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1 Introduction 

Authorisation 

1.1 Vectos has been appointed by Croudace Homes to prepare a Flood Risk Assessment (FRA) and 

drainage strategy to support an outline planning application for a residential development scheme at 

Long Lane, Fowlmere, Cambridgeshire.  

Background 

1.2 The site consists of a single parcel of agricultural land which has an approximate area of 8.2 hectares 

(ha) and is located approximately 0.5 km to the north of Fowlmere village centre (see Figure 1).  

1.3 According to the Environment Agency (EA) Flood Map for Planning, most of the site is located in 

Flood Zone 1. This is defined as low risk; land having a less than 1 in 1,000 annual probability of river 

or sea flooding. However, a watercourse (Wardington Bottom) flows along the site’s northern 

boundary which introduces areas of Flood Zone 2 (medium risk; land assessed as having between a 

1 in 100 and 1 in 1,000 annual probability of river flooding) and Flood Zone 3 (high risk; land 

assessed as having a 1 in 100 or greater annual probability of river flooding).  

1.4 Given that the site is greater than 1 ha, and the Flood Zone 2 and Flood Zone 3 designation, an FRA 

is required by the National Planning Policy Framework (NPPF) to support the planning application. 

This FRA has been developed in accordance with the guidelines set out in the NPPF and informed by 

regional and local planning policy, as well as through consultation with key stakeholders.  

Development Proposal 

1.5 Outline application for the development of up to 124 dwellings, with all matters reserved except for 

access. The proposed Framework Plan is enclosed in Appendix A. 

Aims and Objectives 

1.6 The aim of this FRA is to demonstrate that the site can be developed safely for residential purposes, 

without exposing it to an unacceptable degree of flood risk and/or increasing the flood risk to third 

parties. The objectives of this FRA are to:  

i) Review the relevant planning policy documents to ensure that the development proposals are 

in accordance with this and other regional and local guidance.  

ii) Summarise relevant stakeholder consultation used to inform this FRA.  

iii) Undertake a desk-based review of the available flood risk information to assess past, current 

and future flood risk issues, taking into consideration the anticipated impacts of climate 

change.  

iv) Identify flood mitigation requirements, if any, to ensure the development is safe from flooding, 

without impacting third parties.  
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v) Assess whether the development will result in an increase of surface water runoff and how 

this can be mitigated through the incorporation of sustainable drainage systems (SuDS) into 

the proposed development, informed through Lead Local Flood Authority (LLFA) guidance 

and consultation. 

vi) Identify the likely foul water drainage strategy.  

vii) Summarise the above into an FRA report including a plan showing the proposed SuDS 

features. 

Limitations 

1.7 The general limitations of this assessment are that:  

i) A number of sources have been used to compile this document, whilst we believe them to be 

trustworthy; Vectos is unable to guarantee the accuracy of the information that has been 

provided by others. 

ii) This report is based on information available at the time of preparing the FRA.  Consequently, 

there is potential for further information to become available or variations to the development 

proposals to be made. These changes may lead to future alteration to the conclusions or 

calculations in this report.  
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2 Consultation 

2.1 Consultation has been undertaken with all key stakeholders, details of which are summarised below.  

Environment Agency (EA) 

2.2 Product 5, 6 and 7 datasets were provided by the EA. This essentially included a hydraulic modelling 

study of the watercourse (Wardington Bottom) on site and the wider river catchment. This hydraulic 

modelling was used to define the flood extents at the site on the Flood Map for Planning. Ultimately, 

this information was used to inform some additional hydraulic modelling as part of this FRA and is 

discussed in Section 6.  

2.3 A copy of the key consultation with the EA is enclosed in Appendix B. 

Lead Local Flood Authority (LLFA) 

2.4 The LLFA offer a free 15-minute phone call with a flood risk officer to discuss surface water drainage 

proposals. A summary of the surface water drainage proposals was provided in advance to the LLFA 

and discussed during the call. The meeting allowed several key principles to be agreed with the 

LLFA, which are summarised below: 

i) Above ground storage is the preferred option for sustainable surface water management as it 

provides amenity and biodiversity benefits. 

ii) The developable area can be used to estimate greenfield rates for the surface water drainage 

strategy. 

iii) The total impermeable area used in the surface water drainage calculations needs to include 

ponds and above ground SuDS.  

iv) Urban creep must be applied, but it is acceptable to estimate this based on the residential 

roof area only (i.e. excluding road surfaces). 

v) Given the very low greenfield discharge that were estimated a rate of 2 l/s/ha across the 

developable area is acceptable.  

vi) Where ground conditions permit (i.e. groundwater level), unlined permeable paving and 

unlined swales should be adopted to promote infiltration where possible.  

vii) Permeable paving should be integrated on drives and in private roads. Alternatively, rain 

gardens or other source control SuDS can be used for interception purposes.  

viii) Half drain time needs to be considered but should be assessed after the peak water level is 

reached and any freeboard provision can be used to contribute towards the volume of 

storage needed.  

ix) The FRA must explain in detail why infiltration is not possible. 

x) The LLFA treat surface water flooding in a similar manner as fluvial flooding.  
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Anglian Water 

2.5 A pre-planning enquiry was submitted to Anglian Water to agree a foul point of connection to the 

public sewer network. A Pre-Planning Assessment report was provided by Anglian Water and is 

enclosed in Appendix C. A point of connection for foul effluent was identified by Anglian Water 
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3 Site Description 

Site Location and Description  

3.1 The site is located on agricultural land to the north of the village of Fowlmere, Cambridgeshire and is 

centred at an approximate grid reference of TL418464. The site has an area of approximately 8.2 ha. 

The site location is shown in Figure 1.  

3.2 The site is bounded by Long Lane to the south and a watercourse (Wardington Bottom) to the north. 

Two detached houses are located towards the centre of the site, north of Long Lane, but are outside 

of the red line boundary. The east corner of the site is occupied by an area of dense woodland. A 

public right of way (PROW) crosses the site in a northwest direction.  

 

Figure 1: Site Location Plan 

Site Topography 

3.3 A topographical survey of the site is enclosed in Appendix D. It shows that in general the site slopes 

in a northerly direction, with elevations ranging from approximately 22.9 m above ordnance datum 

(AOD) to approximately 20.7 m AOD. There are several isolated regions of elevated and depressed 

plateaus across the site. 
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Geology and Hydrogeology 

Geology 

3.4 The 1 in 50,000 scale British Geological Survey (BGS) online mapping indicates that the bedrock 

underlaying the entire site is Zag Chalk Formation.  

3.5 The BGS mappings shows that most of the site has superficial deposits recorded, with the exception 

being a small portion of the woodland area to the east. Superficial deposits of Alluvial Fan Deposits – 

Clay, Silt, Sand and Gravel cover most of the site, with superficial deposits of Alluvium – Clay, Silt, 

Sand and Gravel identified along (and close to) Wardington Bottom. 

3.6 An intrusive site investigation was undertaken by Yellow Sub Geo Ltd in June 2021 with details 

enclosed in Appendix E. This concluded that the geology was generally consistent with that identified 

on the BGS mapping.  

3.7 Eight trial pits were excavated to depths between 1.4 m and 2.2 m below ground level (bgl). 

Groundwater seepages were observed in most of the trial pits. Groundwater level monitoring was 

undertaken in three trial pits (TP04, TP07 and TP08). TP04 is located adjacent to Wardington Bottom, 

with both TP07 and TP08 set further back from the stream at a more elevated position and outside of 

the alluvial deposits.  

3.8 The latest groundwater levels were recorded in December 2021. In their interim report, Yellow Sub 

Geo Ltd found that both TP07 and TP08 remained dry over the autumn monitoring period. However, 

TP04 remained wet throughout the monitoring period with a slight upwards trend into December 

(0.47 m bgl) and is thought to be in hydraulic conductivity with Wardington Bottom. For a greater 

understanding of groundwater levels, the monitoring will continue through to spring 2022.  

3.9 Infiltration testing was undertaken in accordance with BRE365 across all eight trial pits (see Appendix 

E for details). Infiltration rates were unable to be determined in any of the trial pits due to water failing 

to drain sufficiently. This was due to the presence of shallow groundwater. Therefore, it was 

concluded that the use of an infiltration led surface water drainage strategy was not practical. 

However, some shallow infiltration devices, as part of a wider attenuation led surface water drainage 

strategy may be possible and is discussed in more detail in Section 8.  

Hydrogeology 

3.10 According to the online MAGIC maps, the bedrock geology for the entire site is underlain by a 

Principal Aquifer. Principal Aquifers are defined by the EA as “layers of rock or drift deposits that 

have high intergranular and/or fracture permeability - meaning they usually provide a high level of 

water storage. They may support water supply and/or river base flow on a strategic scale”. 

3.11 The superficial geology of the site (covering the majority of the site, with the exception of a small 

portion to the east) is underlain by a Secondary A Aquifer. Secondary A Aquifers are defined by the 

EA as “permeable layers capable of supporting water supplies at a local rather than strategic scale, 

and in some cases forming an important source of base flow to rivers”.  
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3.12 The site does not lie within any drinking water (groundwater and surface water) safeguard 

zones/protected areas and does not lie within a groundwater Source Protection Zone (SPZ).  

Hydrology 

3.13 The Wardington Bottom flows along the site’s northern boundary draining to the northwest. The 

topographic survey and Ordnance Survey (OS) maps also identify a ditch along the site’s western 

boundary which drains northwards into the Wardington Bottom. A further three ditches are located in 

the northeast corner of the site (in the dense woodland area). These ditches and Wardington Bottom 

are shown in Figure 2. 

 

Figure 2: Watercourses on Site 

Existing Drainage 

3.14 It is believed that the site currently follows a natural drainage regime; water that is unable to infiltrate 

into the ground will runoff as overland flow in accordance with the site topography. Runoff will drain 

towards the ditches and Wardington Bottom. Wardington Bottom eventually drains to the River 

Rhee/River Cam approximately 3.4 km to the northwest of the site. 

3.15 There are no public sewers located within the site (see Appendix C).  
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4 Planning Policy and Guidance 

National Planning Policy Framework 

4.1 The National Planning Policy Framework (NPPF) sets out the Government’s national policies for flood 

risk management in a land use planning context within England and how these are expected to be 

applied. It states that developers and local authorities should try to locate development to land in 

zones with the lowest probability of flooding.  

4.2 The aim is to steer new development into Flood Zone 1 (areas with a low probability of river or sea 

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 river or sea flooding), 

applying the Exception Test if required. Only where there are no reasonably available sites in Flood 

Zone 2 should Flood Zone 3 (areas with a high probability of river or sea flooding) be considered, 

taking into account the flood risk vulnerability of land uses and applying the Exception Test if 

required. 

4.3 This sequential risk-based approach to determining the suitability of land for development in flood 

risk areas is central to the policy statement and should be applied at all levels in the planning 

process.  

4.4 The Planning Practice Guidance (PPG) outlines the approaches that should be taken to meet with the 

NPPF. In accordance with Table 2 of the PPG, the proposed development (i.e. residential) is 

classified as More Vulnerable. 

4.5 Table 3 of the PPG sets out the ‘compatibility’ of the vulnerability classification with the identified 

flood zones. Although Flood Zone 2 and Flood Zone 3 is present on site, no residential development 

will be located within these zones. All residential development (and associated SuDS) will be located 

within Flood Zone 1. Therefore, the application of the Sequential and Exception Test is not required.  

South Cambridgeshire Local Plan  

4.6 The South Cambridgeshire Local Plan was adopted in September 2018 and covers development and 

growth across South Cambridgeshire District Council over the period of 2011-2031. 

4.7 The policies relevant to flood risk, SuDS and the site itself are discussed below. 
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4.8 These policies advocate the need to provide climate change measures embedded within the design 

of the development including increasing control of surface water runoff and managing and 
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conserving water resources. The policies state that to adapt to the effects of climate change, 

development should demonstrate that all sources of flood risk have been avoided or suitably 

managed to ensure that the development (or elsewhere) is safe from flooding. SuDS are required to 

help manage runoff and provide water quality benefits. SuDS should comply with both the 

Cambridgeshire Flood and Water Supplementary Planning Document and the Sustainable Drainage 

Systems: Non-Statutory Technical Standards for Sustainable Drainage Systems.  

Cambridgeshire Flood and Water Supplementary Planning Document 2016 

4.9 Cambridgeshire County Council are the LLFA for the site. The LLFA have produced a Flood and 

Water Supplementary Planning Document (SPD) which provides guidance on the design of new 

developments to manage and mitigate against flood risk via the inclusion of SuDS. It advocates for 

the use of SuDS to provide a natural drainage solution to manage surface water runoff whilst also 

providing wider benefits such as biodiversity, water quality and amenity. It also advocates for the use 

of the SuDS management train to provide source control measures and enhance water quality 

treatment. 

4.10 The guide has been used when considering the surface water drainage strategy discussed in Section 

8.  

The SuDS Manual (CIRIA C753) 2015 

4.11 The CIRIA SuDS Manual (2015) provides comprehensive guidance for the design and incorporation 

of SuDS. The manual sets out the process by which appropriate SuDS options may be selected for a 

site. 

4.12 The guidance within the CIRIA SuDS Manual (2015) will be used for the planning, design, operation 

and maintenance of the proposed SuDS. 

South Cambridgeshire and Cambridge City Level 1 Strategic Flood Risk Assessment 

September 2010  

4.13 The joint South Cambridgeshire District Council and Cambridge City Council 2010 Strategic Flood 

Risk Assessment (SFRA) provides an overview of flood risk across the district including rivers, 

surface water, groundwater, sewers and other artificial sources. Guidance for planners and 

developers is also included. 

Policy Conclusions 

4.14 The development proposals are consistent with the policies within the NPPF, Local Plan and 

supporting national, regional and local guidance documents. This is because surface water will be 

managed using SuDS, which will be designed to include the impacts of climate change, and all 

development (including SuDS) will be located within Flood Zone 1.  



 

 

12 

Long Lane Fowlmere, Flood Risk Assessment 

December 2021 

vectos.co.uk 

5 Assessment of Flood Risk 

Historic Flooding 

5.1 The EA Historic Flood Map dataset was consulted which shows that no historic instances of flooding 

have been recorded within the site or its immediate surrounds. The nearest historic flooding is 

located approximately 3.8 km northwest of the site along the River Shep and the River Rhee/Cam.  

5.2 The Level 1 SFRA provides a map for historical flood incidents, however the scale is too coarse to 

identify incidents on a site scale. The map shows that in Fowlmere there have been four instances of 

sewer flooding, two instances of pluvial (surface water) flooding and one instance of groundwater 

flooding.  

Fluvial and Coastal/Tidal Flood Risk 

5.3 The Flood Map for Planning is available online and identifies areas susceptible to fluvial (river) and 

coastal flood risk (see Figure 3). The site is inland and is elevated at least 20.7 m AOD, therefore it is 

not at risk of coastal/tidal flooding.  

5.4 Most of the site in Flood Zone 1. Land is Flood Zone 1 is defined as low risk. Parts of the site lie within 

Flood Zone 2 (medium risk) and Flood Zone 3 (high risk). This is attributed to the Wardington Bottom 

which flows along the site’s northern boundary.  

5.5 In accordance with the NPPF, it is necessary to consider the impact of climate change on fluvial flood 

risk. The Flood Map for Planning does not allow for this. The Level 1 SFRA states that “where 

hydraulic modelled outlines do not provide the 1 in 100 year climate change extent, then a 

precautionary approach should be adopted whereby Flood Zone 2 should be taken as the 1 in 100 

year plus climate change extent”. We wrote to the EA to agree this approach, but they indicated that 

due to the size of the development a more detailed assessment of the flood risk on site is required 

through the modification of the existing model to provide an assessment for climate change (see 

Appendix B for further details). To meet with these EA expectations, some hydraulic modelling was 

undertaken to better understand fluvial flood risk and the implications of climate change at the site. 

This is discussed in Section 6.  

Risk from Surface Water Flooding 

5.6 Surface water flooding is a result of overland flow and ponding of water that can follow a rainfall 

event, from local catchment areas, hillsides and associated with minor ditches or streams. The Risk of 

Flooding from Surface Water map is available online and an extract is shown in Figure 4. 

5.7 The Risk of Flooding from Surface Water map shows that almost all of the site is at a very low risk 

from surface water flooding (defined as an area with less than a 1 in 1,000 chance of flooding each 

year). Some isolated areas of low surface water flood risk (defined as an area that has between 1 in 

100 and 1 in 1,000 chance of flooding each year) are identified in places. These are anticipated to be 

associated with topographic low points and once the site has been developed will disappear. The 

mapping also indicates that the ditches on the west and east site boundaries introduce no additional 

source of flood risk. Surface water flooding is therefore not a development constraint.  
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Figure 3: Environment Agency Flood Map for Planning 

 
Figure 4: Risk of Flooding from Surface Water Map 



 

 

14 

Long Lane Fowlmere, Flood Risk Assessment 

December 2021 

vectos.co.uk 

Groundwater Flooding 

5.8 Groundwater flooding typically occurs in low-lying areas, close to hills which are underlain by 

permeable rocks. This source of flooding generally only becomes a problem in these areas after long 

periods of extensive and significant rainfall, resulting in a rise in groundwater level. 

5.9 The SFRA states that where geology is underlain with superficial deposits (especially alluvium), 

groundwater is likely to be present at shallow depths. Therefore, groundwater emergence may be 

more likely close to the watercourses on site. The bedrock geology consists of a Principal Aquifer of 

Zag Chalk which is highly permeable and may allow for groundwater emergence. 

5.10 The site investigation (Appendix E) included three standpipes for groundwater monitoring (TP03, 

TP07 and TP08). This confirmed the presence of shallow groundwater (0.47 m bgl) adjacent to 

Wardington Bottom (at TP04). Whilst groundwater seepage was encountered in the base of all trial 

pits used for infiltration testing (at depths of between 1.4 to 2.0 m bgl) in June 2021, no groundwater 

was encountered in the subsequent monitoring at TP07 and TP08. However, groundwater levels are 

being monitored over a 12-month period to reflect for seasonal variations to ensure that the highest 

groundwater levels are captured. 

5.11 According to the SFRA groundwater flooding has occurred in Fowlmere Nature Reserve 

(approximately 1 km to the southwest of the site). Furthermore, the SFRA states that due to a 

reduction in groundwater abstraction in the South Cambridgeshire District Council area, groundwater 

levels have risen above the ground in Fowlmere and surrounding areas. However, the SFRA cites 

that rising groundwater levels have not caused flooding to properties. 

5.12 The low-lying parts of the site adjacent to Wardington Bottom are likely to be the most susceptible to 

shallow groundwater. However, these areas are also located in the fluvial floodplain and are not 

subject to development. No evidence is available at this stage to suggest that the part of the site to 

be developed is subject to groundwater flood risk, and the risk is therefore considered to be low. 

However, groundwater monitoring is ongoing so this should be reassessed once complete. 

Nevertheless, some flood mitigation measures are discussed in Section 7.  

Drainage and Infrastructure Flooding 

5.13 Drainage and infrastructure flooding occurs when sewerage systems are overwhelmed and result in 

flooding, which may occur alone or be combined with other flood sources (e.g. fluvial or surface 

water).  

5.14 Asset maps were obtained from Anglian Water which are enclosed in Appendix C. They show that 

there are no public surface water or foul water sewers within the site. However, there are 

comprehensive public surface water and foul sewer networks associated with the residential area 

located to the south of the site. Although the drainage infrastructure is located upstream of the site it 

is anticipated that if flooding was to occur it would follow the natural topography and drain into 

Wardington Bottom rather than the site. The risk of flooding from this source is therefore considered 

to be low.  
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Other Sources of Flooding 

5.15 The site is not shown to be at flood risk from reservoirs and there are no canals within the vicinity of 

the site that could pose a potential flood risk. 
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6 Fluvial Flood Modelling 

6.1 As outlined in Section 2, flood modelling of Wardington Bottom, and the wider river catchment, was 

available from the EA as part of the 2014 River Cam & Tributaries Mapping Study. The EA requested 

that the model be modified to incorporate the latest climate change allowances, which can in turn be 

used to inform the Framework Plan of the site.  

6.2 Following a review of the 2014 River Cam & Tributaries Mapping Study it was discovered that the 

village of Fowlmere is modelled in the 2D domain only, using TUFLOW. The modelling study was 

very large, and some simple improvements were made to the hydraulic model in the proximity of the 

site. This consisted of the following: 

i) Run in latest version of TUFLOW (2020-10-AA-iDP-w64) 

ii) Replacement of the point inflow to a polyline inflow upstream boundary condition. This 

reduces the instability occurring at the inflow location by spreading out the inflow across 

multiple cells. 

iii) Updated DTM sampled from the latest Defra LiDAR data (‘LiDAR-DTM-1m-2020-TL44nw). 

iv) Grid cell size reduced from 5m to 2m grid (with 1 second timestep). 

6.3 The hydrological estimates were unchanged, apart from the consideration of climate change. The 

model was also updated to reflect the climate change allowance, which was sourced from the ‘2080s 

– Central – 9%’ as per the ‘EA Cam and Ely Ouse Management Catchment’.  

 

Figure 5: Comparison of 1 in 100 Year Flood Extents 
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6.4 Further details are outlined in the Hydraulic Modelling Report, which is enclosed in Appendix F.  

6.5 It was discovered that the improvements resulted in a slightly larger floodplain. Figure 5 shows this 

for the 1 in 100 year event. The 1 in 1000 year floodplain was found to be more extensive than the 1 

in 100 plus climate change event, as shown in Figure 6.  

6.6 These revised flood zones were disseminated to the project team and used to inform the developable 

extent of the site. This meant that all new development and SuDS were located outside of Flood Zone 

2 and 3, but also outside of the 1 in 100 year plus climate change flood extent. Consequently, the risk 

of fluvial flooding in the developed part of the site is considered to be low.  

 

Figure 6: All Revised Flood Extents 

 



 

 

18 

Long Lane Fowlmere, Flood Risk Assessment 

December 2021 

vectos.co.uk 

7 Flood Mitigation 

7.1 All potential flood sources have been assessed to represent a low risk and as such, flood mitigation 

measures are not required. However, parts of the site are susceptible to fluvial flooding and although 

no development is proposed in these areas, finished floor levels (FFL) of the dwellings adjacent to the 

floodplain must be elevated at least 300 mm above the 1 in 100 year plus climate change flood level. 

This will offer further protection against this source of flooding. 

7.2 Elsewhere, it is proposed that the FFLs of the dwellings will be elevated at least 150 mm above 

surrounding ground levels, in accordance with building regulations. This will offer protection against 

the possibility of shallow ponding, which can sometimes occur following heavy or prolonged periods 

of rainfall. This will also offer protection from groundwater, should it rise above the ground surface.  
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8 Surface Water Management  

Overview 

8.1 It is well understood that one of the effects of development is typically to reduce the permeability of a 

site and consequently change its response to rainfall. Therefore, a drainage strategy is required to 

ensure that the surface water runoff regime is managed appropriately and that the proposed 

development does not increase flood risk on the site and/or to surrounding areas. 

8.2 The NPPF states that flood risk to land and property must not be increased as a result of 

development. The NPPF also states that flood risk should not increase for events up to and including 

a 1 in 100-year return period, including an appropriate allowance for climate change. These 

requirements have formed the basis of the surface water drainage strategy, which described in this 

section. 

8.3 The proposed surface water management strategy has been derived based upon the principles of 

SuDS, in accordance with NPPF, the Cambridgeshire Flood and Water Supplementary Planning 

Document and the Sustainable Drainage Systems Non-Technical Standards Document. It has 

subsequently been used to inform the Framework Plan (Appendix A).  

Proposed Surface Water Discharge Receptor 

8.4 South Cambridgeshire District Council’s Local Plan outlines their preferred drainage hierarchy for the 

discharge of surface water from the site, with this aiming to discharge surface water as high up the 

following hierarchy of options as practicable. The council’s hierarchy is replicated below: 

i) Firstly, to the ground via infiltration; 

ii) Then, to a water body; 

iii) Then, to a surface water sewer; 

iv) Discharge to a foul water or combined sewer is unacceptable. 

 

8.5 Discharge options were investigated in the order of preference specified in the drainage hierarchy. 

As noted in Section 3, an infiltration led surface water drainage strategy is not practical on site due to 

shallow groundwater and poor rates of percolation.  

8.6 The next most preferable discharge method is disposal to a water body. As previously noted, the 

Wardington Bottom is located along the north boundary and surface water will be disposed to this 

stream at greenfield rates. This will mimic the pre-development drainage regime of the site. However, 

where possible, this will be supplemented with shallow infiltration features to offer some localised 

source control management of surface water. 

Existing and Proposed Runoff Rates 

8.7 The FEH method has been used to calculate the existing greenfield runoff rates for the site. The 

parameters utilised are detailed in Table 1 and the calculated rates are provided in Table 2. Full 

results provided in Appendix G. 
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Table 1: Calculation Parameters 

Parameter Value Unit 

Developable Area 4.35 ha 

SAAR 540 mm 

BFI HOST 19 0.947 - 

Region 5 - 

 

Table 2: Greenfield Rates 

Return Period Peak Greenfield Discharge (l/s/ha) 

QBAR 0.89 

Q1 0.77 

Q30 2.17 

Q100 3.16 

 

8.8 Desktop information identifies ground conditions to be permeable, which explains the very small 

greenfield runoff rates estimated for the site. However, as agreed with the LLFA runoff will be 

restricted to 2 l/s/ha from the entire site. This equates to a discharge rate of 8.7 l/s. All rainfall events 

up to and including the 1 in 100 year plus climate change event will be discharged at this rate.  

Conceptual Surface Water Drainage Strategy 

8.9 The conceptual surface water management strategy proposed for the site has been derived based 

upon the principles of sustainable drainage as detailed in the CIRIA SuDS Manual (2015) and the 

LLFA SuDS guide. 

8.10 SuDS will be utilised to manage surface water runoff from the entire site. This will largely consist of 

an attenuation pond and two swales, as shown on the Preliminary Surface Water Drainage Strategy, 

enclosed in Appendix H. Additional source control features are also proposed and are discussed in 

further detail later.  

8.11 The concept of sustainable drainage is that environmental and social factors such as the quantity and 

quality of runoff and amenity value of surface water in the urban or developed environment are 

considered when making decisions about drainage. SuDS can be used to compliment or replace 

conventional piped urban drainage to recreate the natural water cycle. 

8.12 This process can be used in certain locations to reduce the existing problems associated with such 

conventional piped systems, which can include the risk of flooding, the potential of pollution or poor 

water quality and damage to the natural environment. 

8.13 As discussed above, the surface water drainage strategy has been based on the discharge of surface 

water runoff from the site into the adjacent watercourse. This will be restricted to the rate of 2 l/s/ha. 

This restricted discharge rate from the site will be achieved using a hydrobrake (or similar approved) 

at the outfall of the attenuation pond. 
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Attenuation Volumes  

8.14 The surface water drainage strategy has been based on providing attenuation up to and including the 

1 in 100 year plus a 40% allowance climate change event, which is in accordance with the LLFA 

SuDS guidance. Table 3 includes a series of key parameters which have been used to estimate these 

attenuation storage requirements.  

8.15 The impermeable area has been calculated based upon a 60% impermeable ratio (i.e. that 60% of 

the residential area would have an impermeable cover, plus the road area, which is assumed to be 

100% impermeable).  

8.16 In accordance with the LLFA SuDS guidance, an additional allowance of 8% has been adopted to 

account for the potential of urban creep. This is reflected in the future impermeable area. This 8% 

has been adopted based on the density of the development and has been applied to the residential 

area only (i.e. it has not been applied to the road surface area).  

8.17 The LLFA requested that the area allocated for SuDS (in this case an attenuation pond and two 

swales), is accounted for in the impermeable area.  

Table 3: Attenuation Storage Parameters  

Road Area 

(ha) 

Residential 

Area (ha) 

Developable 

Area (ha) 

SuDS 

Area (ha) 

Impermeable 

Area (ha) 

Future 

Impermeable 

Area (ha) 

Discharge 

Rate (l/s) 

0.93 3.04 3.97 0.38 3.13 3.28 8.7 

 

Basin Design – Sizing  

8.18 A MicroDrainage source control calculation has been undertaken using the values presented in Table 

3. The purpose of this was to ensure that the attenuation pond could be accommodated on site, 

whilst offering the following:  

i) 1 in 100 year design event plus a 40% allowance climate change; 

ii) Earthworks with average side slopes of 1 in 3.5; 

iii) Approximately 0.3 m freeboard above the effective storage depth.  

8.19 Table 4 presents evidence of how this has been achieved and is a summary of the MicroDrainage 

source control calculation. It shows the area required for the attenuation pond, at the top or crest of 

the feature as shown on the Preliminary Surface Water Drainage Strategy (Appendix H). The 

calculations are enclosed in Appendix G. 

Table 4: Preliminary Basin Design Details 

 

 

Basin Area (m2) Total Basin Depth (m) Attenuation Storage (m3) 

2,858 1.5 2,756 
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8.20 Additional space has also been allocated around the attenuation pond for earthworks and access for 

maintenance requirements. It has also been steered entirely out of the fluvial floodplain.  

Half Drain Time 

8.21 The LLFA SuDS Guide states that the attenuation pond must discharge from full to half full within a 

reasonable time (24 hours for anything up to the 1 in 100 year event) so the risk of it not being able 

to manage a subsequent rainfall event is minimised. Where it is not possible to achieve a half drain 

time of 24 hours, it must be demonstrated that the system has capacity to accommodate an 

immediate and subsequent 1 in 10 year event. 

8.22 A 24 hour half drain time is not achievable with the low discharge rates adopted. However, the 

system does have capacity to accommodate an immediate and subsequent 1 in 10 year rainfall 

event. This was confirmed though analysis of the MicroDrainage source control model of the 

attenuation pond. A 1 in 10 year event was simulated, which generated 1,014 m3 of storage within the 

pond. The volume of unused storage in the pond (including the freeboard allowance), is 1,675 m3 in a 

1 in 100 year event. Further storage will also become available in the pond during the 10 year event 

as it drains.  

Wider SuDS Proposals 

Swales 

8.23 Swales are shallow (i.e. around 0.5 m) vegetated open channels designed to convey, treat and in 

certain circumstances attenuate surface water runoff. They enhance the natural landscape and 

provide aesthetic and biodiversity benefits. These can be ‘wet’ where water gathers above the 

surface, or ‘dry’ where water gathers in a gravel layer beneath. 

8.24 It is anticipated that a filter drain with a perforated pipe will be positioned beneath the swale to allow 

direct connections from wider below ground drainage infrastructure. 

8.25 Where possible swales will be unlined to allow runoff from smaller storms to infiltrate into the 

underlying ground. However, the extent of unlined swales will need to be confirmed at a more 

detailed stage of design and once the groundwater monitoring is complete.   

8.26 The potential storage volume offered by swales has not been considered within the calculations at 

this stage. The indicative locations of swales across the proposed development are shown on the 

Preliminary Surface Water Drainage Strategy (Appendix H) and Framework Plan (Appendix A).  

Other SuDS Features  

8.27 The LLFA have identified that other more local, or source control, SuDS are required across the site 

but acknowledged that it is difficult to determine the detail of source control attenuation and 

conveyance features at the outline stage. However, this could consist of permeable paving, bio-

retention or tree pits etc. These could also offer both water quality improvements and attenuation 

storage. However, these opportunities will be considered at a more detailed stage of design, 

including whether groundwater levels will permit them to be unlined and allow for some minor 

infiltration losses.  
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Biodiversity and Landscape 

8.28 In addition to their drainage function, SuDS can be designed to deliver significant community and 

environmental benefits. Attenuation ponds and swales provide an opportunity to create high value 

habitat and contribute an important biodiversity, aesthetic and recreational function for the site.  

8.29 The CIRIA SuDS Manual (2015) provides some useful insight into effective design of both basins and 

swales. These opportunities will be considered at a more detailed stage of design. However, for the 

basins, the following design principles will be taken forward: 

i) Average 1:3.5 side slopes will allow for variation and will help to ensure that they appear as 

natural as possible. 

ii) Reed beds can be created at the inlet. 

iii) The outlet can be set as far from the inlet as possible to maximise the benefits to water quality 

passing through. 

iv) Sediment forebay will be created, where necessary. 

8.30 The CIRIA SuDS Manual (2015) provides an example of a typical plan view and profile of an 

attenuation basin illustrating how the feature could look on the site, as shown in Figure 7. 

8.31 Figure 8 presents a cross section of a wet swale extracted from the CIRIA SuDS Manual (2015). It 

identifies how these can be designed to offer biodiversity, landscape, and associated water quality 

benefits, through pre-treatment, wetland planting and permanent water storage.  

 

Figure 7: Plan of Attenuation Pond 
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Figure 8: Typical Dry Swale Cross Section 

Conveyance of Exceedance Surface Water Flooding 

8.32 The surface water drainage strategy must consider an exceedance scenario, i.e. for flows in excess 

of the 1 in 100 year plus climate change rainfall event. Exceedance flows must be managed in 

conveyance routes across a site that minimise the risk to people and property.  

8.33 The design for exceedance will be addressed at a more detailed stage. However, in an exceedance 

scenario, roads would be designed to convey any exceedance flows away from people and property 

using appropriate kerbing for channelling. Exceedance flow routes will ultimately be directed into the 

swales and pond.  

Water Quality 

8.34 In accordance with the CIRIA SuDS Manual (2015), SuDS components must have a total pollution 

index that equals or exceeds the pollution hazard index for different land use classifications. It is 

considered that the SuDS provided as part of the surface water drainage strategy would offer 

sufficient mitigation for the land use classification as demonstrated in Table 4 and Table 5 (as 

informed by Table 26.2 and 26.4 of the CIRIA SuDS Manual (2015), respectively). 

Table 4: Pollution Hazard Indices 

 

 

 

 

Land Use 

Pollution Hazard Indices for Different Land Use 

Classifications 

Pollution 

Hazard Level 

Total Suspended 

Solids (TSS) 

Metals Hydro-

carbons 

Residential Roofs Very Low 0.2 0.2 0.05 

Individual property driveways, 

residential car parks, low traffic 

roads and non-residential car 

parking with infrequent change 

Low 0.5 0.4 0.4 

Total Low 0.7 0.6 0.45 
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Table 5: SuDS Mitigation Indices (for discharges to surface water) 

 

 

 

 

 

 

 

Operation and Maintenance 

8.35 Some of the SuDS could be offered for adoption to Anglian Water, which would be confirmed at a 

more detailed stage of deisgn. The operational and maintenance requirements would then be 

outlined by Anglian Water. Should this not be achieved, it is likely that the SuDS would be managed 

privately. Where privately maintained, the general maintenance requirements should be undertaken 

in accordance with the recommendations outlined in the CIRIA SuDS Manual (2015), extracts of 

which are provided in Figure 9 and 10. Full details of the maintenance proposals will be addressed at 

a more detailed stage of design. 

 

Figure 9: Maintenance Requirements of a Swale  

 

 

 

1 As per the CIRIA SuDS Manual (2015), where the mitigation index of an individual component is insufficient, two components (or more) will be required. However, a 

factor of 0.5 is used to account for the secondary or tertiary components associated with the already reduced inflow concentrations. 

Type of SuDS 
Mitigation Indices 

TSS Metals Hydro-carbons 

Swales 0.50 0.60 0.50 

Pond1 0.35 0.35 0.25 

Total 0.85 0.95 0.75 
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Figure 10: Maintenance Requirements an Attenuation Pond 

Summary 

8.36 The conceptual surface water drainage strategy has been prepared to demonstrate that the 

proposed development of the site can meet national and local requirements. The management of 

surface water runoff will be achieved through attenuation using SuDS, prior to a controlled discharge 

from the site to an adjacent watercourse. Small rainfall events will be managed using unlined swales 

and permeable paving etc, to promote infiltration, where groundwater levels permit. The approach 

replicates the existing surface water drainage regime.  

8.37 The SuDS will offer wider benefits including biodiversity and recreational opportunities, as well as 

aesthetic improvements.  

8.38 The concepts outlined herewith will be subject to more detailed design considerations at a later 

stage. 
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9 Foul Drainage 

9.1 In April 2018 Ofwat changed the rules with respect to new sewer connections. Developers may now 

connect to the nearest public sewer on a size for size basis at their cost and, in this case, Anglian 

Water will provide capacity in the network to accommodate domestic type flows from granted 

development which is funded by their infrastructure charging arrangements.  

9.2 A pre-planning enquiry was submitted to Anglian Water to agree a foul point of connection to the 

public sewer network. A Pre-Planning Assessment report was provided by Anglian Water and is 

enclosed in Appendix C.  

9.3 The nearest practicable connection is to a 150mm diameter sewer at manhole 9103 in Long Lane at 

National Grid Reference NGR TL 41898 46163. Anglian Water has assessed the impact of gravity 

flows from the development to the public foul sewerage network and has confirmed that this is 

acceptable as the foul sewerage system has available capacity for the site. 

9.4 It is anticipated that a foul pump station will be required to achieve this connection, which has been 

identified on the Framework Plan (see Appendix A).  
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10 Conclusions 

10.1 This Flood Risk Assessment and drainage strategy has been undertaken to support an outline 

planning application for a residential development scheme at Long Lane, Fowlmere, Cambridgeshire. 

10.2 This report has been prepared by Vectos on behalf of Croudace Homes in accordance with the 

guidelines set out in National Planning Policy Framework, regional and local guidance documents. 

10.3 The site lies primarily within Flood Zone 1 (i.e. land having a less than 1 in 1,000 annual probability of 

river or sea flooding, with this considered to be low risk). However, part of the site is located within 

Flood Zone 2 and 3, which is associated with Wardington Bottom. 

10.4 All proposed buildings and Sustainable Drainage Systems (SuDS) have been directed into Flood 

Zone 1. 

10.5 An attenuation led conceptual surface water drainage strategy has been proposed to manage the 

surface water runoff from the site. Attenuation will be provided in an attenuation pond, which will 

restrict runoff to greenfield rates before discharging into the adjacent watercourse. The basin will be 

supplemented with a series of swales, whilst wider SuDS will be considered at a more detailed stage 

of design. 
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Appendix A 

Framework Plan 
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Appendix B 

EA Correspondence 
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Appendix C 

Anglian Water Correspondence 
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Appendix D 

Topographic Survey 
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Appendix E 

Ground Investigation Extracts 
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Appendix F 

Hydraulic Modelling Report 
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Appendix G 

Surface Water Calculations  
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Appendix H 

Preliminary Surface Water Drainage Strategy  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 vectos.co.uk 

Contact 

London 

Network Building,  

97 Tottenham Court Road,  

London W1T 4TP.  

Tel: 020 7580 7373   

 

Bristol 

5th Floor, 4 Colston Avenue,  

Bristol BS1 4ST 

Tel: 0117 203 5240  

 

Cardiff 

Helmont House, Churchill Way,  

Cardiff CF10 2HE 

Tel: 029 2072 0860   

 

Exeter 

6 Victory House, 

Dean Clarke Gardens,  

Exeter EX2 4AA 

Tel: 01392 422 315   

 

Birmingham 

Great Charles Street,  

Birmingham B3 3JY 

Tel: 0121 2895 624   

 

 

Manchester 

Oxford Place, 61 Oxford Street,  

Manchester M1 6EQ.   

Tel: 0161 228 1008   

 

Leeds 

7 Park Row, Leeds LS1 5HD 

Tel: 0113 512 0293   

 

Bonn 

Stockenstrasse 5, 53113,  

Bonn, Germany 

Tel: +49 176 8609 1360    

www.vectos.eu 

 

 

Registered Office 

Vectos (South) Limited 

Network Building,  

97 Tottenham Court Road, 

London W1T 4TP 

Company no. 7591661 


