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All comments and proposals contained in this report, including any conclusions, are based on information available to BWB Consulting during investigations.  
The conclusions drawn by BWB Consulting could therefore differ if the information is found to be inaccurate or misleading.  BWB Consulting accepts no liability 
should this be the case, nor if additional information exists or becomes available with respect to this scheme. 
a 
Except as otherwise requested by the client, BWB Consulting is not obliged to and disclaims any obligation to update the report for events taking place after:- 
a 

(i) The date on which this assessment was undertaken, and 
(ii) The date on which the final report is delivered 

a 
BWB Consulting makes no representation whatsoever concerning the legal significance of its findings or the legal matters referred to in the following report. 
 
The information presented and conclusions drawn are based on statistical data and are for guidance purposes only.  The study provides no guarantee against 
flooding of the study site or elsewhere, nor of the absolute accuracy of water levels, flow rates and associated probabilities. 
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EXECUTIVE SUMMARY 

This Flood Risk Assessment (FRA) is compliant with the requirements set out in the 

National Planning Policy Framework (NPPF) and the associated Technical Guidance (March, 

2012). It has been produced on behalf of Newland Homes in respect of a planning 

application for residential development at Collin Lane, Willersey (approximate grid 

reference: SP100396). 

This report demonstrates that the proposed development is at an acceptable level of flood 

risk, subject to the recommended flood mitigation strategies being implemented.   

The proposed development area lies entirely within Flood Zone 1 as shown on Environment 

Agency mapping. The site also lies outside the area at risk of flooding from reservoir 

failure, groundwater and sewers. Environment Agency mapping however, shows the site 

to be at risk from surface water flooding associated with the adjacent watercourses and is 

therefore at high risk from local ‘ordinary watercourses’.  

The mitigation measures have been shown to alleviate fluvial flood risk within the site, 

while also offering reduced flood risk to the existing properties downstream of the site. 

This is in exchange for a marginal increase to in-channel flood levels downstream of the 

site. This arrangement considered to be a significant betterment, and significantly reduced 

out of bank flooding is considered to be a fair exchange for increased water levels within 

the channel. 

It is advised in accordance with best building practice that all development finished floor 

levels are raised a minimum of 600mm above the adjacent 100 year plus climate change 

flood level or 150mm above surrounding ground levels whichever is most conservative. 

The SFRA states that for both greenfield and brownfield sites the development runoff 

volumes and peak flow rates leaving the site should be attenuated to the greenfield 

discharge conditions and that drainage systems should be designed to accommodate all 

storm events up to and including the 1 in 100 year event including climate change.  

Surface water in excess of the discharge rate will be stored on site up the 1 in 100 year 

storm (with an allowance for climate change) through the use of two attenuation ponds.  

It is recommended that SuDS are utilised to provide this storage while also providing a 

minimum of two levels of treatment prior to outfalling from the site. The site will continue 

to discharge to the watercourses within the site. 

In compliance with the requirements of National Planning Policy Framework, and subject 

to the mitigation measures proposed, the development could proceed without being 

subject to significant flood risk. Moreover, the development will not increase flood risk to 

the wider catchment area as a result of suitable management of surface water runoff 

discharging from the site. 
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1.0 INTRODUCTION 

Summary Information 

1.1 This Flood Risk Assessment (FRA) is compliant with the requirements set out in the 

National Planning Policy Framework (NPPF) and the associated Planning Practice 

Guidance (March, 2014). The FRA has been produced on behalf of Newland Homes 

in respect of a planning application for the proposed residential development at 
Collin Lane, Willersey. 

Site Name Collin Lane 

Location Willersey 

NGR (approx) SP100396 

Application Site Area (ha) 3.0 

Development Type Residential 

NPPF Vulnerability More Vulnerable 

EA Flood Zone Flood Zone 1 

EA Office South East: West Thames 

Local Planning Authority Cotswold District Council 

Table 1.1 Site Summary 

Sources of Data 

1.2 The report is based on the following information : 

(i) Site Layout Plan  

(ii) Topographic Survey provided by BWB Consulting 

(iii) OS Mapping 

(iv) Environment Agency Correspondence 

(v) Hydraulic Modelling undertaken by BWB Consulting 

(vi) Local Authority Surface Water Flood Risk Maps 

(vii) Strategic Flood Risk Assessment 

(viii) Web Based Soil Mapping  

(ix) Severn Trent Sewer Records  

(x) British Geological Survey Drift & Geology Maps 
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Existing Site 

1.3 The proposed development area is located north west of Willersey, north of Collin 
Lane. Figure 1.1 has been included for reference to show the site location.  

1.4 The existing site is considered to be largely greenfield agricultural fields, with the 

addition of the nursery in the 1970’s. There is an embanked dismantled railway to 

the north of the site and 5 properties.  A playing field is to the east with open fields 

and an electrical substation to the west.  

1.5 The closest Main River defined by the Environment Agency is the Badsey Brook. 
This is situated approximately 2.2km south west of the site.  

1.6 A topographic survey can be viewed in  

1.7  

1.8  

 

 

 

 

 

 

 

 

 

 

 

 

1.9 Appendix A; it illustrates the site to have a range of levels between 70-65m AOD. 

The land generally falls towards the north and toward the watercourses within the 
site.  

1.10 The site is expected to be underlain by the Lias Formation and Charmouth Mudstone 

Formation with no superficial deposits expected to be present in this location. The 

soil type situated on the site is predicted to be lime-rich loamy and clayey soils with 
impeded drainage.  
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Figure 1.1 Site Location Map 
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Proposed Development  

1.12 The current development plan is outlined in  

1.13  

1.14  

 

 

 

 

 

 

 

 

 

 

 

 

1.15 Appendix B it includes 50 residential dwellings. 

Flood Risk Planning Policy  

National Planning Policy Framework 

1.16 The NPPF1 sets out the Government’s national policies on different aspects of land 

use planning in England in relation to flood risk. A supporting Planning Practice 
Guidance document is also available2. 

1.17 The Planning Practice Guidance sets out the vulnerability to flooding of different 

land uses. It encourages development to be located in areas of lower flood risk 

where possible, and stresses the importance of preventing increases in flood risk 
off site to the wider catchment area. 

1.18 The Planning Practice Guidance also states that alternative sources of flooding, 

other than fluvial (river flooding), should also be considered when preparing a Flood 
Risk Assessment. 

1.19 This Flood Risk Assessment is written in accordance with the NPPF. 

                                                
 
1 National Planning Policy Framework, CLG, March 2012 
2 Planning Practice Guidance, March 2014 



COLLIN LANE, WILLERSEY 

FLOOD RISK ASSESSMENT 

FEBRUARY 2016 

BMW/2315/FRA/REV E 

 

 
 

  5 
 

 

 

NPPF Flood Zones  

1.20 Flood Zone mapping prepared by the Environment Agency identifies areas 

potentially at risk of flooding from fluvial or tidal sources without taking into account 

the presence of flood defences or structures such as culverts or minor 
watercourses. An extract from the mapping is included as Figure 1.2. 

 

Figure 1.2 Environment Agency Indicative Flood Zones Map 

1.21 The Environment Agency Flood Zone mapping shows the site to be located entirely 

within Flood Zone 1 (Low Probability). This Flood Zone is defined in the NPPF as 

land assessed as having a less than 1 in 1000-year annual probability of river/tidal 

flooding. 

Other Relevant Policy and Guidance 

Strategic Flood Risk Assessment 

1.22 The Cotswold Strategic Flood Risk Assessment3 (SFRA), produced in 2008 identifies 

possible mitigation measures and illustrates any potential development areas. The 
SFRA identifies the proposed development area as a potential employment site. 

                                                
 
3 Cotswold Strategic Flood Risk Assessment, Halcrow, 2008, available at: 

http://www.gloucestershire.gov.uk/extra/CHttpHandler.ashx?id=28377&p=0 

Badsey Brook 
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1.23 Groundwater emergence maps indicate areas towards the southern extent of the 

District, near Cirencester, to be susceptible to groundwater emergence. The site 

itself is in the lowest category of risk of groundwater flood emergence and there is 
no historical record of groundwater flooding.   

1.24 The properties at risk of flooding from the public sewerage system shown on the 

DG5 register have been summarised within the SFRA.  The DG5 register shows two 

properties within the postcode WR12 7 (Willersey have been reported as affected 

by flooding of sewers, however the level of risk is reported as low. The postcode 

area also includes properties which fall outside of the council boundary and is not 
street specific.  

1.25 The SFRA states that for both greenfield and brownfield sites the development 

runoff volumes and peak flow rates leaving the site should be attenuated to the 

greenfield discharge conditions and that drainage systems should be designed to 

accommodate all storm events up to and including the 1 in 100 year event including 
climate change.  

1.26 For any development site containing or located adjacent to a watercourse without 

flood zone information, it is recommended that a minimum 8m development 
easement from the top of bank is applied and a site specific FRA is undertaken.  

Surface Water Management Plan 

1.27 The first edition Surface Water Management Plan (SWMP) was produced by Halcrow 

and Richard Alitt Associates Ltd in March 20104, with the aim of testing the SWMP 

guidance that was due to be released by DEFRA.  The SWMP identified key areas 
within Gloucestershire which had been affected by fluvial flooding.  

1.28 Within the Cotswold District, surface water flooding was identified as an issue for a 

number of areas.  The severe flooding that occurred in the summer of 2007 affected 

many properties within the towns and villages and as a result the Cotswold District 

Council undertook a ‘Flooded Homes Survey’ which identified the worst affected 
areas and assessed the mechanisms of flooding within these areas. 

1.29 The survey included detailed information regarding the source of flooding, the 

location and depth of the floodwater.  The data collected was reviewed and the top 

twenty priority areas were identified with the worst affected areas including 

Moreton-in-Marsh, Fairford and Welford.  Within these areas it was concluded that 

the exact source of the flooding was not always clear, although overwhelmed 

sewers, road gullies or blocked drains were thought to be the typical causes, in 
conjunction with significant fluvial influences.  

1.30 The Second Phase Report was completed by Hyder in 2008 in response to the 2007 

flooding that took place within the Cotswold District5. The report focuses on the top 

20 list of areas that were identified in the Phase 1 Report for further investigation. 

This phase of work was mainly informed by local residents and councillors. Willersey 

was one of the top 20 areas identified for further investigation and the flooding 
identified there was surface water (sewers) and river flooding.   

                                                
 
4 Gloucestershire First Edition Surface Water Management Plan Pilot. Halcrow/RAA. March 2010 
5 Cotswold District Council. Review and Response to the Summer 2007 Flood in the Cotswold District. Hyder. 2008.  
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1.31 On the 20th July 2007, 36 properties within Willersey were flooded. The properties 

were spread out across the village. Overland flow from the watercourse adjacent 
to Timms Green, east of the site, was reported to flood 3 bungalows.   
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2.0 POTENTIAL SOURCES OF FLOOD RISK 

2.1 The table below identifies the potential sources of flood risk to the site, and the 

impacts which the development could have in the wider catchment. These are 

discussed in greater detail in the forthcoming section. The mitigation measures 

proposed to address flood risk issues and ensure the development is appropriate 

for its location are discussed within Section 3.0.  

Flood Source 
Potential Risk 

Description 
High Medium Low None 

Pluvial runoff X    

Environment Agency Mapping 

shows the site to be at risk 
from surface water flooding 
associated with the adjacent 
watercourses. 

Fluvial  X    
The site is located in Flood 
Zone 1, but is at high risk from 

local ‘ordinary watercourses’ 

Canals     X 
The site is significantly 
removed from the nearest 
canal. 

Groundwater   X  
The site is underlain by an 
impermeable stratum.  

Reservoirs 

and 
waterbodies 

   X 

The site is shown to fall outside 

of the area at risk of reservoir 
failure. 

Sewers   X  

Due to the limited sewer 
network in proximity to the site 

and the topography of the site 
it is unlikely to present a flood 
risk. 

Effect of 
Development 
on Wider 
Catchment 

 X   

The development will increase 
the area of impermeable 

surfaces leading to a potential 
increase in runoff. 

It could also impede local flood 
routes, unless mitigated. 

Table 2.1 Potential Pre-Mitigation Sources of Flood Risk 

Pluvial Flood Risk 

2.2 The SWMP identifies that there have been recorded surface water flooding incidents 

in Willersey with two single point incidents and a polygon shown on the map in the 
vicinity of the site.  

2.3 Surface water flood risk mapping has been prepared by the Environment Agency 

(Figure 2.1) using information from Lead Local Flood Authorities where it is 

available.  The mapping shows the western half of the site is mainly within an area 

of very low risk from surface water flooding. This is defined as having a less than 
1 in 1000-year annual probability of surface water flooding. 
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2.4 However, the eastern half of the site is shown to be at medium and high risk of 

flooding. Medium risk is defined as having between 1 in 100 year and 1 in 30 year 

annual probability of surface water flooding and high risk is defined as having a 
greater than 1 in 30 year probability of surface water flooding.  

2.5 A comparison of the flood maps against Ordnance Survey mapping shows that the 

surface water flooding is associated with the two minor watercourses, and is in fact 

an indication of the potential fluvial floodplain. Therefore it is proposed to fully 

assess and mitigate the risk as part of the fluvial assessment discussed within the 
forthcoming report. 

 

Figure 2.1 Flood Map for Surface Water  

Fluvial Flood Risk 

 Main Rivers 

2.6 The Badsey Brook is the closest Main River to the site; it is located approximately 

2.2km to the southwest. Figure 1.2 shows Flood Zones 2 and 3 are situated to the 

southwest of the site, but importantly do not encroach beyond the site boundary 
or onto the site access/egress route. 

Minor Watercourses 

2.7 There are two minor watercourses within the vicinity of the site; their locations are 

shown in Figure 1.1. 
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2.8 Through conducting a review of available flooding information from Cotswold 

District Council, it has been established that Willersey and in particular the area of 

the site is subject to fluvial flooding from the watercourses present, which resulted 

in property flooding occurring in July 2007, though full details of this are not 
available.  

Hydraulic Modelling 

2.9 As identified above, the site is shown to potentially fall within the floodplain of the 

two minor watercourses. In order to understand the risk to the site, it was 

necessary to undertake a hydraulic flood modelling exercise. A technical note with 

the full details of the modelling is available in Appendix G, there is a summary 
below of the findings. 

2.10 The Flood Estimation Handbook (FEH) shows that the two watercourses fall within 

the same topographic catchment.  An estimation of the likely flood flows produced 

by this catchment was undertaken using the FEH statistical analysis and Revitalised 
Flood Hydrograph (ReFH) rainfall-runoff model.  

2.11 The ReFH proved to provide the more conservative flows and so was adopted in the 

hydraulic modelling exercise. Peak flows are summarised in Table 2.2. These flows 
are split between the two watercourses (Western: 46%, Eastern, 54%). 

Return Period 
Annual Exceedance 
Probability (AEP) 

Peak Flows (m3/s) 

ReFH Method 

2 (QMED) 50.0% 0.64 

20 20.0% 1.24 

75 1.3% 1.68 

100 1.0% 1.79 

1000 0.1% 3.29 

Table 2.2 Catchment Flood Flows 

2.12 A site specific dynamically linked 1D-2D hydraulic model of the watercourses and 

floodplain was produced within ‘TUFLOW’. This extended from the southern side of 

Willersey (upstream of Broadway Road, and 500m upstream of the site) to Badsey 

Lane (250m downstream of the site). It included both the eastern and western 
braches of the watercourse.  

2.13 The channel and hydraulic structures were modelled in the one-dimensional (1D) 

model domain. Cross-sections were surveyed at regular intervals in locations which 
captured the general condition and shape of the open watercourses. 

2.14 Environment Agency 1m resolution LiDAR DTM (Digital Terrain Model) data was 

used as a base for the two-dimensional (2D) floodplain; this has undergone a 

filtering process to remove buildings and vegetation to provide a bare earth ground 

model. A 3.0m resolution grid was adopted; this is considered to be more than 
sufficient given the semi-rural nature of the floodplain.  

2.15 Although the 3.0m cell size will pick up most of the significant topographic features, 

the river banks were reinforced using a ‘Z-line’. This was primarily informed from 
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the watercourse survey, but where survey coverage was limited the LiDAR data 

was used to supplement bank levels.  

2.16 The ReFH flood hydrographs were applied to the model in a ‘lumped’ approach. This 

will result in a conservative assessment, as all the flows generated in the lower 

reaches of the catchment, downstream of the site, will be applied upstream of the 
site. 

2.17 The hydraulic model has confirmed that the eastern half of the site is at fluvial flood 

risk. Flooding of the site is initiated upstream the site because of the restrictive 

nature of the culverts under Collin Lane. Shallow flood routes (under 150mm deep) 

enter the site from the south, and exit via the northern boundary – this is illustrated 
within Figure 2.2.   

2.18 Full drawings of modelled flood extents and depths are available in the hydraulic 

modelling technical note, available in Appendix C and mitigation measures to 
address this risk are outlined in Section 3.0. 

 

Figure 2.2 1 in 100 + Climate Change Modelled Flood Depths 
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Flood Risk from Canals  

2.19 No canals are in close proximity to the site which would present a flood risk. 

Groundwater Flood Risk  

2.20 The SFRA shows the site to lie in an area not susceptible to groundwater flooding. 

The area is underlain by Mudstone which is designated a Secondary 

Undifferentiated Aquifer. The soil type situated on the site is predicted to be lime-

rich loamy and clayey soils with impeded drainage. As such, groundwater is unlikely 
to pose a significant flood risk to the site 

Flood Risk from Reservoirs/Waterbodies 

2.21 Reservoir failure flood risk mapping has been prepared by the Environment Agency, 

this shows the largest area that might be flooded if a reservoir were to fail and 

release the water it holds. The map displays a worst case scenario and is only 

intended as a guide. An extract from the mapping is included as Figure 2.3. It 
demonstrates the site to lie outside the maximum area at risk. 

 

Figure 2.3 Environment Agency Reservoir Failure Flood Risk Map 

Flood Risk from Sewers 

2.22 Correspondence with Severn Trent has provided the sewer records for the site and 

the surrounding area, which are included in Appendix D. The records provided 

identify a public foul sewer within the site boundary to the east of Hopefield. The 

sewer record extract also shows that there are limited surface water sewers serving 

the area.  
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2.23 Due to the limited sewer network in proximity to the site and the topography of the 

site the risk of sewers surcharging onto the site if they become blocked or 
overwhelmed is minimal. 

Effect of Development on Wider Catchment  

  Development Drainage 

2.24 The proposed development will increase the impermeable surface area; this could 

lead to an increased rate and volume of surface water runoff, which has the 

potential to cause a flood risk to the site and elsewhere. Mitigation measures 
outlined in Section 4.0 should be adhered to. 

 Impedance of Flow Routes and Loss of Floodplain 

2.25 Any development within the fluvial floodplain on the site could lead to flows being 

diverted on to third party land, unless mitigated as part of the development 

proposals. 
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3.0 FLOOD RISK MITIGATION 

3.1 Section 2.0 has identified the sources of flooding which could potentially pose a 

risk to the site and the proposed development. This section of the FRA sets out the 

mitigation measures which are to be incorporated within the proposed development 
to address and reduce the risk of flooding to within acceptable levels. 

Site Arrangements 

3.2 There are several mitigation options which are recommended below to alleviate the 

shallow overland flows which occur due to the undersized culverts under Collin 

Lane. The strategy involves intercepting the shallow flood routes on the southern 

boundary, and re-directing them into the watercourses. 

3.3 Drawing BMW/2315/WSK05 within Appendix C gives a detailed plan of each of the 

mitigation measures, as well the proposed impacts which these have on the site, 
as well as others on the floodplain. 

3.4 The mitigation measures have been shown to alleviate fluvial flood risk within the 

site, while also offering reduced flood risk to the existing properties downstream of 

the site. This is in exchange for a marginal increase to in-channel flood levels 

downstream of the site. Detailed site layout plans in Appendix B show how these 
mitigation measures will be implemented. 

3.5 This arrangement considered to be a significant betterment, and significantly 

reduced out of bank flooding is considered to be a fair exchange for increased water 
levels within the channel.    

Widening of existing flood corridor 

3.6 It is also proposed to formalise the floodplain within the site in a flood corridor.  

This will be created within the 8m standoff from bank top. A 5m wide shelf will be 

scraped adjacent to the existing watercourse, this will allow for additional water 
during high flow events, as illustrated in Figure 3.1 below. 

 
Figure 3.1 - Typical cross section of enhanced flood corridor. 

Intercepting Swale Features 

3.7 In order to intercept the overland flow routes from both the eastern and western 

watercourses two interceptor features are required. These will take the form of 1m 

deep swales which direct any overland flow which comes from third party land back 

into the watercourse. The exact locations of these swale features are shown in 
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drawing BMW/2315/WSK05 available in Appendix C. In order to mitigate the risk 

of any spill from these features it is proposed that a bund is located on the 

downstream side of the swales, built using the spoil from digging the trenches. The 

western most swale feature is required to be culverted under the proposed access 

road; directing overland flow into the new proposed flood corridor at the northern 

end of the site.  

3.8 In addition to this, it is necessary to increase the length of the culvert which the 

main western watercourse flows through. This extension will prevent any water 

from spilling out into the site and direct flow into the proposed flood corridor on the 
northern side of the proposed access road. 

Finished Floor Levels 

3.9 To mitigate any residual risk of flood it is recommended that finished floor levels of 

the properties are raised a minimum of 600mm above the 1 in 100 + climate 

change flood level. Finished floor levels of each proposed building are shown in the 
layout drawings in Appendix B. 

Ground Levels 

3.10 Ground levels should be profiled to encourage pluvial runoff and overland flows 

away from the built development and access egress routes, and towards the 
nearest positive drainage point. 

Surface Water Drainage 

3.11 A surface water drainage system should be formulated to intercept and attenuate 

runoff on the site up to and including the 1 in 100 year plus climate change storm 

event, thereby helping to mitigate the pluvial flood risk on the site as well as the 

impact on the site in the wider catchment. This is discussed in greater detail within 

Section 4.0. 
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4.0 OUTLINE SURFACE WATER DRAINAGE ASSESSMENT 

Existing Site Runoff 

4.1 The majority of the site is currently agricultural fields; therefore the site has been 

considered greenfield within this assessment. The site topography implies that 
runoff is currently directed to the two minor watercourses.  

Proposed Site Runoff 

4.2 Strategic level soil mapping has suggested the soil type to be clayey with impeded 

drainage; this suggests soakaways may not be a viable drainage solution. For the 

purposes of this report it is assumed that soakaway is not appropriate or limited – 

this represents a worst-case scenario of the drainage conditions in terms of storage 
and associated costs. 

4.3 It is proposed that the site continue to discharge to the watercourses within the 
site. 

4.4 The SFRA discusses the surface water runoff conditions post-development; it 
states: 

‘for both greenfield and brownfield sites the development runoff volumes and peak 

flow rates leaving the site should be attenuated to the greenfield discharge 

conditions and that drainage systems should be designed to accommodate all storm 

events up to and including the 1 in 100 year event including climate change’  

4.5 The site currently drains to the watercourses which flow through the site and 

therefore it is proposed for the development to continue to drain in this manner. In 

accordance with the SFRA guidance it is proposed to restrict the development runoff 

to the greenfield QBAR rate – as illustrated within Table 4.1. The greenfield rate 

has been calculated for both the east and west areas of the site.  

Return 
Period 
(Yrs) 

Runoff Rate (l/s) 

Existing (East) 
Proposed 

(East) 
Existing (West) Proposed (West) 

QBAR 3.6 

3.6 (5) 

7.2 

7.2 30 7.1 14.1 

100 9.3 18.5 

Table 4.1 Existing and Proposed Runoff Rates 

Attenuation Volumes and Sustainable Drainage Systems 

4.6 The storage volumes required to restrict runoff to the greenfield rate have been 

considered for return periods up to and including the 100 year + climate change 

event and have based upon an anticipated development density of approximately 

65%. Due to the proposed residential land use; a climate change provision has 

been identified as +30%. 

4.7 Quick Storage Estimates have been calculated using Micro Drainage WinDes 

software, the methods are included as Appendix E. Table 4.2 shows the results 
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of these calculations; they indicate the maximum volume of storage required for 

the 100-years +30% (climate change) for the site as a whole is 1941m3. However 

in order to fully utilise the two watercourses, the site has been split into two 
separate catchments and will be treated as separate areas. 

Return 
Period 
(Yrs) 

Estimated Storm Water Storage Range (m3)  

East West 

Min Max Min Max 

30 194 328 388 656 

100 287 458 575 916 

100+CC 398 647 797 1294 

Table 4.2 Proposed Attenuation Volumes 

4.8 Surface water runoff may be reduced by minimising the impermeable area through 

the use of porous surfaces, maximising the amount of vegetated area and above 

ground storage alongside the use of Sustainable Drainage Systems (SuDS) to 
manage and treat flows prior to discharge.  

4.9 For the purpose of this indicative drainage assessment it is proposed that the 1 in 

100 plus climate change volume would be attenuated within the eastern and 
western catchments of the site as calculated within Table 4.2.  

Eastern Catchment 

4.10 The eastern catchment is proposed to be served by a pond in the north of the site 

which provides a total volume of approximately 400m3.  The intended rate of 

discharge to the ditch would be 3.6l/s however, a control structure limiting flows 

to less than 5.0l/s would be impractically small, and it is therefore proposed to 

adopt a fixed discharge rate of 5.0l/s. This is in-line with DEFRA and EA 
recommendations6.  

Western Catchment 

4.11 The volume to be attenuated for the western catchment is proposed to be within a 

basin which would provide a total storage of 800m3. The intended rate of discharge 

from this area of the site would be 7.2l/s.  The proposed shape of the pond is as 

shown in Appendix F in order to allow surface water from across the entire area 

to drain towards the pond. It will have a depth of 1m. 

4.12 The details of the proposed attenuation basins and SuDS are available in the site 

layout (Appendix B). 

                                                
 
6 2013, Kellagher. Preliminary rainfall runoff management for developments – Technical Report. W5-074/A/TR/1, Revision E. Environment 
Agency / Defra. 
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5.0 SEQUENTIAL TEST AND EXCEPTION TEST 

5.1 The Sequential Test is a risk-based application intended to direct new development 

to areas of lowest possible flood risk, and ensuring development is located within 

an appropriate Flood Zone. This is done by classifying land use according to its 
vulnerability to the potential impacts of flooding.  

5.2 Table 2 of the Planning Practice Guidance classifies land use. Under these 

classifications the proposed development use; residential, is considered to be ‘More 
Vulnerable’. 

5.3 Table 3 of the Planning Practice Guidance identifies that a ‘More Vulnerable’ 

development within Flood Zone 1 is considered to be ‘appropriate’ and the does not 
need to be considered under the Exception Test. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 This Flood Risk Assessment (FRA) is compliant with the requirements set out in the 

National Planning Policy Framework (NPPF) and the associated Technical Guidance 

(March, 2012). The FRA has been produced on behalf of Newland Homes in respect 

of a planning application for the proposed commercial/industrial development at 

Collin Lane, Willersey. 

6.2 This report demonstrates that the proposed development is at an acceptable level 

of flood risk, subject to the recommended flood mitigation strategies being 

implemented. The identified risks and mitigation measures are summarised within 
Table 6.1: 

Flood Source Risk Proposed Mitigation Measure 

Fluvial High 

Development lies wholly within Flood Zone 1. However two 
watercourses run through the site, which are caused to spill by 
undersized culverts under Collin Lane. Mitigation measures to 

prevent flooding of the site include two interceptor swale 
features, the culverting of a small reach of existing 
watercourse under the proposed access road and the widening 
of the flood corridor of the western watercourse in the northern 
section of the site. 

Further mitigation will be provided by raising finished floor 

levels a minimum of 600mm above the 100 year plus climate 
change event flood level or 150mm above the surrounding 
ground levels (whichever is most conservative), and profiling 
ground levels to direct overland flows away from the built 

development. 

Pluvial runoff High 

The risk of the pluvial flooding on the site will be mitigated 
through the implementation of a surface water drainage 
system designed to the 1 in 100 year plus climate change 
standard. 

Further mitigation will be provided by raising finished floor 
levels a minimum of 600mm above the 100 year plus climate 

change event flood level or 150mm above the surrounding 
ground levels (whichever is most conservative), and profiling 
ground levels to direct overland flows away from the built 
development. 

Groundwater Low 

Any residual risk posed by groundwater sources will be 

mitigated by raising finished floor levels a minimum of 150mm 
above surrounding ground levels, and profiling ground levels to 

direct overland flows away from the built development. 

Sewers Medium 

The risk of the external sewer capacity being exceeded is low  

Any residual risk will be mitigated through raising the 
development a minimum of 150mm above the surrounding 
ground levels. 

Impact of 
the 
Development 

Medium 
The impact of the development on flood risk in the wider 
catchment will be mitigated by restricting runoff from the 
development at greenfield rates, and through the use of SuDS. 

Table 6.1 Summary of FRA 

6.3 In compliance with the requirements of National Planning Policy Framework, and 

subject to the mitigation measures proposed, the development could proceed 
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without being subject to significant flood risk. Moreover, the development will not 

increase flood risk to the wider catchment area as a result of the flood mitigation 

strategies being implemented and suitable management of surface water runoff 
discharging from the site. 
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APPENDIX A 

TOPOGRAPHICAL SURVEY 
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APPENDIX B 

PROPOSED DEVELOPMENT DRAWINGS 

INCLUDING DRAINAGE LAYOUT 
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All comments and proposals contained in this report, including any conclusions, are based on information available 

to BWB Consulting during investigations.  The conclusions drawn by BWB Consulting could therefore differ if the 

information is found to be inaccurate or misleading.  BWB Consulting accepts no liability should this be the case, nor 

if additional information exists or becomes available with respect to this scheme. 

 

Except as otherwise requested by the client, BWB Consulting is not obliged to and disclaims any obligation to 

update the report for events taking place after:- 

 

(i) The date on which this assessment was undertaken, and 

(ii) The date on which the final report is delivered 

 

BWB Consulting makes no representation whatsoever concerning the legal significance of its findings or the legal 

matters referred to in the following report. 

 

The information presented and conclusions drawn are based on statistical data and are for guidance purposes only.  

The study provides no guarantee against flooding of the study site or elsewhere, nor of the absolute accuracy of 

water levels, flow rates and associated probabilities. 

 

This report has been prepared for the sole use ofError! Reference source not found.Newland Homes.  No other third 

parties may rely upon or reproduce the contents of this report without the written permission of BWB.  If any 

unauthorised third party comes into possession of this report they rely on it at their own risk and the authors do not 

owe them any Duty of Care or Skill 
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 INTRODUCTION 1.0

 BWB Consulting Ltd has been commissioned by Newland Homes to undertake a 1.1

hydraulic modelling exercise to investigate the flood risk at a future development site 

off Collin Lane, Willersey. The modelling exercise will be used to inform the 

masterplanning of the site as well as in supporting a Flood Risk Assessment of the 

development. 

 The site is located on the north-eastern fringe of Willersey on the site of a former 1.2

Nursery. Collin Lane runs along the southern boundary, and just to the north is a 

former railway embankment. A site location plan is illustrated within Figure 1.1. 

 
Figure 1.1 - Site Location Plan 

 Two unnamed watercourses flow within the vicinity of the site. One runs through the 1.3

eastern proportion of site, and the second flows along the eastern site boundary. The 

watercourses converge just downstream of the site before being culverted through 
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the railway embankment. For the purposes of this report the watercourses will be 

referred to as the Willersey Stream. 

Previous Studies & Available Data 

 The Environment Agency Flood Maps for Planning identify that the study site is 1.4

located entirely within Flood Zone 1. However, this is believed to be a result of the 

local watercourses being too minor to be included within the national Flood Zone 

coverage. 

 The Environment Agency Risk of Flooding from Surface Water national mapping does 1.5

include the Willersey Brook catchment. This does identify two significant overland flow 

routes through Willersey – both of which follow the channel of the Willersey Stream. 

This is believed to be illustrative of the potential floodplain extents of the 

watercourses. The mapping (included as Figure 1.2) shows that the eastern proportion 

of the site could be subject out of bank flooding. 

 
Figure 1.2 - Environment Agency Risk of Flooding from Surface Water Maps 

  A hydraulic model of the Willersey Stream, of sufficient detail to support a site specific 1.6

Flood Risk Assessment, is not believed to be available.  

 An Internet search revealed that Cotswold District Council completed some flood 1.7

alleviation work in Willersey in 2010. However, this is reported to have involved works 

to a channel system further to the east (on Campden Road). 

 Online newspaper articles and the SFRA identify that there is historic flooding issues in 1.8

Willersey, although the exact location is not identified.   
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Other Sources of Data 

 The following additional datasets were used within the hydraulic modelling exercise: 1.9

(i) EA 1m LiDAR Digital Terrain Model (DTM) 

(ii) Watercourse Cross-sectional Survey of the Willersey Stream – Appendix 2 

(iii) Ordnance Survey 1:10,000 scale mapping 

(iv) Photographs from a site visit undertaken in June 2014 by BWB Consulting 

(v) Flood Estimation Handbook CD-ROM (version 3.0) 

(vi) Hi-Flows Database (version 3.3.2) 

Aim & Objectives 

 The primary aim of this exercise was to establish a good hydrological and hydraulic 1.10

representation of the fluvial flooding mechanisms and magnitude within the site. The 

model will be used to inform the site layout and a Flood Risk Assessment (FRA) of the 

development. 

 To achieve this aim the following objectives were identified: 1.11

i. Create a one-dimensional (1D) hydraulic model of the watercourse through 

Willersey and the study site. 

ii. Create a two-dimensional (2D) floodplain representation of the site and 

surrounding floodplain. 

iii. Undertake a hydrological assessment of the catchment to estimate peak flood 

flows and generate flood hydrograph profiles. 

iv. Simulate flood events within the combined 1D-2D model to establish a set of 

baseline conditions  

v. Simulate sensitivity tests and residual risks within the model, to include roughness 

coefficients, blockage scenarios and 1 in 100 year flows. 
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 HYDROLOGICAL ASSESSMENT 2.0

 The Willersey Brook is an un-gauged catchment, therefore there are no hydrometric 2.1

records of river flows or levels on which a hydrological assessment can be made.  

 Therefore it was necessary to undertake a hydrological analysis of the likely flood 2.2

flows using the industry standard methodologies: the FEH (Flood Estimation 

Handbook) Statistical Analysis; and the ReFH (Revitalised Flood Hydrograph) rainfall-

runoff model.  

 Other methodologies such as IoH124, and the Modified Rational method were 2.3

dismissed due to the size and rural nature of the catchment. The FEH rainfall-runoff 

hydrological model was not utilised as this has been superseded by the ReFH. 

Catchment Descriptors  

 The Willersey Brook catchment descriptors were extracted from version 3.0 of the FEH 2.4

CD-ROM from downstream of the site, just upstream of Badsey Lane. Key catchment 

descriptors can be found in Table 2.4 below and a map of the catchment is available 

in Figure 2.1.  

Table 2.1 - FEH Catchment Descriptors 

Descriptor Value 

Catchment Co-ordinates (National Grid Reference)  409950, 240150 

AREA (km2) 0.8 

BFIHOST – Base Flow Index 0.343 

FARL – Flood attenuation from reservoirs & lakes 1 

FPEXT – Floodplain extent 0.108 

PROPWET – Proportion of time that soils are wet 0.32 

SAAR – Standard Average Annual Rainfall 679 

SPRHOST – Standard Percentage Runoff  (Host soils classification) 45.45 

URBEXT2000 – Fraction of Urban Extent 0.0998 

 A review of the FEH catchment was undertaken against the LiDAR DTM and OS 2.5

mapping. This revealed that the FEH over predicts the Willersey Brook’s north eastern 

extent – this area actually drains to a separate catchment. However, it also identified 

that the FEH underestimates the south western catchment extent. This is illustrated 

within Figure 2.1. 

 The catchment descriptors were updated with the area as defined by the LiDAR 2.6

(1.13km2). As the general shape and positioning of both the FEH and LiDAR derived 

catchments are relatively similar it was not considered necessary to reappraise the 

other descriptor values.  
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Figure 2.1 - Catchment Extents 

FEH-Statistical Analysis 

 WINFAP version 3 was utilised to undertake a statistical analysis of the Willersey Brook 2.7

using a hydrometric record of gauged catchments with similar catchment 

descriptors. The latest version of the Hi-Flow dataset (3.3.2, September 2012) was used 

to provide an up-to-date hydrometric record. Appendix 1 contains extracts from 

WINFAP procedure illustrating the methodology and detailing the pooling group. 

 A group of hydrological similar gauged sites was generated by the software from the 2.8

‘OK for Pooling’ dataset. This was identified as ‘heterogeneous’ - this does not mean 

that it is inappropriate, just that it should be reviewed.  

 The group was reviewed to identify sites which may be inappropriate due to 2.9

inaccuracies, uncertainties or limitations in their data record. Station 76011 (Coal Burn 

@ Coalburn) was identified to be significantly discordant when compared to the rest 

of the pooling group. However, upon further review it was found that the station and 

its record was sufficiently accurate for the purposes of this assessment. The station is 

identified as discordant as its growth curve is significantly steeper than the rest of the 

group. This has a conservative influence on the pooled growth curve, so the station 

was retained. 

 All other stations in the pooling group were also considered to be acceptable: they 2.10

were all identified as having sufficient record length, and to be of sufficient 

hydrological similarity for the purpose of this study (i.e.: no other sites within the Hi-

Site Location 

 

FEH Catchment 

 

LiDAR Catchment 
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Flows dataset are believed to be more representative). It is believed that the 

heterogeneous nature of the pooling group is a result of the limited number of small 

gauged sites which are available for statistical analysis.  

 The resultant pooling group record length totalled 505years, which meets the 2.11

recommended guidelines on record length. 

 In line with the generally accepted approach; the ‘generalised logistic’ distribution 2.12

(regarding as the best fit for most UK catchments) was selected to derive a growth 

curve from the pooling group. 

 The URBEXT2000 value (0.0998) was updated using the national average model of 2.13

urban growth to estimate the 2014 urban extent (0.1029 – moderately urbanised). 

 The Hi-Flows dataset was used to generate a list of potential donor sites from the “Ok 2.14

for QMED & Pooling” dataset. It is the recommended procedure to use a ‘Donor 

Station’ to validate the estimation of QMED on the study catchment. In this instance 

station 54036 (Isbourne @ Hinton on the Green) was identified as being the most 

appropriate station to act as a donor. This increased the estimated QMED from 

0.406m3/s to 0.418m3/s. 

 The software generated a growth curve from the selected distribution, and an urban 2.15

adjustment factor (UAF) of 1.096 was applied. The resultant peak flows are 

summarised within Table 2.2. 

Revisited Flood Hydrograph Analysis 

 The ReFH unit within ISIS 3.7 was utilised to undertake an estimation of the peak flows 2.16

from the catchment. The critical duration of the watercourse was identified as 2.41 

hours at a time step of 0.161 hours.  

 Due to the rural nature of the catchment a winter storm profile was adopted; all other 2.17

parameters were left as default.  

Table 2.2 - Summary of Peak Flows 

Return Period Annual Exceedance 

Probability (AEP) 

Peak Flows (m3/s) 

FEH Statistical Analysis ReFH 

2 (QMED) 50.0% 0.418 0.640 

20 20.0% 0.856 1.24 

75 1.3% 1.28 1.68 

100 1.0% 1.33 1.79 

1000 0.1% 2.52 3.29 
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Figure 2.2 - ReFH Flow Estimates 

Discussion 

 The results in Table 2.2 show that the ReFH analysis produced the more conservative 2.18

estimates. To facilitate a conservative analysis in the flood modelling, the higher ReFH 

flows will be adopted. The generated flood hydrographs are illustrated above within 

Figure 2.2. 

Willersey Brook Sub-Catchments 

 The Willersey Brook can be split into two sub-catchments associated with the two 2.19

branches of channel: the western and eastern.  

 The LiDAR DTM was used to identify the areas draining to each sub-catchment – this is 2.20

illustrated within Figure 2.3.   

 It is believed that the catchment descriptors would not vary significantly between 2.21

each sub-catchment, so the estimated flood flows for the complete catchment were 

distributed between them proportionally with their area. 
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Figure 2.3 - Willersey Brook Sub-Catchments 

 

 

 

 

Eastern Sub-catchment: 

0.61km2 (54%) 

Western Sub-catchment: 

0.52km2 (46%) 
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 HYDRAULIC MODEL 3.0

 A dynamically linked 1D-2D modelling approach was adopted: the in-channel 3.1

conditions and hydraulic structures were modelled within a 1D ESTRY domain; and the 

complex out-of-bank flow routing was modelled within a 2D TUFLOW domain. 

ESTRY: The 1D In-Channel Model Domain 

Topography 

 A cross-sectional watercourse survey was completed in June 2014. This extended from 3.2

the southern side of Willersey (upstream of Broadway Road, and 500m upstream of 

the site) to Badsey Lane (250m downstream of the site). It included both the eastern 

and western braches of the watercourse. The surveys are included as Annex B. 

 The eastern watercourse contains five major culverted reaches/structures which are 3.3

summarised below; 

 285mm diameter circular culvert under Broadway Road (NGR: 410361, 239195). 

  

 332mm diameter circular culvert adjacent to Field House (NGR: 410344, 

239223).  

  

 690mm diameter circular culvert adjacent to Fields Lane (NGR: 410304, 

239343). 

 

 495mm diameter circular culvert under Collin Lane and outfalling into the study 

site (NGR: 410223, 239634). 

  

 700mm diameter circular culvert adjacent to Timms Green and outfalling to the 

western watercourse channel (NGR: 410190, 239856). 

 The western watercourse contains five major culverted reaches/structures which are 3.4

summarised below, in descending order: 

 378mm diameter circular culvert under Broadway Road (NGR: 410640, 239000). 

  

 900mm diameter circular culvert adjacent to Willow Road (NGR: 410550, 

239371).  

 

 600mm diameter circular culvert under Collin Lane and outfalling next to the 

eastern boundary of the study site (NGR: 410341, 239615). 

 

 600mm diameter circular culvert adjacent to Timms Green (NGR: 410214, 

239859). 

 

 800mm by 900mm arch culvert through the railway embankment (NGR: 410184, 

239923). 

 The structures were modelled as circular culverts with a Manning;s ‘n’ roughness of 3.5

0.015 – representative of concrete culverts. 

 The exception to this was the railway arch culvert which was modelled as an irregular 3.6

culvert using a height to width ratio calculated from the survey. 
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 Channel cross-sections were surveyed at regular intervals in locations which captured 3.7

the general condition and shape of the open watercourses. The sections were 

truncated at top-of-bank, at what would be the interface with the 2D floodplain 

(thereby avoiding double counting the conveyance of the river corridor).  

 The channel was fairly well vegetated with some shoals and pools throughout the 3.8

majority of the surveyed reaches; this is demonstrated within Figure 3.1. A Manning’s 

‘n’ roughness value of 0.045 was adopted to represent these conditions. 

 
Figure 3.1 - Photograph showing the typical condition of the channel 

Boundary Conditions 

 A head-time boundary was used at the downstream extent of the model. This was set 3.9

as a constant water level at the same level as top-of-bank. Given the 250m distance 

and 3m height differential between the site and the bank levels at the downstream 

boundary, this approach should be acceptable. The suitability of the downstream 

boundary is analysed as part of the forthcoming sensitivity tests. 

 The ReFH flood hydrographs, as described in Section 2.0, were used as the upstream 3.10

boundary conditions (flow-time boundaries) for the two channels.  

 A ‘lumped’ approach was adopted when applying the flows to the model, whereby 3.11

the hydrograph from the entire catchment was applied to the top of the model.  
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2D TUFLOW: Floodplain Model Domain 

Topography 

 Environment Agency 1m resolution LiDAR DTM (Digital Terrain Model) data was used 3.12

as a base for the 2D floodplain; this has undergone a filtering process to remove 

buildings and vegetation to provide a bare earth ground model. 

 A 3.0m resolution grid was adopted for the TUFLOW model; this is considered to be 3.13

more than sufficient given the semi-rural nature of the floodplain, but was considered 

necessary due to the relatively narrow channel width.  

 Although the 3.0m cell size will pick up most of the significant topographic features, 3.14

the river banks were reinforced using a ‘Z-line’. This was primarily informed from the 

watercourse survey, but where survey coverage was limited the LiDAR data was used 

to supplement bank levels.  

 Buildings were modelled at ground levels allowing them to be permeable to flood 3.15

water. 

Roughness 

 Roughness coefficients for the 2D domain were assigned according to land use. 3.16

These were digitised from aerial photography and Ordnance Survey 1:10,000 

mapping, in accordance with standard practice for the TUFLOW software. 

ESTRY Interface 

 The ESTRY-TUFLOW interface was digitised on top of the bank lines; a HX (External 3.17

Head) boundary was adopted as the interface type. A Form Loss Coefficient (FLC) 

was applied to the interface to represent the energy lost as flows peel off from the 

watercourse to the floodplain and vice versa. Given the vegetated nature of the 

banks a FLC of 0.25 was adopted, this is in line with the 0.1 to 0.5 range 

recommended by the software developers. 

 The channel was removed from the TUFLOW domain using a ‘code’ layer, and ‘NWK’ 3.18

and ‘WLL’ layers were used to display the ESTRY results within TUFLOW to aid in 

floodplain mapping. 

Initial Conditions 

 To generate a stable starting position for the flood simulations, a constant low flow 3.19

was run through the model in a ‘base flow’ simulation. After 2hrs the 1D domain had 

reached a stable equilibrium and a ‘restart file’ was generated. All the flood events 

use this restart file as initial conditions at t=0. 

Model Calibration 

 As no hydrometric data or historic flood mapping were available, the model could 3.20

not be directly calibrated against historic flood events. 

 However, it is believed that the conservative approach to the model build should 3.21

offer a sufficiently robust model for the purposes of assessing flood risk at the site. 
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Design Events 

 The model was simulated against the following key design flood events: 3.22

 1 in 20 year (5% AEP) 

 1 in 100 year (1% AEP) 

 1 in 100 year + 20% (representative of climate change) 

 1 in 1000 year (0.1% AEP) 

Model Stability and Limitations 

Simulation Parameters 

 TUFLOW version 2013-AC-iDP-w64 was used in all the simulations. All parameters were 3.23

retained as default.  

 A time step of 1 second was adopted for the ESTRY and TUFLOW domains. 3.24

Results Parameters 

 TUFLOW maximum results were output for water levels, depths, and UK Hazard Rating. 3.25

UK Hazard rating was derived from the following equation1:  

Hazard Rating = D * (V+0.5) + DF 

Where: 
D = depth 
V = velocity 
DF = Debris Factor 

 
 Table 3.1 identifies the recommended debris factors from FD2321/TR1. The debris 3.26

factor has been set at ‘Conservative’, which is considered suitable for informing a 

Flood Risk Assessment of the site. 

Table 3.1 - Guidance Debris Factors (Ref: FD2321/TR1) 

Depths Pasture/Arable Woodland Urban Conservative* 

0 to 0.25 m 0 0 0 0.5 

0.25 to 0.75 m 0 0.5 1 1 

d>0.75 m and/or v>2 0.5 1 1 1 

*an additional category in TUFLOW 

 

 Table 3.2 identifies the thresholds of the flood hazard categories as identified within 3.27

DEFRA guidance document FD2320 and the “Supplementary Note on Flood Hazard 

Ratings and Thresholds for Development Planning and Control Purpose” (DEFRA, 2008) 

which have been adopted within this exercise. 

                                                      

 
1 DEFRA R&D Outputs: Flood Risks to People Phase Two Draft FD2321/TR1 and TR2 



COLLIN LANE, WILLERSEY 

TECHNICAL NOTE: HYDRAULIC MODELLING 

OCTOBER 2014 

BMW/2315/TN1/REV1 

 

 

 
  13 
 

 

 

 

 

Table 3.2 - Hazard to People2 

Threshold for Flood 

Hazard Rating 

Degree of Flood 

Hazard 

Description 

< 0.75 Low 
Caution - “Flood zone with shallow flowing water 

or deep standing water” 

0.75 - 1.25 Moderate 
Danger for some (i.e.: children) - “Danger: Flood 

Zone with deep or fast flowing water” 

1.25 - 2.0 Significant 
Danger for most people - “Danger: Flood Zone 

with deep fast flowing water” 

2.0 > Extreme 
Danger for all - “Extreme Danger: Flood Zone with 

deep fast flowing water” 

Model Stability 

 Depths were reported and the model flux (flow in and out) did not show any 3.28

evidence of an unstable/fluctuating ESTRY-TUFLOW interface – albeit due to the low 

flows the flux rarely exceeded the minimum value of 1m3/s. 

 The ESTRY-TUFLOW mass error initially spikes at between 3 to 4% during the initial 3.29

wetting at the start of the simulations. This is a typical symptom of TUFLOW models and 

is a result of the low volumes generally present at the start of a simulation and will not 

affect the peak results. Over the course of the simulation the mass error falls back to 

within 1 to 2%.   

 This is marginally outside of the typical tolerance range of 3%. However, similarly to 3.30

the initial spiking, it is believed that the slightly elevated mass error is a result of the low 

volumes within model. This is likely to be exacerbated by the steep shallow flows 

generated by the topography and the small cell size necessitated by the narrow 

channel. Given these constraints, the mass error values are considered to be 

acceptable. 

Limitations 

 The modelling exercise has made use of the available data at the time of 3.31

construction and simulation.  

 The model contains no formal representation of the conveyance within minor 3.32

watercourses or ditches other than that captured by the model grid and within the 

ESTRY model domain.  

 As no hydrometric data or recorded flood levels were available the model has not 3.33

been verified or calibrated. However, a conservative approach to the model build 

has been adopted where appropriate, and a wide range of sensitivity tests have 

been undertaken to help to compensate for this limitation.  

 The 3.0m resolution of the model may negate any small scale topographic features, 3.34

although all the significant features are believed to have been captured. 

                                                      

 
2 2008, DEFRA. Supplementary Note on Flood Hazard Ratings and Thresholds for Development Planning and Control Purposes. 
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 The base line floodplain levels are derived from LiDAR which has limited accuracy (+/- 3.35

0.15m). This is considered to be more than sufficient for the purpose of this exercise, 

and the LiDAR has been updated with topographic survey within the study site. 

 In accordance with best practice, buildings were modelled at ground levels allowing 3.36

them to be permeable to flood water. 

 This modelling exercise has been undertaken to produce a good representation of 3.37

flood risk mechanisms in and around the site. It has not been designed to accurately 

map flooding in the wider catchment. 
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 Baseline Results 4.0

 A range of hydrological scenarios were modelled to understand the extents and 4.1

depths of flooding under existing conditions. These are shown in Appendix 5. It is 

shown that during relatively low return period events (1 in 20 year – 5% AEP) there is a 

significant overland flood route on the site. The flows from both the eastern and 

western watercourses exceed the capacity of their culverts under Collin Lane. 

 When the western watercourse spills out of its culvert under Collin Lane the 4.2

preferential flow route is not back into the watercourse channel, but via two overland 

flow routes; the eastern flow route takes a route through the northern portion of the 

site, returning to the channel at the furthest point north of the site. 

 There is also an eastern flow route, which is shown to run through existing buildings. In 4.3

greater return period events this western flow route is extended beyond the site 

boundary, and is shown to inundate properties downstream of the site. 

 It should be noted that water within the overland flow routes is shallow, with depths 4.4

shown to be under 150mm.  

 The site is shown to fall within the 1 in 100 year + climate change floodplain of the two 4.5

watercourses. Therefore any development which is to occur on the site will require 

mitigation to prevent inundation of properties. A freeboard of 600mm will also be 

required above this flood level.  



COLLIN LANE, WILLERSEY 

TECHNICAL NOTE: HYDRAULIC MODELLING 

OCTOBER 2014 

BMW/2315/TN1/REV1 

 

 

 
  16 
 

 

 

 Proposed Development Modelling 5.0

 Flooding on the site is shown to be shallow, with depths during the 1 in 100 + climate 5.1

change under 150mm. Therefore a robust flood risk mitigation strategy has been 

developed to reduce the risk to an acceptable level, allowing a development of 

circa. 50 units on the site. 

 It is not feasible to increase the size of the culverts of the watercourses under Collin 5.2

Lane, this would cause a number of issues with the costs associated costs likely to be 

prohibitive to development on the site. The mitigation optioneering was therefore 

limited to an onsite solution.  

Results 

 The details of the mitigation requirements can be found below, including an 5.3

explanation of how they were implemented in the model. 

 The proposed model was run at the same scenarios as the existing conditions and a 5.4

comparison of top water levels is made available in each of the drawings in 

Appendix 7. These show that in each of the return periods up to and including the 

design event of 1 in 100 year + climate change, water is restricted to either the 

watercourse, or the proposed flood corridor and interception features. During the 

1000 year event water spills onto the site, from the eastern watercourse though the 

proposed finished floor levels mitigate this residual risk. The western portion of the site 

remains dry, and there is still significant betterment in water levels downstream of the 

site. 

 During the 20 year flood event there is shown to be significant betterment on the 5.5

upstream side of Collin Lane, with an existing property’s garden removed from flood 

risk. This is also the case on the downstream side of Collin Lone, where flow remains 

within bank and is no longer shown to flood the property which is encompassed by 

the site boundary.  

 During the 75 year flood event there is also betterment provided to this property; 5.6

though it is shown to still become inundated; albeit to a lower depth. However, during 

this event existing conditions show there to a number of properties located 

downstream of the site to become inundated. With the proposed mitigation features 

these are now removed from the floodplain altogether, as the overland flow which 

affects them is collected by the western watercourse swale feature and redirected 

into the channel. 

 Results for the 1 in 100 year + climate change scenario show the mitigation strategy to 5.7

provide significant betterment to the catchment as a whole, with water levels within 

the inundated property which is encompassed by the site boundary shown to be 

lower, and the a number of properties downstream shown to be removed from the 

floodplain. There are shown to be minor increases in water level within the 

watercourse channel, though it is thought these are acceptable in exchange for the 

significant betterment which the strategy provides to the catchment as a whole. 

 It is necessary to raise finished floor levels of proposed properties in order to achieve a 5.8

minimum of 600mm freeboard above the 1 in 100 + climate change flood event. 

While  
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Mitigation Strategy 

 This section is split into two parts, the first explain the solution to flooding caused by 5.9

the western watercourse, the second section explains mitigation requirements on the 

eastern watercourse. These requirements are summarised in drawing 

BMW/2315/WSK05, available in Appendix 6. 

Western Watercourse  

Interception of overland flow 

 As water enters the site from the south, it is proposed that a shallow swale feature be 5.10

dug to collect water and direct it back towards the channel. This was implemented 

as a ‘z-line’ feature within TUFLOW within the layer ‘2d_zln_propSwale_006_L.shp’ this 

line is attributed the ‘Thick’ command to ensure a whole cell width is captured within 

the model. Its elevations are taken from points snapped to nodes along the line, 

which are saved in the layer ‘2d_zln_propSwale_006_P.shp’. 

 In order to route water from the swale effectively into the existing watercourse it was 5.11

found to be necessary to pipe the flow from the downstream end of the swale 

feature under the proposed road, and back into the watercourse. This was done in 

the 1D domain, using an ‘SX’ point boundary to link flow from the 2D swale feature 

into the 1D culvert. 

Widening of existing flood corridor 

 It is also proposed to formalise the floodplain within the site in a flood corridor.  This will 5.12

be created within the 8m standoff from bank top. A 5m wide shelf will be scraped 

adjacent to the existing watercourse, this will allow for additional water during high 

flow events, as illustrated in Figure 5.1 below.  

 
Figure 5.1 - Proposed flood corridor expansion, indicative cross section 

 

 The widening of the corridor was achieved through adjusting the sections found in the 5.13

1D domain. The watercourse itself has not been altered, though the top of the right 

hand bank has been lowered in order to allow the flood corridor to engage  more 

readily, conveying water more efficiently through the site. The sections which were 

changed are ‘R1 XS3’, ‘R1 XS4’, and ‘R1 XS5’, each of these has ‘_prop001’ 

appended to its file name in the proposed conditions model. 
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Extension of existing culvert 

 In order to prevent water spilling onto the site and onto the only proposed access 5.14

road it is necessary to extend the existing culvert which emerges on the site, this is to 

be extended by approximately 30m, under the proposed road, outfalling into the 

watercourse downstream of the proposed road. This part of the mitigation strategy is 

vital to enable the intercepting swale feature to work effectively. 

Eastern Watercourse  

 On the eastern watercourse is it is proposed to include a single swale feature 5.15

intercepting overland flow located adjacent to the site boundary. This was reinforced 

in a similar manor to the western watercourse swale, using the spoil from the swale to 

create a bund to prevent any water spilling from the swale and onto the site. 

Northern Boundary 

 It is proposed that at the northern extremity of the site there be an above ground 5.16

surface water attenuation feature. It is necessary to ensure that this will not become 

inundated with fluvial flood water, it was therefore arbitrarily raised above the 

floodplain using a ‘z-shape’ layer ‘2d_zsh_RaisedDev_04_R.SHP’ with the ‘NO MERGE’ 

command. 
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 Sensitivity Testing 6.0

 In order to understand any residual risk to the site several sensitivity tests were 6.1

undertaken. The results of which are available in Appendix 7. All sensitivity tests were 

carried out at the 1 in 100 year scenario under the proposed conditions. With 

drawings showing the modelled difference in top water level between the scenarios. 

 An increase in of flow by 20% shows there to be a modest increase in flood extent, 6.2

both up and downstream of the site, with top water levels also increasing, though 

there only two additional properties inundated. 

 Three blockage scenarios were carried out, with 50% blockage of each of the three 6.3

culverts undertaken separately. This was carried out through altering the ‘blockage’ 

attribute of each culvert.  

 BL1: A 50% blockage of the large downstream railway embankment culvert has no 6.4

impact on top water level. 

 BL2 :  this scenario is of blocking the eastern watercourse under Collin Lane. This 6.5

causes a re-instatement of the overland flow route as the proposed mitigation swale 

cannot cope with the additional volume of water, however, it is thought that this 

residual risk is mitigated through the raising of floor levels across the site. 

 BL3: this scenario blocks both the western watercourse culvert under Collin Lane and 6.6

the proposed culvert collecting water from the intercepting swale feature and 

outfalling it into the watercourse downstream of the proposed road, similar to BL2  this 

is shown to reactivate an onsite overland flow route. Though there is also an increase 

in water levels immediately upstream of the swale’s culvert. 

 It was also necessary to test the implication on both an increase a decrease in 6.7

floodplain and channel roughness. A 20% change was implemented for both runs. 

 The implication of an increase in roughness is an increase in water levels within the 6.8

channel, as well as some modest increase in flood extent. Decreasing roughness by 

20% shows there to be little change, though there are some minor areas where top 

water level is decreased within bank. 

 As mentioned above the downstream boundary is controlled via a HT relationship. In 6.9

order to make sure that, if this relationship has been incorrectly identified this does not 

impact flood levels on the site of interest 500mm was added. Results show there to be 

a minor increase in flood extents and in channel levels at the downstream extremity 

of the model domain, though there is no change in water level at the site of interest. 
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 Conclusions 7.0

 BWB were commissioned by Newland Homes to create a bespoke hydraulic model of 7.1

the two watercourses which affect the site off Collin Lane, Willersey. 

 Hydrologically the catchments are complex, with the FEH-CD ROM not showing the 7.2

true split in catchments. Adjustments have been applied to both the catchment 

descriptors and areas to ensure that what occurs in reality is reflected in the 

estimated flood flows which were estimated using the REFH method. 

 The hydraulic model was built using the latest version of the ESTRY-TUFLOW modelling 7.3

software. Existing conditions show there to be two overland flow routes emanating 

from the culverts under Collin Lane. It was therefore necessary to develop a 

mitigation strategy to ensure the proposed development remain safe during the 

design (1 in 100 + climate change) flood event. Results show that this proposed 

mitigation strategy is effective, and actually reduces flood risk to others downstream 

of the site, whilst it does not increase flood risk to those upstream.  
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WINFAP Statistical Analysis Details 
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Watercourse Survey 
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APPENDIX 4 

Environment Agency Correspondence 



Environment Agency, Riversmeet House, Newtown Industrial Estate, Northway Lane, Tewkesbury, 

Gloucestershire, GL20 8JG. 
Customer services line: 03708 506 506 
E-mail: enquiries@environment-agency.gov.uk 

www.gov.uk/environment-agency 

 

  

Josepine Green 

BWB Consulting Ltd 

e-mail: 

josephine.Green@bwbconsulting.com 

Our Ref: W-5616 

  

Date: 

 

4 July 2014 

 

 

Dear Josepine Green 

 

Re: Product-1 FRA for land at Collin Lane, Willersey, Broadway, Worcestershire 

WR12 7PE.  NGR: SP 10090 39654. 

 

Thank you for your request for information that was received on 03/07/2014. 

 

Please note:the EA cannot legally provide PDF Surfacewater Flood Maps, as they are 

owned by the Local Authority. Please go to our website to view them or contact the Local 

Authority 

Please note:Product-1 only 

Floodplain Map and Flood Zone classification. 

No modeled flood levels and no flood event history available.  

 

Before proceeding with this request, we will require a payment of £50 + VAT.  This is not a 

charge for supplying the data, but a charge for the copyright licence which is set out in our 

Standard Notice.  The Standard Notice explains how you may use the information you have 

asked for and will be sent to you at the same time that we send you the information. 

 

Charging Summary 

 

Copyright Licence Charge     =  £50.00  

VAT @ 20%      = £10.00 

Total cost      = £60.00 

 

VAT Registration Number: GB 662 4901 34 

  

 

Please make your cheque payable to the Environment Agency and send it to the External 

Relations Department, at the address below. If you prefer to pay by credit card please 

mailto:enquiries@environment-agency.gov.uk
http://www.gov.uk/environment-agency


2 

 

 

Environment Agency, Riversmeet House, Newtown Industrial Estate, Northway Lane, Tewkesbury, 

Gloucestershire, GL20 8JG. 
Customer services line: 08708 506 506 
Email: enquiries@environment-agency.gov.uk 

www.gov.uk/environment-agency 

 

contact us on 01743 283412 or 01743 283410. 

  

Once we have received your payment, we will endeavour to provide you with a full response 

within 10 working days.  However, with complex enquiries, this is not always possible.  We 

have 20 working days to be within our Service Commitment.   

 

If we have not received your payment within 60 days of the date of this letter/e-mail we will 

assume that you no longer require the information.  

  

If you have any queries regarding this email please contact us on the number below. 

 

 

Yours sincerely 

 

 

 

 

Matthew Weston 

External Relations Officer 

 

For further information please contact the Customer Services team   

Tel:  01743 283410/3412 

Direct e-mail:- MIDLANDSCUSTOMERSERV@environment-agency.gov.uk 

 

 

 

Enc. 

Standard Notice. 

mailto:enquiries@environment-agency.gov.uk
http://www.gov.uk/environment-agency
mailto:MIDLANDSCUSTOMERSERV@environment-agency.gov.uk


 

 

 
   
 

 

 

APPENDIX 5 

Baseline Hydraulic Modelling Results 
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APPENDIX 6 

Mitigation Strategy & Proposed Development Hydraulic Modelling Results 
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APPENDIX E 

WINDES DRAINAGE METHODS AND RESULTS  
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