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	EXECUTIVE SUMMARY




JBA were commissioned by Gallagher Estates in January 2004, to undertake a Flood Risk Assessment for a proposed development site at Gavray Drive, Bicester.  The main flood risk to the site is considered to be from the Langford Brook, which flows through the centre of the site.  This Flood Risk Assessment and the report follow the relevant guidelines in Appendix F of PPG25.
The site is shown to be within the Environment Agency’s 2004 Flood Risk Zone Maps, information for which is available from the local council.  These maps however, are only based on a limited assessment. A steady state hydraulic model, using HEC-RAS v3.1.1 modelling software package has been constructed to enable a more accurate representation of the 1% Annual Exceedance Probability (AEP) flood outline to be derived.

A topographical survey of the channel and structures was carried out by K.V. Surveys on behalf of JBA in June 2004, for input into the model.  A land survey of the site, from which a digital terrain model could be derived, was provided to JBA by the Client for use in this study.

The Flood Estimation Handbook (FEH) which describes two different approaches to flood estimation; the Statistical method and the Rainfall-Runoff method was adopted for use in this study.  The Statistical method is based on the estimation of an index flood, and uses information from hydrologically similar sites for flood frequency analysis.  The Rainfall-Runoff method is a conceptual unit hydrograph-based model, which derives flood frequency curves from rainfall characteristics.  The 1% AEP flow using the Statistical analysis was derived as 3.5m3/s and the Rainfall-Runoff 1% AEP flow was 7.5m3/s.  Although the pooling group derived for the Statistical analysis was considered to be homogeneous and therefore a good representation in relation to the subject site, the 1% AEP flow of 3.5m3/s was considered to be too low for a catchment with an area of 17.02km2.  From the catchment descriptors there was nothing unusual concerning the flow hydrology which would bring about such a low flow, therefore it was considered more appropriate to use the Rainfall-Runoff 1% AEP flow of 7.5m3/s as the input for the model.
The 1% AEP (1 in 100-year) water level estimates, derived from the Langford Brook model, were used to plot the 1% AEP flood outline across the site.  This process was achieved by firstly creating a digital terrain model (DTM) of the study area based on the land survey supplied to JBA by the Client.  Secondly, the maximum stage results from the hydraulic model were combined with the DTM to create a water surface, detailing the extent of the flood event.

Following discussions with the Environment Agency, it was considered appropriate to derive the flood outline using the water levels corresponding to the model with +20% Manning’s ‘n’ values.  Deriving the outline with these slightly higher water levels would incorporate uncertainty in the survey data and sensitivity within the model runs.  The final flood outline across the site is illustrated below.

Flood Extent across the Site
[image: image1.png]



Due to the topography of the area, a small proportion of the site will be affected by flooding during a 1% AEP flood event.    
The flood outline derived represents the worst case scenario, as to create the outline the water levels from the model were projected across the floodplain until the topography of the site is equal to the 1% AEP water level +20% increase in Manning’s ‘n’.  In reality there may not be sufficient volume of water to reach these extents.  The steady state model developed provides a conservative robust estimate of the flood potential on the site, assuming that all undersized culverts upstream of the site are replaced in the future. 
The proposed site at Gavray Drive, Bicester lies within PPG25 flood risk zones 2 and 3 – medium to high risk.  The area of the site which lies outside of the 1% AEP (1 in 100-year) flood extent is considered to be suitable for most development.  
The Environment Agency states that during times of flooding in a 1% AEP (1 in 100-year) flood event, a dry means of access must be available to the site.  A dry means of access would be available to the site from all main access roads, particularly the A4421.

The Environment Agency recommends that floor levels of all new developments be set a minimum of 600 mm above the 1 in 100-year flood levels.  The modelled 1 in 100-year water level in the vicinity of the site is 66.74 m AOD.  Floor levels of the proposed development should therefore be constructed at a minimum elevation of 67.34 m AOD.
Floodplain rationalisation has been considered and it is proposed to rationalise the floodplain on the site rather than have a layout that fits around the existing floodplain outline.  It was considered appropriate to provide a like for like compensation, as depths of flooding, apart from a small area, were less than 0.3m.

Spreadsheets were used to undertake the compensation calculations and the total volume of water which will need to be compensated for was calculated to be 673.40m3.

Calculations showed that by lowering the area to a level of 66.6m AOD would provide a storage capacity of 742.2m3, which is sufficient to compensate for the area being raised and will slightly increase the floodplain volume.  
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	1 introduction



1.1 Background
Gallagher Estates commissioned JBA consulting to undertake a Flood Risk Assessment for a proposed development at Gavray Drive, Bicester.  This Flood Risk Assessment provides information on the nature of the flood risk to the proposed development site.
The main flood risk to the site is considered to be from one source; the Langford Brook, which flows through the middle of the site.
1.2 Planning Policy Guidance Note 25

Planning Policy Guidance Note 25 (PPG25
) was issued by the ODPM in July 2001.  This introduced the sequential tests and the risk based approach to flood risk and development and priorities based on flood zones as outlined in PPG25.  In accordance with PPG25, the main study requirement is to identify flood risk zones for the proposed development site, based on assessments for both current conditions and in 50 years time (to take into account the effects of possible climate change). 
1.3 Site Description

The proposed housing development is located in Bicester, bounded to the south and east by Gavray Drive and to the north by the railway, and covers an area of approximately 24 hectares.  The Langford Brook flows in a southerly direction through approximately the centre of the site.
The current site is open fields (Figure 1‑1), which is under various ownership including Gallagher’s.  The location of the site is shown in Figure 1‑2.
Figure 1‑1  Representative Site Photographs, 23 June 2004
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	Photograph 1‑1
Description: View standing on Gavray Drive, looking at the proposed development site to the west of the Langford Brook
Reference: 2004s0546-A-P001
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	Photograph 1‑2
Description: View standing on Gavray Drive, looking at the proposed development site to the east of the Langford Brook

Reference: 2004s0546-A-P002



Figure 1‑2  Location of Site, Gavray Drive, Bicester
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	Note: Watercourses – blue polyline

Proposed site – hatched red
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1.4 The Environment Agency
The Environment Agency is a statutory consultee for all planning applications and will give comments and recommendations to the planning authority for any proposed developments affecting a watercourse.

The Indicative Floodplain Maps (IFMs) were superseded on 1st July 2004 with the 2004 Flood Zone Maps, derived using JFLOW 2-dimensional modelling and currently have been issued to all councils.  The flood extents of these maps, available for viewing at the local council, have been reproduced below in Figure 1‑3.  These maps show quite extensive flooding of the site, extending to 250m on the left bank of the Langford Brook and up to 150m to the right bank.  Although being produced using more technologically advanced methodologies than the previous Indicative Floodplain Maps (IFMs), they are still only a guide and a detailed assessment is required to determine an accurate 1% AEP (1 in 100-year) flood outline across the site.  As such, a comprehensive hydrological and hydraulic modelling analysis was undertaken for the Langford Brook, using a detailed land survey to produce a digital terrain model (DTM), from which the flood outline could be derived.   
Figure 1‑3  2004 Flood Zone Maps
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	Note: Watercourses – blue polyline
1% AEP Flood Extent (Zone 3) – blue hatched

Site – red hatched
© Crown copyright.  All rights reserved. Licence number – AL100013365


1.5 Hydrological and Hydraulic Modelling Approach 
The Flood Estimation Handbook (FEH) is the methodology recommended by the Environment Agency for hydrological modelling.  The handbook consists of two main methods of flow estimation, namely the Statistical method (FEH-Stat) and the Rainfall-Runoff method (FEH-RR).  Both methods have been used in the study.  The methods rely on catchment descriptors taken from the FEH CD-ROM.  Full analysis is shown in Chapter 2.
As no previous model exists for the Langford Brook, JBA developed a new steady state HEC-RAS hydraulic model, reported in Chapter 3.
1.6 Topographic Survey

JBA commissioned K.V. Surveys of Malvern, Worcestershire, to undertake a topographical survey of the Langford Brook.  Details of river structures were also recorded.  The cross sections, to Ordnance Datum, were surveyed in July 2004.
The Client supplied JBA with a land survey of the site.
1.7 Climate Change
The period October to December 2000 ranks as the second wettest three-month sequence for England and Wales in the last 200-years.  Unusual though recent climate change patterns have been, several broadly comparable wet episodes can be identified.  These include the October to January periods of 1960/61, 1929/30 and 1952/53.  Also, although the high storm rainfall totals recorded, for example in mid-October 2000, are rare; they are by no means unprecedented.  The recorded rainfalls are well within the envelope of meteorological fluctuations that characterise the climate of England and Wales.

Recent research by the Environment Agency suggests that over the next 30 to 50 years the probability of occurrence of severe flood flows will increase.  Unfortunately, this increase in severity cannot, as yet, be accurately quantified and analyses of the annual maximum flood series at the longer term gauging stations do not provide compelling evidence for any climate driven trend.  Without such a trend or other quantifiable increase in flood magnitudes it is impractical to incorporate the possible effects of climate change into the design of flood alleviation schemes.

Various organisations have addressed the need to take a precautionary approach to the possibility of enhanced risks due to climate change by adopting an arbitrary percentage increase in the flood estimates computed from historic data sets.  For example MAFF (now DEFRA) recommends “sensitivity analysis of river flood alleviation schemes should take account of potential increases of up to 20% in peak flows over the next 50 years”.  DEFRA do not make clear however, whether both design flood peaks and flood volumes should be increased by 20%.  For some larger rivers the impact of such an increase might involve a shift from a 100-year event to a 1000-year event, in today’s terms, depending on the slope of the relevant frequency curve(s).

Therefore, while we endorse the need to consider the implications of the occurrence of a flood larger than the design event, and we do not rule out the possibility that climate change may affect future flood flows; an agreed value for climate change is not available.  As a precautionary measure we recommend the DEFRA guideline of a 20% increase in flow be used as part of the sensitivity analysis.

	2 hydrological analysis 



2.1 Approach to the Hydrology 
The hydrological assessment has been undertaken to derive the 1% AEP (1 in 100-year) flow for the Langford Brook, which flows through the centre of the proposed development site.
A flow estimate was made for the following inflow point of the Langford Brook:
· OS NGR SP 459636 222565
2.2 Methodology

The Flood Estimation Handbook (FEH) describes two different approaches to flood estimation; the Statistical method and the Rainfall-Runoff method.  The Statistical method is based on the estimation of an index flood, and uses information from hydrologically similar sites for flood frequency analysis.  The Rainfall-Runoff method is a conceptual unit hydrograph-based model, which derives flood frequency curves from rainfall characteristics.

The Langford Brook at the above flow estimation point has a catchment area of 17.02 km2.  No gauging stations are located within the catchment.  The hydraulic model used to estimate the flood risk to the site is a steady-state model, which requires peak flow estimates.

2.3 Catchment Descriptors

The FEH CD-ROM provides catchment boundaries derived from a digital terrain model (DTM).  The DTM uses information from 1:50,000 OS maps to position likely drainage paths on a grid of 50m x 50m.  The catchment descriptors are then computed digitally from this information.  The major descriptors used in this report are shown in Table 2‑1. 
Table 2‑1  Definition of Selected FEH Catchment Descriptors

	Descriptor
	Description

	AREA
	Catchment area (km2).

	BFIHOST
	Baseflow index derived from the HOST soil classification system.

	DPLBAR
	Mean drainage path length (km).

	DPSBAR
	Mean drainage path slope (m/km).

	FARL
	Index to describe the attenuation due to lakes and reservoirs within the catchment area.  A value of 1 indicates no attenuation.

	PROPWET
	Index to describe the proportion of time when soil moisture deficit (SMD) was below 6mm during the period 1961-90.  

	SAAR
	Standard average annual rainfall, taken from the period 1961-90.

	SPRHOST
	Standard percentage runoff derived from the HOST soil classification system (%).

	URBEXT1990
	Extent of urbanisation.  This has been taken from an index of urban and suburban land cover formulated in 1990.  


It is generally accepted that urbanisation augments flow.  Therefore, adjustments to flow estimates can be made on the strength of the URBEXT1990 descriptor.  If URBEXT1990 is greater than 0.025, an adjustment is required for the Statistical method, whereas for the Rainfall-Runoff method an adjustment should be made if URBEXT1990 is greater than 0.125.  URBEXT1990 has been updated using the urban expansion factor noted in Equation 2‑1.

	Equation 2‑1



UEF = 0.8165 + 0.2254 tan-1 { ( Year – 1967.5 ) / 21.25 }




            

where 
UEF = urban expansion factor 


Year = subject year


Table 2‑2 shows the catchment descriptors for the Langford Brook catchment and the two analogue catchments discussed in section 2.4.

Table 2‑2  Selected Subject Site and Analogue Site Catchment Descriptors

	Descriptor
	Catchments 

	
	Langford Brook (subject site)
	29009 Ancholme @ Toft Newton
	30017 Witham @ Colsterworth

	NGR
	4596 2225
	5033 3877
	4929 3246

	AREA (km2)
	17.02
	29.55
	50.23

	FARL
	0.990
	1.000
	1.000

	PROPWET
	0.32
	0.26
	0.27

	BFIHOST (m3/s/km2)
	0.684
	0.628
	0.657

	DPLBAR (km)
	4.43
	5.39
	7.38

	DPSBAR (m/km)
	15.6
	12.42
	22.59

	SAAR (mm)
	634
	616
	641

	SPRHOST (%)
	23.3
	25.6
	22.6

	URBEXT2004
	0.046
	0.005
	0.007


2.4 Hydrological Data

The catchment areas defined by the DTM were verified with boundaries derived manually from topographical maps.  No discrepancies were identified. 
In flood hydrology, observed data are preferable to improve flow estimates.  In the absence of gauged data within the catchment, donor or analogue catchments can be used to transfer data to the subject site.  No suitable donor catchments were identified; instead analogue catchments were selected to improve the subject site QMED estimate.  The top four stations selected in the pooling group were analysed for their suitability with respect to the subject catchment.  Dowles Brook @ Dowles was considered unsuitable because the permeability of the catchment is lower than that of the subject site catchment and below the FEH permeability threshold of 20%.  River Foulness @ Holme Farm was not used as the area of the catchment is too large, following guidelines outlined in FEH, which state that a factor of 4 to 5 is appropriate.  

Ancholme @ Toft Newton and Witham @ Colsterworth, although located in the Anglian region, were considered suitable analogue catchments having similar catchment descriptors to that of the subject catchment.  The suitability of analogue catchments is not easy to judge, and therefore both analogue catchments have been used instead of placing reliance on one alone.  A summary of the gauging stations can be found in Table 2‑3 below.
Table 2‑3  Summary of Analogue Catchments 
	Station name
	FEH Number
	OS NGR
	Catchment area (km2)
	Period of record
	Comments on data quality 

	Ancholme @ Toft Newton
	29009
	5033 3877
	29.55
	1974-2001 
	Flat V weir (3.03m wide) with theoretical calibration confirmed by check gaugings. There is no drowning or bypassing, and the station is immediately u/s of entry point of flows from Toft Newton reservoir. No major abstractions or returns.

	Witham @ Colsterworth
	30017
	5629 2233
	50.23
	1978-2001 
	Flat V weir 4.996m wide; theoretical calibration. Summer flows very heavily augmented by transfers from Rutland Water until Jun 1985, when direct Rutland/Saltersford pipeline opened.

Notes:  3 summer flows prior to June 1985 excluded from the AMAX dataset due to flows being heavily augmented.


2.5 Statistical Analysis - Methodology
The FEH Statistical methodology is based on the analysis of annual maximum flows, and the index flood is the median annual maximum (AMAX), denoted by QMED.  For gauged sites QMED is the median value of either the AMAX or POT series.  Where sites are not gauged, the index flood is estimated from catchment descriptors or by data transfer.  The index flood (QMED) is then scaled by a growth factor derived from either a mathematical distribution of flow data at the site or a ‘pooling group’ of gauged UK catchments if the site is ungauged.  This pooling group is selected using similar hydrological characteristics to the subject site, and the attributes of their flood data are statistically combined to produce a growth curve, from which growth factors are extracted.

2.6 Statistical Analysis – Index Flood
QMED for the site under consideration was derived for all the analogue catchments, using Equation 2‑2 shown below.  Equation 2‑3 calculates QMEDCD.  Note that an adjustment for urbanisation was required as the subject site catchment had an URBEXT2004 value of 0.046.  The index floods of the two analogue catchments are shown in Table 2‑4, whilst the index flood values for the ungauged site can be seen in Table 2‑5.
	Equation 2‑2



QMED s,adj  = QMED s,cds   x (QMED g,obs  / QMED g,cds)

where 
QMED s,adj = adjusted QMED for subject site 


QMED s,cds  = QMED derived by catchment descriptors for subject site

QMED g,obs  = QMED of donor site from observed data

QMED g,cds  = QMED of donor site from catchment descriptors



	Equation 2‑3
2.6.1 
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where 
QMED RURAL = as-rural index flood (m3/s) 


AREA = catchment area (km2)


AE  = 1 - 0.015 ln (AREA/0.5)

SAAR = standard average annual rainfall (mm)


FARL = index to show attenuation by lakes


SPRHOST = standard percentage runoff derived from HOST soil classification (%)

RESHOST  = BFIHOST + 1.3 (SPRHOST/100) - 0.987


BFIHOST = baseflow index derived from HOST soil classification


Table 2‑4  Index Flood (QMED) for the Analogue Catchments 

	Gauging Station
	QMEDAMAX (m3/s)
	QMEDCD (m3/s)
	Ratio

	29009 Ancholme @ Toft Newton
	1.8
	2.8
	0.66

	30017 Witham @ Colsterworth
	5.8
	4.3
	1.35


Table 2‑5  Index Flood for the Ungauged Catchment 
	Location
	Donor Catchment 
	QMED s,cds 

(m3/s)
	Ratio
	QMED s,adj 

(m3/s)

	L_Sub1
	Toft Newton
	1.5
	0.66
	1.0

	L_Sub1
	Colsterworth
	1.5
	1.35
	2.0


In this instance it is necessary to apply the multi-site adjustment procedure as outlined in FEH Volume 3, Chapter 4.  Using this methodology, the final QMED estimate is obtained as a weighted average of the individually transferred estimates (using Equation 2‑4).    

	Equation 2‑4
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where 
Wi = relative weights


The choice of weights Wi reflects the similarity of the gauged sites to the subject site.  Both analogue sites had similar catchment descriptors to that of the subject site, as shown in Table 2‑2.  Greater emphasis was applied to the analogue catchment Ancholme @ Toft Newton, as the catchment area was more similar to that of the subject site.  The final weightings applied are shown in Table 2‑6.

Table 2‑6  Multi-Site Adjustment Procedure Weightings

	Location
	Weights (Wi)

	29009 Ancholme @ Toft Newton
	0.6

	30017 Witham @ Colsterworth
	0.4


The final QMEDs,adj derived using the methodology outlined above was calculated to be;

QMEDs,adj = 1.3m3/s

2.7 Statistical Analysis – Growth Curve

The pooling group is a group of hydrologically similar catchments whose combined growth curves produce the growth factors with which to scale the index flood.  The number of sites within the pooling group is dictated by the target return period (T), where the combined station record of all the pooling sites within the group should be greater than 5T.  Therefore, if the target return period is 100-years then the total record length for the whole pooling group should be greater than 500 years.

Sites for the pooling group are selected by hydrological similarity using three catchment descriptors; namely AREA, SAAR, and BFIHOST, and is carried out by the WINFAP-FEH database.  Once chosen, the pooling group can be altered.  Stations can be added or taken away if desired.  This is determined by a measure of discordancy and record length amongst others.

A pooling group was constructed for the subject site.  The initial pooling group consisted of 22 gauging stations with a total of 501 years of AMAX data.  The initial pooling group was characterised as heterogeneous, and thus the entire pooling group was reviewed.  Several stations had to be removed due drowning and bypassing of the gauge.  The revised pooling group consisted of 20 gauging stations and included 502 years of AMAX data and was characterised as homogeneous and therefore, a further review of the pooling group was not required.  WIN FAP-FEH selected the General Logistic (GL) distribution as the most suitable to construct the pooled flood frequency curve, as it closely weighted the average L-Kurtosis and L-Skewness of the pooling group sites.
The final 1% AEP (1 in 100-year) Statistical design flow estimate is shown in Table 2‑7.
Table 2‑7  Final Statistical Design Flow Estimates

	Catchment 
	Return Period/AEP

	
	100-year (1%)
	100-year +20% (Climate Change)

	L_Sub1
	3.5
	4.2


2.8 Rainfall-Runoff Method
The FEH Rainfall-Runoff method is a conceptual model that uses a hypothetical unit hydrograph and design rainfall to produce a flow hydrograph.  Whereas the Statistical method uses a growth curve to estimate flood frequency, the Rainfall-Runoff method estimates the flood frequency curve by factoring the design rainfall for the appropriate return period.  These rainfall frequency statistics can be obtained directly from the FEH CD-ROM.

There are three main parameters that govern the Rainfall-Runoff method.  These are:

· Time to peak (Tp)

· Standard percentage runoff (SPR)

· Baseflow (BF)
These can be estimated using catchment descriptors.  However, it is stated in the FEH that flow estimation is greatly improved if parameters (in particular SPR and Tp) are identified directly from observed data or adjusted by data from a suitable donor or analogue catchment. 
Using the UK Event Archive, published in Volume 4, Appendix A, flood event data was only available for one of the analogue catchments (30017 Witham @ Colsterworth).  It was considered inappropriate to derive Rainfall-Runoff estimates from observed data using only one analogue catchment where the records available are only for a period in the 1980’s.  Therefore, the Rainfall-Runoff 1% AEP flow was derived using catchment descriptors only.    
The FEH Rainfall-Runoff model has been implemented in the iSIS modelling software v2.2.  This modelling software is capable of performing all the required calculations.

Due to the catchment being classified as ‘essentially rural’ a time step of (t = 1.0 hours was chosen.

The extent of urbanisation in the catchment is low (URBEXT < 0.125 for Rainfall-Runoff threshold) and therefore a winter storm profile was chosen.

The critical storm duration was estimated as in Equation 2‑5.

	Equation 2‑5
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A storm duration of 13.0 hours was chosen.

2.9 Design Flow Estimates

Using the iSIS FEH module, the 1% AEP (100-year) design flow estimate for the Langford Brook using catchment descriptors is shown in Table 2‑8. 

Table 2‑8  Final Rainfall-Runoff Design Flow Estimates 

	Catchment 
	Return Period/AEP

	
	100-year (1%)
	100-year +20% (Climate Change)

	L_Sub1 
	7.5
	9.0


2.10 Choice of Method

The 1% AEP flow estimates using both the Statistical and Rainfall-Runoff methodologies were;

· 7.5m3/s (Rainfall-Runoff)

· 3.5m3/s (Statistical)

As shown, the two methods produced different results.  Although the pooling group created using the Statistical analysis was considered to be homogeneous and therefore quite a good representation in relation to the subject site.  The subject site had an URBEXT value of 0.046 the Statistical method is generally considered to be suitable for essentially rural catchments.
The subject catchment is also small; 17.02km2, and the FEH favours the Rainfall-Runoff method for smaller catchments. 

In choosing the final methodology, it was considered that 3.5m3/s Statistical derived flow estimate was too low for a 100-year estimate for a catchment of 17.02km2, for which there were no apparent reasons.  It was therefore thought that the flow of 7.5m3/s was more representative for this study catchment. 
	3 hydraulic modelling



3.1 General
In the absence of an existing model of the Langford Brook at Bicester, JBA constructed a steady state model of the brook using the HEC-RAS version 3.1.1 hydraulic modelling software.  The software was developed by the US Army Corps of Engineers and was released in May 2003.    HEC-RAS can simulate water levels in open channels as well as in various types of structures, and will also resolve the transition from sub-critical to super-critical flow.

The Langford Brook model extends for just over 1200m, from its upstream extent approximately 300m downstream of the A4421 Charbridge Lane (OS NGR SP 599 230), to approximately 200m downstream of Gavray Drive at OS NGR SP 594 221.  Both upstream and downstream boundary conditions were set at the ‘normal depth’, calculated from the gradient of the river bed.

Where structures are present in the model, HEC-RAS requires there to be a cross-section at both the upstream and downstream face of the structure, therefore some of the sections had to be duplicated, as the surveyor did not always survey both the faces of the structure, if they were seen to be very similar.  On structures that appeared to differ from upstream to downstream, or where complex structures were present, for example Gavray Drive bridge, both the upstream and downstream faces of the structure were surveyed.

3.2 Hydraulic Modelling Methodology  

Two hydraulic modelling methodologies were available for use in this study, namely steady state modelling and unsteady state hydrodynamic modelling.  The choice of methodology utilised is dependent on engineering judgements made on the nature of the watercourse in question and associated flood routing.

The main limitation of steady state modelling is that it does not simulate time-varying behaviour such as flood wave attenuation due to storage and time-based operation of control structures and pumps.  A hydrodynamic model directly calculates these effects and also provides the opportunity to distinguish between such issues as areas of floodplain serving as purely static storage and those actively conveying flow (functional floodplain).
For this study, a steady state model was thought to be appropriate, as due to the short model length, the attenuation of flow in the floodplain was considered to be low.
It was also thought appropriate to use a steady state model to ensure that if the structures at Charbridge Way (upstream of the site) were modified or removed in the future, the model would represent this, as a steady state model assumes the same flow throughout the reach, and ignores any online flood storage due to undersized culverts.
3.3 Data Collection
JBA appointed K.V. Surveys of Malvern to undertake a topographical channel and floodplain survey of the Langford Brook at Gavray Drive, Bicester.  This survey consisted of 13 watercourse sections from grid reference OS NGR SP 599 230 at the upstream extent of the model, to grid reference OS NGR 594 221 downstream of the site, and included details of all the structures present along the modelled stretch of watercourse.  The survey, to ordnance datum, was undertaken in July 2004. 
JBA staff, with experience in hydrology and hydraulic modelling, undertook a walkover survey during July 2004.  Details of watercourse and floodplain roughness values, structures and possible flow routes were assessed and recorded during this survey.  This information provided a starting point to develop the hydraulic model.
3.4 Open Channel Sections
The hydraulic model of Langford Brook contained a total of 16 open channel sections (three of the original survey sections had been duplicated as a result of the presence of structures).  Survey sections six, five and four were extended to approximately 500m on both the left and right banks, using a topographic spot level survey which was provided to JBA by the client.  Figure 3‑1 shows the locations of the cross-sections in the HEC-RAS model.
Figure 3‑1  Cross-Section Locations in the HEC-RAS Model
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	Note: Watercourses – blue polyline
Cross-sections – red polyline
© Crown copyright.  All rights reserved. Licence number – AL100013365


3.5 Roughness Coefficients

Channel and floodplain roughness is represented by Manning’s ‘n’ values in the model.  Initial values were determined by experience and by reference to published literature (e.g.  Chow 1959
).  Geomorphological and hydraulic literature documents the general case that in most rivers, the ‘n’ value decreases with increasing stage and discharge.  During periods of relatively low flow, irregularities on the bed (form roughness) and the effects of bed and bank vegetation tend to elevate the ‘n’ value, whereas during periods of flood with significant depths above the main channel and floodplain, the value of ‘n’ is dramatically diminished as bathymetric and topographic irregularities are ‘drowned’ out and vegetation cover is submerged.  The latter is particularly the case between Autumn and Spring when floods are most common and vegetation cover declines.

The final values were chosen following a walkover survey by an experienced modeller and consideration of the above commentary.  As Langford Brook is winding with some weeds and stones, a value of 0.035 was used in the model for the main channel (below the bankfull reference level).  When the floodplain is inundated, changes in vegetation within the main channel are considered unlikely to have a marked effect on the stage of flow.  For the floodplain a value of 0.040 was adopted, as the land adjacent to the channel consists of light brush and trees in summer.
A Manning’s ‘n’ value of 0.014 was chosen for the three culverts under the Gavray Drive Bridge. A Manning’s ‘n’ value of 0.011 represents a smooth, concrete culvert, straight and clear of debris, therefore a slightly higher Manning’s ‘n’ of 0.014 was deemed appropriate for these culverts.      
3.6 Structures
The modelled reach of the Langford Brook contains a large number of structures, details of which were obtained from the topographical survey.  The following details the location of the structures: 

· Structure 11.5 – Railway bridge at grid reference OS NGR SP 598 228.

· Structure 10.25 – Bridge near Charbridge Way at grid reference OS NGR SP 592 228.

· Structure 7.95 – Wooden footbridge at grid reference OS NGR SP 596 226.

· Structure 6.5 – Railway bridge at grid reference OS NGR SP 596 225.

· Structure 3.5 – Gavray Drive bridge at grid reference OS NGR SP 595 225.

· Structure 1.7 – Wooden bridge at grid reference OS NGR SP 595 221.
Figure 3‑2  Representative Photographs of Modelled Structures 

	Photograph 3‑1  Structure 11.5

Structure 11.5


	Photograph 3‑2  Structure 10.5
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	Photograph 3‑3  Structure 6.5

Structure 6.5


	Photograph 3‑4  Structure 3.5
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Contraction and expansion coefficients are essential in the hydraulic model computations, to determine the energy losses due to the expansion and contraction of flow, between two adjacent cross-sections during the standard step profile calculations.  These coefficients were determined using the HEC-RAS manual
.  The manual suggests that typical values of contraction and expansion coefficients are 0.1 and 0.3 respectively for a gradual transition along an open channel.  These values therefore have been adopted for the open channel section.  However, the values 0.3 and 0.5 are recommended for the bridge contraction and expansion coefficients respectively in all the relevant HEC-RAS publications.  The same values were therefore used in this study.
3.7 Floodplains

The floodplains of the Langford Brook are represented in the model as single cross-sections which extend either side of the main channel.  For the sections which flow past the site, the floodplain was extended to approximately 500m from both the left and right banks, using information from a topographical spot level survey, which had been provided by the client.

3.8 Model Runs and Results
The HEC-RAS model of Langford Brook was run for a range of scenario’s, detailed below:

· 1% AEP (1 in 100-year) flow.

· Sensitivity to flow - 1% AEP flow + 20% (climate change scenario).

· Sensitivity to variations in Manning’s ‘n’.

· Sensitivity to changes in downstream boundary.

The Rainfall-Runoff derived 1% AEP (1 in 100-year) peak flow of 7.5m3/s was used for the Langford Brook.  DEFRA recommend that a 20% increase in this value is used as a sensitivity analysis, and also to assess possible enhanced risks due to climate change.  The 20% flow increase, gives a ‘climate change’ flow of 9.0m3/s.  
Summary results from the model are shown in Table 3‑1 and cross sections adjacent to the site and the model longitudinal section are shown in Figure 3‑3 and Figure 3‑4 respectively.. 
Table 3‑1  Summary of Model Results 

	HEC-RAS Label
	1% AEP 

Water Level (m AOD)
	1% AEP + 20%

Water Level (m AOD)

	13
	69.44
	69.55

	12
	69.22
	69.31

	11
	68.70
	68.77

	10.5
	68.63
	68.66

	10
	67.90
	68.06

	9
	67.90
	68.00

	8
	67.75
	67.87

	7.9
	67.61
	67.80

	7
	67.31
	67.50

	6
	66.65
	66.64

	5
	66.74
	66.86

	4
	66.69
	66.85

	3
	66.67
	66.82

	2
	66.54
	66.67

	1.5
	66.48
	66.57

	1
	66.41
	66.51

	Notes:  Bold & italic text are the cross sections which are adjacent to the site


Figure 3‑3  HEC-RAS Cross Sections Adjacent to the Site 

	HEC-RAS Section 6
Structure 11.5


	HEC-RAS Section 5
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	HEC-RAS Section 4
Structure 6.5


	

	[image: image16.emf]-600


-400


-200


0


200


400


600


64


65


66


67


68


69


70


Final_Rev model       Plan: Final RLH 27/07/04 v2 -200mm    26/07/2004 
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The effect of the 1% AEP (1 in 100-year) modelled water levels on the site, are discussed in section 4.3.
Figure 3‑4  HEC-RAS Model Longitudinal Section
[image: image17.emf]0


200


400


600


800


1000


1200


1400


64


66


68


70


72


74


Final_Rev model       Plan: Final RLH 27/07/04 v2    26/07/2004 


Main Channel Distance (m)


Elevation (m)


Legend


WS  100-year


Ground


Langford 1




0 200 400 600 800 1000 1200 1400

64

66

68

70

72

74

Final_Rev model       Plan: Final RLH 27/07/04 v2    26/07/2004 

Main Channel Distance (m)

Elevation (m)

Legend

WS  100-year

Ground

Langford 1


As shown in Figure 3‑4 the structures in the location of Charbridge Way, upstream of the site, are a restriction on flow.  The downstream structure at Gavray Drive is surcharged but does not have a significant head loss.
3.9 Sensitivity Analysis

Flow

A sensitivity analysis to flow has been carried out for the Langford Brook HEC-RAS model, by increasing the 1% AEP (1 in 100-year return period) flow by 20%.  The flow used was 9.0m3/s.  The model results for the flow sensitivity analysis can be seen in Table 3‑1.

Roughness

A sensitivity analysis was carried out on the Manning’s ‘n’ values that were chosen to represent the channel of the watercourse.  Manning’s ‘n’ values were altered by both -20% and +20%.  Results are shown in Table 3‑2.  

The results illustrated that the model is sensitive to change in Manning’s ‘n’, and it is therefore recommended that the channel is regularly maintained to ensure that particularly between Autumn and Spring, when larger flood events are more likely to occur, the channel does not become overgrown or obstructed. 
Downstream Boundary
In the absence of known stage-discharge information for the downstream boundary, a sensitivity analysis was carried out on the downstream boundary.  This was done by varying the water depth by +/- 200mm.  On completion of the 1% AEP (1 in 100-year) flow model run, the water surface elevation of the last cross-section (section 1), was noted.  This value was modelled to be 66.41m AOD.  Results are shown below in Table 3‑2. 
Table 3‑2  Sensitivity Analysis on Mannings ‘n’ and Downstream Boundary

	HEC-RAS Label
	Mannings ‘n’     -20% Water Level (m AOD)
	Mannings ‘n’ +20% Water Level (m AOD)
	Downstream Boundary           -200mm Water Level (m AOD)
	Downstream Boundary           +200mm Water Level (m AOD)

	13
	69.41
	69.47
	69.44
	69.44

	12
	69.21
	69.24
	69.22
	69.22

	11
	68.68
	68.73
	68.70
	68.70

	10.5
	68.63
	68.65
	68.63
	68.63

	10
	67.90
	67.97
	67.90
	67.90

	9
	67.86
	67.95
	67.90
	67.90

	8
	67.74
	67.80
	67.75
	67.75

	7.9
	67.50
	67.73
	67.61
	67.61

	7
	67.18
	67.44
	67.31
	67.30

	6
	66.49
	66.65
	66.65
	66.70

	5
	66.62
	66.80
	66.74
	66.84

	4
	66.58
	66.80
	66.69
	66.83

	3
	66.55
	66.79
	66.67
	66.81

	2
	66.41
	66.64
	66.54
	66.71

	1.5
	66.37
	66.57
	66.48
	66.64

	1
	66.29
	66.51
	66.41
	66.61

	Notes:  Bold & italic text are the cross sections which are adjacent to the site


	4 flood risk



4.1 Planning Policy Guidance Note 25 (PPG25)
In July 2001 the DTLR issued Planning Policy Guidance note 25 (PPG25), now published by the ODPM.  This introduced the sequential tests and the risk based approach to flood risk and development.  Development priorities are to be based on flood zones as outlined in PPG25.  The flood zones are shown in Table 4‑1.

Table 4‑1  PPG25 Flood Risk Zones

	FLOOD ZONE (see note a)
	Appropriate Planning Response

	Zone 1: Little or No Risk

Annual probability of river flooding 0.1% (1 in 1000-year)
	No constraints due to river flooding.

	Zone 2: Low to Medium Risk

Annual probability of river flooding 0.1% to 1.0% (1 in 1000-1 in 100-year)
	Suitable for most development.

For this and higher flood risk zones, flood risk assessment is required appropriate to the scale and nature of the development.

Subject to operational requirements in terms of response times, these and higher risk zones are not generally suitable for essential civil infrastructure, such as hospitals, fire stations, emergency depots etc.

	Zone 3: High Risk (see note b)

Annual probability of flooding with defences where they exist 1% or greater (less than a 1 in 100-year protection).
	

	Zone 3a: Developed Areas
	These areas may be suitable for residential, commercial, and industrial development providing the appropriate minimum standard of flood defence (including suitable warning and evacuation procedures) can be maintained for the lifetime of the development.

	Zone 3b: Undeveloped and sparsely developed areas
	These areas are generally not suitable for residential, commercial and industrial development unless a particular location is essential, eg for navigation and water based recreation uses, agriculture and essential transport and utilities infrastructure, and alternative lower-risk location is not available.

	Zone 3c: Functional floodplains
	These areas may be suitable for some recreation, sport, amenity and conservation uses (providing adequate warning and evacuation procedures are in place).  Built development should be wholly exceptional and limited to essential transport and utilities infrastructure that has to be there.  Such infrastructure should be designed and constructed so as to remain operational even in times of flood.

	Notes:

Zone 3 is split into three sub-zones.

Tidal flooding risks have not been included in this table.

Appropriate Planning Responses have been limited to those relevant to this flood risk assessment.

Note a: All risks relate to the time at which a land allocation decision is made or an application submitted.  The Environment Agency will publish maps of these flood zones.  Flood Zones should be identified from Agency flood data ignoring the presence of flood defences.  Local Authorities should, with the Agency, identify those areas currently protected by those defences and the standard of protection provided by those defences.

Note b: Development should not be permitted where existing sea or river defences, properly maintained, would not provide an acceptable standard of safety over the lifetime of the development, as such land would be extremely vulnerable should a flood defence embankment or sea wall be breached, in particular because of the speed of flooding in such circumstances (see PPG25 paragraph 69).




4.2 Flood Risk to the Site

Flood risk to the site is considered to be from one main source; the Langford Brook.  The appropriate standard for flood protection is 1% AEP (1 in 100-year).
4.3 Derivation of the 1 in 100-year Flood Outline

The 1% AEP (1 in 100-year) water level estimates, derived from the Langford Brook model, have been used to plot the 1% AEP flood outline across the site.  This process was achieved by firstly creating a digital terrain model (DTM) of the study area (illustrated in Figure 4‑1) based on the land survey supplied to JBA by the Client.  Secondly, the maximum stage results from the hydraulic model were combined with the DTM to create a water surface, detailing the extent of the flood event.  The 1% AEP (1 in 100-year) flood extent across the site is shown in Figure 4‑2.   

Figure 4‑1  Digital Terrain Model of the Site
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	Note: Watercourses – blue polyline
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Figure 4‑2  1% AEP (1 in 100-year) Flood Extent
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	Note: Watercourses – blue polyline
Site – red hatched
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As shown in Figure 4‑2, due to the topography of the area, a small area of the site will be affected by flooding during a 1% AEP flood event.  At CS 6, the model is in bank and therefore the northern area of the site should not be affected by flooding.  At CS 5 the model is slightly out of bank and at CS 4, at the southern part of the site, the model shows increased out of bank flooding.  The maximum water level across the site is 66.74m AOD, with the lowest spot level being approximately 66.39m AOD.  The maximum depths of flooding could therefore be approximately 0.35m.  
The 1% AEP (1 in 100-year) outline derived represents the worst case scenario, as to derive the outline the water levels from the model were projected across the floodplain until the topography of the site is equal to the 1% AEP water level.  In reality there may not be sufficient volume of water to reach these extents. 
Note that, as shown in Figure 4‑1, on the left bank of the Langford Brook, the topography of the site is lower immediately adjacent to the watercourse (blue/green shading), rising gently to an area of higher ground.  It is this area of higher ground which protects the very eastern part of the site, which is lower, from being affected by flooding.

Environment Agency
Following discussions with the Environment Agency, it was considered appropriate to derive the flood outline using the water levels derived running the model with +20% Manning’s ‘n’ values.  Deriving the outline with these slightly higher water levels would incorporate intolerances in the survey data and sensitivity within the model runs.

The flood extent was derived in the same way as outlined above and the final flood outline across the site is illustrated in Figure 4‑3. 

Figure 4‑3  Final 1% AEP (1 in 100-year) Flood Extent
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4.4 Flood Zone of the Proposed Site 
The proposed site at Gavray Drive, Bicester, lies within PPG25 flood risk zones 2 and 3 – medium to high risk.  The area of the site which lies outside of the 1% AEP (1 in 100-year) flood extent is considered to be suitable for most development.  
4.5 Proposed Finished Floor Levels

The Environment Agency recommends that floor levels of all new developments be set a minimum of 600 mm above the 1 in 100-year flood levels.  

The maximum estimated 1 in 100-year water level in the vicinity of the site was 66.74 m AOD.  Floor levels of the proposed development should therefore be constructed at a minimum elevation of 67.34 m AOD.
4.6 Flood Risk Downstream of the Site

At this stage, the exact details of the site drainage are unknown, however it is envisaged that surface water from the development will discharge into the existing public surface water sewers.  It will be necessary to demonstrate that adequate surface water sewers exist and that the surface water runoff from the development site will be no more than existing runoff.  
4.7 Dry Access

The Environment Agency states that during times of flooding in a 1% AEP (1 in 100-year) flood event, a dry means of access must be available to the site.  A dry means of access would be available to the site from all main access roads, particularly the A4421.

4.8 Climate Change

PPG25 states that ‘… best estimates, based on the most up-to-date findings, should also be made of climate change impact on probabilities.  The assessment should ensure that the development meets an acceptable standard of flood defence for the design life of a development.’

The HEC-RAS model developed by JBA was run with a 20% increase n flow, to assess the affect of climate change.  Discussion and model results for this are shown in section 3.9.
	5 floodplain compensation



5.1 General
Part of the proposed development site lies within the flood outline and it is proposed to rationalise the floodplain on the site rather than have a layout that fits around the existing floodplain outline.  In order to undertake this, floodplain compensation calculations have been carried out to ensure that the new development does not reduce the floodplain capacity.

An extract of the proposed development plans are illustrated in Figure 5‑1, with the full plan being shown in Appendix A.  The area of land to be raised is 0.5 hectares and the land available for compensation is 0.9 hectares.     

Figure 5‑1  Site Development Proposals
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	Hatched dark blue area – 1% AEP Flood Outline

Cyan & Magenta hatching – Primary School & Local Facilities – area which lies within the flood outline and therefore will require floodplain compensation.


The floodplain compensation calculations have been undertaken by spreadsheet calculations.  Using Vertical Mapper (VM), the ground levels within the area to be raised were extracted to determine the depths of flooding.  All depths within the area, apart from two small areas illustrated in Figure 5‑2, were lower than 300mm and therefore it was considered necessary to compensate in one band only and provide a like for like compensation.
Figure 5‑2  Depths of Flooding
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	Black outline – Area to be filled and will therefore require floodplain compensation 
Red areas within the site – areas where depths are greater than 300mm


The volume was derived by using the cell size of the grid of 2.5m.  The total volume within the area to be developed was calculated to be 673.40m3, for the derived flood outline.

It was considered feasible to use only 0.4 hectares (hatched area on Figure 5‑1) of the available land for compensation, the area immediately adjacent to the Langford Brook.  Using the methodology outlined above, grounds levels within this compensation area were extracted.  To provide sufficient compensation it is considered necessary to lower the ground levels to a constant level of 66.6m AOD.  

By lowering the area to a level of 66.6m AOD this will provide a storage capacity of 742.2m3, which is sufficient to compensate for the area being raised and will slightly increase the floodplain volume.  
	6 conclusions and recommendations



6.1 Conclusions
JBA were appointed by Gallagher Estates in June 2004, to undertake a Flood Risk Assessment for a proposed site at Gavray Drive, Bicester.  The existing site is open fields.

The study has considered flooding from the Langford Brook, which flows through the centre of the site.  This Flood Risk Assessment and this report follow the relevant sections of the guidelines in Appendix F of PPG25 – Planning Guidance Development and Flood Risk.
The Environment Agency’s 2004 Flood Zone Maps which were obtained from the local council were initially used to determine the flood risk to the site.  

JBA commissioned K.V. Surveys of Malvern to undertake a topographical survey of the watercourse.  This survey provided information on the shape of the channel and the dimension of any structures found along the watercourse, and was undertaken in June 2004.

Flows for input in the model were obtained using the FEH Rainfall-Runoff methodology.  The 1% AEP flow was estimated to be 7.5m3/s, and the +20% increase in flow, to take into account the possible effects of climate change, was taken to be 9.0m3/s.
A steady state HEC-RAS model was developed using the new topographic survey, with the cross sections adjacent to the site being extended across the floodplain using the land survey provided to JBA by the Client.
A DTM of the site was created using the land survey, from which the 1% AEP (1 in 100-year) flood extent was derived.  Following discussions with the Environment Agency it was considered appropriate to derive the flood outline using the water levels when the model was ran with a 20% increase in Manning’s ‘n’ values.  This would to take into account any intolerance in the survey data and sensitivity of the model runs.  The model results indicated that an area of the site would be at risk from flooding with all but a small area of the site experiencing depths of flooding less than 300mm.

The proposed site at Gavray Drive, Bicester lies within PPG25 flood risk zones 2 and 3 – medium to high risk.  The area of the site which lies outside of the 1% AEP (1 in 100-year) flood extent is considered to be suitable for most development.  

The Environment Agency states that during times of flooding in a 1% AEP (1 in 100-year) flood event, a dry means of access must be available to the site.  A dry means of access would be available to the site from all main access roads, particularly the A4421.

6.2 Recommendations

The Environment Agency recommends that floor levels of all new developments be set a minimum of 600 mm above the 1 in 100-year flood levels.  The estimated 1 in 100-year water level in the vicinity of the site was 66.74 m AOD.  Floor levels of the proposed development should therefore be constructed at a minimum elevation of 67.34 m AOD.
Floodplain rationalisation has been considered and it is proposed to rationalise the floodplain on the site rather than have a layout that fits around the existing floodplain outline.    
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Proposed Site





Langford Brook





Area of site to be raised





Area to be lowered for compensation
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