Permeable paving is proposed in the preliminary strategy, however as it is not proposed for 
all areas it is not included in the assessment below. 

Table 6.2: Surface Water Quality Management (Simple Index Approach) 

Runoff Route / Treatment Train 

Land Use / SuDS Hazard Level TSS Metals Hydro-Carbons 

Pollution Hazard Indices 

Residential Roofs Very Low 0.20 0.20 0.05 

Driveways, residential car 
parks and low traffic roads 

Low 0.50 0.40 0.40 

SuDS Mitigation Indices 

Detention Basin - 0.50 0.50 0.60 

Swale - 0.50 0.60 0.60 

Total SuDS Mitigation Index ≥ Pollution Hazard Index (for each contaminant type) 

6.6.3 Further SuDS as identified in Table 6.1 for inclusion within the detailed scheme will further 
improve water quality management. 
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6.7 Operation and Maintenance 

6.7.1 The function of the surface water drainage system must be understood by those responsible 
for maintenance, regardless of whether individual components are below ground or on the 
surface. In any system properly designed, monitored, and maintained, performance 
deterioration can usually be minimised. 

6.7.2 Maintenance plans will be produced at the detail stage to clearly identify who is responsible 
for maintaining proposed SuDS as well as the maintenance regime to be applied. 
Maintenance plans can also form a useful tool for public engagement with SuDS and 
understanding their wider benefits.  

6.7.3 The anticipated responsibility for long-term operation and maintenance of the surface water 
drainage system is set out in Table 6.3. Appropriate legal agreements defining maintenance 
responsibilities and access rights over the lifetime of the proposed development must be 
established prior to construction. 

Table 6.3: Entities Responsible for SuDS Maintenance 

SuDS Component Location Function Responsible Entity 

Filter Drain Roadsides 
Store, convey and treat 

runoff 

Local highways authority or 
private management 

company 

Swale Roadsides 
Store, convey and treat 

runoff 

Local highways authority or 
private management 

company 

Bioretention System Individual plots Store & treat runoff 
Owner or private 

management company 

Pervious Pavement 
Private & public parking 

areas 
Store & treat runoff 

Owner or private 
management company 

Detention Basin Public open spaces Store & treat runoff 
Local authority, water 

company or private 
management company 

Attenuation Storage Tank Public open spaces Store runoff 
Private management 

company 

 

6.8 Drainage During Construction 

6.8.1 Drainage is typically an early activity in the construction of a development, taking form during 
the earthworks phase.  

6.8.2 A construction surface water management plan will be produced at detail stage to set out 
the activities and staging required to collect, store and treat construction runoff prior to 
discharge from site. 
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7 FOUL WATER DRAINAGE STRATEGY 

7.1.1 The nearest Anglian Water public foul sewer is a 300mm diameter pipe along Bedford Road, 
490m north of the development area. This sewer has an invert level of approximately 
29.49m. 

7.1.2 The lowest ground levels within the development are around 29.5m AOD which is the same 
level as the Bedford Road sewer, therefore most of the site will require pumping. 

7.1.3 The A6 is higher than the site therefore it appears feasible to pump up from within the site 
into a new sewer within the A6 which will drain via gravity north to the public sewer in 
Bedford Road. This is to be confirmed by topographic survey of the A6. 

7.1.4 The 490m of new offsite foul sewer within A6 could either be installed by the developer 
under S104 agreement or under requisition with Anglian Water. 

7.1.5 As proposals progress, liaison will be undertaken with Anglian Water to make them aware of 
the proposals and set out timeframes for delivery, to enable planning of any upgrades to the 
off-site drainage infrastructure. 

7.1.6 Anglian Water will undertake these upgrades to the existing network in compliance with 
sewerage undertakers legal obligation under the Water Industries Act 1991 to provide 
developers with the right to connect to public (foul) networks and to carry out works required 
to accommodate additional flows into their networks. 
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8 CONCLUSIONS AND RECOMMENDATIONS 

In accordance with the published flood risk information, the site is almost entirely in Flood Zone 1 (i.e. 
less than 0.1% probability of flooding in any year). However, the large scale published flood risk 
information does not cover the ordinary watercourses along the site’s northern boundary and in the 
south of the site. Preliminary site specific hydraulic modelling was therefore undertaken to better 
assess risk at the development site. This conservative modelling confirmed low risk of flooding from 
these  watercourses. 

The envisaged master plan follows the sequential approach to the location of development as set out 
in the National Planning Policy Framework, locating all development outside of Flood Zones 2 and 3 
and should preclude any need for the Sequential or Exception Tests. 

The Environment Agency and Bedford Borough Council’s SFRA plans indicate that the site experiences 
surface water flooding along both the northern and southern watercourses in high and medium risk 
events with the low risk event showing a larger a larger flood extent spanning into the site. 

The hydraulic modelling demonstrates that this surface water flood risk does not result from the 
watercourses. Furthermore, a drainage system will be designed to manage all surface water generated 
within the proposed development, thus managing the risk of surface water flooding. 

Based on the information provided in this assessment the flood risk to the envisaged masterplan is 
considered to be low. 

The preliminary surface water drainage strategy manages rates, volumes, and water quality of runoff 
by routing run-off from new impermeable areas via pipes and swales to detention basins where it is 
attenuated and discharged to one of the watercourses at the Greenfield Qbar rate. 

Seven basins are proposed to integrate SuDS within the proposals and avoid the need to pump, sized 
for all storm events up to and including the 1 in 100-year event (+40% climate change). 

It is expected that foul will need to be pumped up into a new gravity foul sewer in the A6, which will 
connect into the existing Anglian Water Foul Sewer within Bedford Road, 490m to the north of the site.  

Based on the information provided in this assessment the preliminary drainage strategy is considered 
to be suitable for development. 
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9 LIMITATIONS 

9.1.1 The information, conclusions and recommendations presented within this report are 
deemed to be current at the time of issue. No guarantee can be given to the status of this 
information other than at the time of issuing. Where necessary, the user shall confirm the 
status of any applicable assessments and consents. 

9.1.2 This report has been commissioned by Wates Development Ltd. No third party may receive 
a copy of this report without first obtaining our permission in writing. 

9.1.3 This report is confidential and has been prepared solely for the benefit of Wates 
Development Ltd. and those parties with whom a warranty agreement has been executed or 
with whom an assignment has been agreed. Should any third party wish to use or rely upon 
the contents of this report, written approval must be sought from JNP Group and a charge 
may be levied against such approval. JNP Group accepts no responsibility or liability for the 
consequences of this document being used for any purpose or project other than for which 
it was commissioned, or this document being used by any third party with whom an 
agreement has not been executed. 

9.1.4 The copyright of this report remains with JNP Group at all times. 
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Tree Schedule

Pt No Spread Bole Height Species

215 4.0 0.20 6.0 TREE UNKOWN
220 4.0 0.20 6.0 TREE UNKOWN
355 3.5 0.15 5.0 TREE UNKOWN

3760 4.0 0.20 6.0 HAWTHORN
3761 4.0 0.20 6.0 HAWTHORN
3762 4.0 0.20 6.0 HAWTHORN
3041 14.0 0.35 0.0 TREE UNKOWN
3069 6.0 0.20 8.0 TREE UNKOWN
3070 7.0 0.25 11.0 TREE UNKOWN
3073 8.0 0.25 11.0 TREE UNKOWN
3074 8.0 0.40 12.0 TREE UNKOWN
3079 8.0 0.30 12.0 TREE UNKOWN
3080 7.0 0.20 8.0 TREE UNKOWN
3081 10.0 0.40 10.0 TREE UNKOWN
3284 3.0 0.15 4.0 PINE
3285 3.0 0.15 4.0 PINE
2219 4.0 0.11 5.0 TREE UNKOWN
2233 3.0 0.09 4.0 TREE UNKOWN
2321 6.0 0.30 8.0 TREE UNKOWN
2322 6.0 0.30 8.0 TREE UNKOWN
2344 3.0 0.10 5.0 TREE UNKOWN
2536 3.0 0.10 5.0 TREE UNKOWN
2537 3.0 0.10 5.0 TREE UNKOWN
2538 3.0 0.10 5.0 TREE UNKOWN
2539 3.0 0.10 5.0 TREE UNKOWN
2540 3.0 0.10 5.0 TREE UNKOWN
2563 3.0 0.10 5.0 TREE UNKOWN
2564 3.0 0.10 5.0 TREE UNKOWN
2565 3.0 0.10 5.0 TREE UNKOWN
885 3.0 0.10 6.0 TREE UNKOWN

10163 8.0 0.25 8.0 ASH
10164 8.0 0.25 7.0 ASH
10268 6.0 0.20 6.0 OAK
10269 6.0 0.15 6.0 OAK
10475 6.0 0.20 6.0 OAK
10476 6.0 0.20 6.0 OAK
10477 6.0 0.20 6.0 OAK
10478 7.0 0.20 7.0 ASH
10479 7.0 0.20 7.0 ASH
10480 7.0 0.20 7.0 OAK
10481 7.0 0.20 7.0 OAK
10482 8.0 0.30 8.0 OAK
10483 8.0 0.30 8.0 OAK
10484 8.0 0.25 8.0 ASH
10616 6.0 0.20 6.0 ASH
10617 6.0 0.20 6.0 ASH
10625 6.0 0.25 6.0 ASH
10693 7.0 0.25 7.0 ASH
10717 8.0 0.30 8.0 ASH
10718 10.0 0.50 9.0 ASH
10719 7.0 0.30 8.0 ASH
10881 11.0 0.50 10.0 ASH
10892 16.0 0.50 13.0 OAK
10893 16.0 0.60 13.0 OAK
10894 16.0 0.40 9.0 OAK
10895 16.0 0.50 13.0 OAK
10896 10.0 0.50 10.0 OAK
10897 8.0 0.25 8.0 OAK
10926 17.0 0.90 17.0 OAK
10943 6.0 0.20 8.0 ASH
10944 6.0 0.20 8.0 ASH
10945 6.0 0.20 8.0 ASH
10946 8.0 0.30 8.0 ASH
10947 10.0 0.40 9.0 ASH
11247 16.0 0.80 14.0 OAK
11317 14.0 0.40 14.0 OAK
11318 14.0 0.60 14.0 OAK
11319 14.0 0.40 14.0 ASH
11320 10.0 0.30 9.0 OAK
11321 10.0 0.40 10.0 ASH
11322 8.0 0.30 9.0 OAK
11323 12.0 0.40 13.0 ASH
11324 14.0 0.50 13.0 ASH
11325 12.0 0.80 11.0 OAK
11326 14.0 0.40 14.0 OAK
11327 14.0 0.50 17.0 ASH
11382 16.0 0.80 18.0 OAK
11383 18.0 0.90 18.0 OAK
11384 14.0 0.50 18.0 ASH
11385 16.0 0.80 18.0 ASH
11477 5.0 0.15 5.0 CHERRY
11515 5.0 0.15 6.0 ALDER
11570 8.0 0.40 7.0 ASH
11571 6.0 0.15 6.0 ASH
11859 6.0 0.15 7.0 HAWTHORN
11860 6.0 0.15 8.0 ASH
11861 6.0 0.15 8.0 ASH
12100 6.0 0.20 6.0 TREE UNKOWN
12148 6.0 0.30 5.0 HAWTHORN
12380 8.0 0.30 8.0 MAPLE
12381 8.0 0.30 8.0 MAPLE
12382 8.0 0.30 8.0 MAPLE
12383 15.0 0.60 15.0 OAK
12384 12.0 0.40 14.0 OAK
12844 13.0 0.50 14.0 ASH
12845 10.0 0.40 12.0 ASH
12846 10.0 0.30 12.0 MAPLE
12847 14.0 0.80 12.0 OAK
12849 12.0 0.40 12.0 OAK
12850 8.0 0.25 9.0 ASH
12851 16.0 1.10 17.0 OAK
12852 16.0 0.70 17.0 OAK
12853 16.0 1.00 17.0 OAK
12854 15.0 0.70 17.0 OAK
12855 15.0 0.70 17.0 OAK
12856 13.0 0.50 14.0 OAK
12857 17.0 0.70 15.0 ASH
13179 10.0 0.60 11.0 OAK
13203 7.0 0.35 8.0 MAPLE
13204 13.0 0.80 10.0 OAK
13209 6.0 0.40 8.0 MAPLE
13333 7.0 0.30 9.0 ASH
13334 12.0 0.30 10.0 ASH
13335 10.0 0.50 7.0 ASH
13336 8.0 0.30 7.0 ASH
13337 8.0 0.30 7.0 ASH
13338 8.0 0.30 7.0 ASH
13351 12.0 0.90 9.0 OAK
13839 7.0 0.40 9.0 ASH
13862 8.0 0.30 9.0 ASH
13869 12.0 0.30 12.0 OAK
14240 13.0 0.40 12.0 OAK
30140 7.0 0.30 7.0 WILLOW
30203 5.0 0.10 9.0 ASH
30204 5.0 0.10 9.0 ASH
30205 6.0 0.10 8.0 ASH
30206 6.0 0.10 8.0 ASH
30207 4.0 0.10 7.0 ASH
30236 14.0 1.10 15.0 OAK
30370 14.0 0.50 13.0 ASH
30371 7.0 0.30 12.0 ASH
30372 15.0 0.50 14.0 ASH
30373 15.0 0.50 14.0 ASH
30435 15.0 0.50 14.0 ASH
30440 9.0 0.30 13.0 ASH
30441 9.0 0.30 13.0 ASH
41617 9.0 0.50 8.0 OAK
41618 15.0 1.00 9.0 OAK
41624 13.0 0.80 10.5 OAK
41941 13.0 0.90 9.5 OAK
41953 9.0 0.60 8.5 OAK
41958 9.0 0.70 8.5 OAK
41959 13.5 1.00 10.0 OAK
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