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3 HYDROLOGICAL ASSESSMENT 

Design flood flows for the River Bure and its tributaries were estimated using Flood Estimation 

Handbook Statistical method, including the permeable catchment adjustment procedure, due to 

the nature of the catchment. The Revitalised Rainfall Runoff Method (ReFH) and the Institute of 

Hydrology 124 (IoH 124) methods were considered for use but were deemed unsuitable. The 

ReFH method was deemed inappropriate as its application in permeable catchments is not 

recommended and the EA Flood Estimation Guidelines “advise users to avoid IoH124 for flood 

estimation on most small catchments.”  

Prior to undertaking the flow estimation, FEH catchment descriptors were checked against 

available information. The catchments of the tributaries are too small to enable separate flow 

estimates to be undertaken. Therefore, for consistency the flow estimates were undertaken for 

the River Bure catchment at the downstream point of interest and these flows were proportioned 

by catchment area to obtain the estimates at the other required locations. 

3.1 The FEH Statistical Method 

The FEH Statistical method bases the estimation of future flood events on trends in historical 

flood flow data (AMAX) from a single gauged site or a group of gauged catchments (a pooling 

group analysis). The generation of peak flow estimates is a two-stage process. 

3.1.1 Estimation of the Index Flood (QMED) 

QMED, the median annual flood flow (the index flood event) is estimated where possible using 

gauged AMAX data recorded on the subject watercourse at the location of interest. In ungauged 

catchments an empirical equation that includes a number of ‘catchment descriptors’, such as 

area and soil type, is used and ideally, an adjustment is made based on flow data from a local, 

hydrologically similar ‘donor’ catchment.  

Catchment descriptors for the River Bure catchment to the downstream extents of the model, 

the A4095, were exported from the FEH CD-ROM v3 and are presented in Table 3-1. 

 Table 3-1 River Bure catchment descriptors  

Descriptor  Value 

AREA Catchment Area (km
2
) 10.48 

FARL Index of the influence of reservoirs and lakes 0.974 

PROPWET Index of the proportion of time that soils are wet 0.32 

BFIHOST Base flow index 0.857 

SPRHOST Soil index of the percentage runoff 13.1 

DPLBAR Index describing catchment size and drainage path configuration (km) 2.8 

DPSBAR Index of catchment steepness (m/km) 16.8 

SAAR Standard Average Annual Rainfall (mm) 647 

URBEXT2000 Index of catchment urbanisation 0.0078 

 

Local gauges were assessed for their suitability for use in the adjustment of QMED, however 

none were deemed suitable donors due to the low SPRHOST values observed at the site. In the 
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absence of suitable recorded data on the River Bure and neighbouring catchments QMED was 

estimated to equal 0.33 m
3
/s, using the catchment descriptor equation with an adjustment for 

urbanisation.  

3.1.2 Determination of Flood Growth Curve 

The second stage of the method involves the determination of a flood growth curve, a statistical 

relationship between the relative magnitudes of high return period flood events and QMED.  

The WINFAP-FEH v3.0.003 software package with HIFLOWS v3.02 data was used to 

determine the flood growth curve. The software enables the ‘pooling’ and analysis of data from 

hydrologically similar catchments to produce a flood growth curve based on a weighted average 

of the individual growth curves from the AMAX records at each of the pooled gauging stations.   

A pooling group was compiled at the site, with a target return period of 100 years. The pooled 

growth curve was fitted using a Generalised Logistic distribution, and was considered 

statistically “strongly heterogeneous”. A review of the pooling group was undertaken and sites 

203046, 32029, 25011, 22003, 27010 were removed from the group due to hydrological 

dissimilarities between the catchments draining to these gauges and the subject site.  Stations 

50009 and 36009 were also investigated as they are outliers on the L-moment graphs but no 

reason was established to justify their removal. In order to retain the required number of station 

years within the pooling group two stations 27073 and 48004, were added, The resultant growth 

factors and peak flow estimates are presented in Table 3-2 below. 

 Table 3-2 Peak flow estimates for design flood events at site 

Return Period 

(Annual Occurrence 

Probability) 

Growth Factors Peak flows for design 

events 

(m
3
/s) 

1 in 2 year (50%) 1 0.33 

1 in 20 year (5%) 1.96 0.65 

1 in 50 year (2%) 2.58 0.85 

1 in 100 year (1%) 3.22 1.06 

1 in 100 year plus climate change - 1.27 

1 in 1000 year (0.1%) 7.04 2.32 

 

A 20% allowance for climate change was added to the 1 in 100 year flow estimate, in 

accordance with the PPS25 and the standard design life estimates for residential property. 

As hydraulic modelling required full flow hydrographs, rather than peak flow estimates, 

hydrographs were developed using the ReFH modelling software and the peaks of the 

hydrographs were scaled to the FEH Statistical flows presented in Table 3-2. 

3.2 Adjustments to Hydrology 

As part of the hydraulic model build, information was requested from the Environment Agency’s 

River Bure model to inform the downstream boundary condition for the Bicester eco 

development model.  The Environment Agency supplied stage and flow hydrographs for nodes 

at the A4095 road bridge, and peak stage and flow values for the node located closest to the 

chosen downstream boundary point of the Bicester eco development model. 
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When this information was received, it was noted that the peak flows in the EA’s River Bure 

model were significantly higher than those calculated in the hydrological assessment in Section 

3.2.1 above.  A comparison of the EA’s River Bure flows at the downstream boundary with the 

hydrology calculated in Section 3.2.1 is shown in Table 3-3 below, for a range of events. 

 Table 3-3 Comparison of calculated flows with EA River Bure model flows 

Return Period Hydrological 

Assessment 

EA River Bure model 

Node BU.3056 

Percentage 

increase 

20-year 0.65 2.45 377% 

50-year 0.85 2.75 324% 

100-year 1.06 3.03 286% 

100-year plus climate change 1.27 3.43 271% 

1000-year 2.32 4.41 190% 

 

It was determined that the EA had conducted significant temporary gauging in the catchment 

and used this data in calculating the hydrology for the River Bure model.  The gauging data and 

River Bure hydrology report could not be provided in the timescale available for the NW Bicester 

eco development modelling, and therefore it was not possible to use the gauged information to 

inform the hydrological assessment.   

For this reason, it was decided to use the peak flows supplied from the River Bure model in the 

Bicester eco development model, as the additional gauging undertaken means that the River 

Bure model flows are likely to be more accurate.  This is particularly important given that the 

assessed hydrology was significantly lower than the River Bure model flows, which could lead to 

underestimation of the flood risk to the site.   

The shapes of the hydrographs used in the modelling were calculated by using the same ReFH 

hydrograph used for the hydrological assessment and scaling it to the new peak flows.  The final 

hydrographs are shown in Figure 2 below. 

 

Figure 2 – Final total hydrographs 
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The hydrographs were then scaled by the same factors used in the hydrological assessment to 

divide the single flow for the River Bure into three flows for the Bure and its two tributaries.  

Baseflows of 0.15 cumecs were used for each tributary.  The final 100-year flows for each 

tributary are shown in Figure 3 overleaf. 

 

Figure 3 – 100-year flows for each watercourse 
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4 MODEL BUILD 

4.1 Approach 

An unsteady state 1D ISIS model of the River Bure and associated tributaries and floodplains 

was constructed. 

4.1.1 Software 

ISIS river modelling software (version 3.3.0.88) was used to construct the model. 

4.2 Model Conceptualisation 

4.2.1 Model Extents 

The model contains three watercourses and a lake outflow as detailed in Table 4-1 and shown 

in Figure 4 overleaf.  

Table 4-1 Watercourses contained in model 

Watercourse Name in model Length of reach (m) 
Upstream 

extent (NGR) 

Downstream 

extent (NGR) 

River Bure 

Tributary 3 (T3) down 

to confluence with 

Tributary 2 (T2) down 

to confluence with 

Tributary 1 (T1) to 

downstream extent of 

model 

1952 458174, 225414 457695, 223804 

Tributary 1 Tributary 1 (T1) 
2588 

(to confluence with T2) 
455409, 224548 457606, 224230 

Tributary 2 Tributary 2 (T2) 
1510 

(to confluence with T3) 
456707, 225662 457979, 224508 

Lake outflow Tributary 4 (T4) 

260 

(to culverted 

confluence with T3) 

458207, 225342 458100, 225070 
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Figure 4 - Modelled Watercourses 

4.2.2 Model Boundaries 

The upstream boundaries for the ISIS model of the River Bure and tributaries were defined as 

QT boundaries.  Inflow hydrographs for each design event were input at the upstream extents of 

the River Bure and its two tributaries.  Table 4-2 below provides a summary of the different 

scenarios that were simulated in order to assess the existing and future flood risk on the 

proposed development site.  Figure 5 overleaf shows the locations of the model boundaries. 

 Table 4-2 Modelled Scenarios 

Scenario Return period 
Upstream boundary 

conditions 

Downstream boundary 

condition 

1:20 1 in 20 year 

T1 – 0.652 m³/s 

T2 – 0.444 m³/s
 

T3 – 1.355 m³/s 

77.12m 

1:100 1 in 100 year 

T1 – 0.942 m³/s 

T2 – 0.641 m³/s
 

T3 – 1.958 m³/s 

77.21m 

1:100+20% 
1 in 100 year with climate 

change (20%) 

T1 – 1.130 m³/s 

T2 – 0.769 m³/s 

T3 – 2.350 m³/s 

77.25m 
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1:1000 1 in 1000 year 

T1 – 1.701 m³/s 

T2 – 1.157 m³/s 

T3 – 3.535 m³/s 

77.37m 

 

The downstream boundary condition was taken from node BU.3056 of the Environment Agency 

hydraulic model developed for the River Bure through Bicester.  

 

Figure 5 – Model Boundary Locations 

4.2.3 Data Input 

The majority of the cross-section data in the model was generated from two cross-section 

surveys.  The majority of the model was informed by Hyder’s in-house surveyors, who also 

conducted a topographical survey of the Exemplar site and survey information necessary to 

model the connection between the River Bure and the lake at Caversfield House (discussed in 

Section 3.3.3 below).  Additional survey was collected by Maltbys Land Surveyors to 

supplement the existing survey information. In particular extra information was gathered at the 

confluences of the watercourses and at the pond outflow (named as T4). 

4.2.4 Model Construction 

Baseline Geometry 

Open channel sections were represented using ISIS River Nodes; sections were truncated if 

necessary to ensure that floodplain was predominantly represented in the 2D domain.  
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Interpolated cross sections were added as required to improve definition of the river channel 

profile and to improve stability in areas where significant backwater effects were observed. 

When the model was run, a number of sections were shown to be ‘glass-walling’, with modelled 

water levels higher than the highest ground level in the section.  In some cases, the existing 

Hyder topographical survey was used to extend these sections across the floodplain.  However, 

this information did not cover the full extent of the modelled watercourses.  To extend the 

remaining sections, additional topographical information was required. 

It was also identified after the initial runs that the lake at Caversfield House was connected to 

the River Bure at its upstream end, allowing flow along the lake to its culverted outlet.  To model 

this flow path and the interaction between the lake and the River Bure, it was decided to model 

the lake using cross-sections.  As survey data was not available for the lake, one LiDAR tile was 

purchased to aid in creating the lake sections and extending the River Bure sections in the area.  

The base level of the lake sections was taken from points on the survey of the River Bure that 

showed the left bank of the lake.    

For any remaining glass-walling sections that weren’t covered by either the site topographical 

survey or the LiDAR, a 5 m DTM was used to extend sections.  As this was the least accurate of 

all the topographical information available, it was only used where other more accurate 

information could not be obtained. 

4.2.5 Structures 

The baseline model incorporates a number of structures that have been modelled using the 

survey data provided. The structures are listed in  Table 4-3. 

 Table 4-3 Structures in model 

ISIS node Structure ISIS unit 

T1-2723 Small field ditch culvert Symmetrical conduit 

T1-2391 Inline pond outflow Symmetrical conduit 

T1-2064 Small field ditch culvert Symmetrical conduit 

T1-1564 Railway culvert Symmetrical conduit 

T1-1300 Road culvert Arch bridge 

T1-1051 Small field ditch culvert Symmetrical conduit 

T1-0452 Small footbridge Orifice 

T1-0427 Bridge under track Arch bridge 

T1-0416 Bridge under road Symmetrical conduit 

T2-1461 Small field ditch culvert Symmetrical conduit 

T2-0779 Small field ditch culvert Orifice 

T3-0741 Small footbridge Orifice 

T3-0637 Small culvert Orifice 

T3-0356 Permanent sluice board (see below) Spill 

T3-0355 Penstock (see below) Vertical sluice 

T3-0354 Road culvert Symmetrical conduit 
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T3-0301 Road culvert Symmetrical conduit 

T3-0256 Small footbridge USBPR bridge 

T3-0176 Small bridge USBPR bridge 

T3-0157 Small bridge USBPR bridge 

T4-pondweir Lake inflow from T3-0687 Orifice 

T4-0025 Lake outflow culvert Orifice 

T4-0019 
Small arched gap in wall over outflow 

channel 
Arch bridge 

T4-0015 Road culvert Symmetrical conduit 

 

In general the ISIS node used has matched the type of structure found in the study area. 

However, orifice units were used where model stability was compromised by using a bridge or 

culvert. This usually occurs when these units are surcharged as they do not handle the 

transition between normal and orifice flow very well and can cause model instability. 

A number of culverts in the model use the symmetrical conduit unit with a thin ‘hat’ on the unit. 

This is because ISIS does not solve pressurised flow very well and therefore by using a small 

‘hat’ the open channel equations are still used without a significant loss of accuracy in 

calculating water levels.  

Flows into and out of these culverts are modelled using spill units rather than culvert inlet/outlets 

as these units are coming under increasing critique as was highlighted at the ISIS user group in 

November 2009. In Bicester most of the culverted sections are small and are part of the field 

ditch system. The culvert inlet/outlet units have been designed with larger culverts in mind and 

therefore using spill units is the methodology that has been followed here. 

A full model schematic has been supplied in electronic format with the ISIS model. 

T3-356  

The series of structures just upstream of the face of the B4100 road culvert is particularly 

complex. The model was informed by the survey information and from talking to the surveyors 

who undertook the work. Photographs from the surveys are shown in Figure 6. 
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Figure 6 – Photographs of the structures at T3-356 

The first structure is a wooden board which has been placed in the channel and allows no water 

to pass under it, causing water to weir over the top of it to flow “through” the structure. After 

speaking with the surveyors they suggest the channel is likely to be ephemeral at this location. 

This structure was modelled as a spill with a coefficient of 1.2 in the ISIS model. 

Water that flows over this structure enters a sump 1.37 m below the crest of the board. The 

water then flows through a penstock gate, which is open and then into another sump.  Water 

then enters the road culvert, which is set 0.41 m above the base of the sump.  This culvert 

extends for approximately 35 m before issuing at T3-314.  

The first sump was modelled by repeating the section at the upstream face of the penstock, 

which was then linked to a vertical sluice unit with the weir information taken from the long 

section. The breadth of the weir was altered to ensure that the bore area was correct. The 

second sump was modelled using two river units with the geometry provided by the surveyors 

for the immediate downstream face of the penstock. However, the second section was raised to 

the bed level at the face of the road culvert as informed by the long section. The culvert was 

modelled using the spill and symmetrical conduit schematisation as described above. 

During model runs, adjustments to this schematisation were required to deal with poor 

convergence in the model.  These adjustments consisted of changing the bed levels of culvert 

sections T3-0335ca, T3-0335cb and T4-0000 to flatten the slopes of these culverts, and the 

addition of a spill at T3-0335ca to deal with the drop in bed level.  The ‘hats’ on these culverts 

were also removed.  These changes stabilised the model and removed the poor convergence. 

A comparison of the long section at this location in ISIS and from the survey is shown in Figure 

7. 
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Figure 7 – The surveyed (top) and ISIS long sections at this location. Please note that the spill and vertical 

sluice gate information is not shown in the ISIS output. 
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T1/T2 Confluence 

The confluence between T1 and T2 is another unusual configuration. The two watercourses 

flow towards each other and then at the confluence, the combined watercourse flows at ninety 

degrees through a culvert (see Figure 8). The watercourse then reverts to open channel before 

entering a second culvert under the road. 

At the actual confluence the bridge unit (T1-0427a) was informed from the survey. Then 1 m 

back from this the same channel profile was used but with only the bed (25.714 LHB to 36.601 

RHB) and not any of the banks. For each watercourse, the upstream section (T1-0450b and T2-

0055) was copied to become the most downstream section before the confluence but the bed 

levels were dropped to the same level as at the points mentioned above (25.714 for T1 and 

36.601 for T2) on the long section through the confluence provided by the surveyors. The 

sections were altered to include the wall on the relative bank. These channel profiles were 

copied into spill units and linked to the confluence section with the spill unit using a junction. 

This was because without a spill unrealistic water level profiles were obtained upstream of the 

confluence. The spill unit had a value of 1.5 to help model some of the energy losses that will 

occur at this location. 

This schematisation was seen as the best that could be achieved given the information 

obtained. However, it is possible that the energy losses are not fully accounted for but there was 

no information available for an additional general loss unit to be used.  

Figure 8 – The confluence between T1 and T2 
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4.2.6 Manning’s Roughness Coefficients 

The resistance to flow in a channel or over a floodplain is defined in a hydraulic model by the 

use of a roughness coefficient, Manning’s number, otherwise known as Manning’s ‘n’. The 

Manning’s ‘n’ range of values used in the model, as outlined in Table 4-4, were based on site 

visit observations and published values (Chow, 1959). 

Table 4-4 Adopted Range of Manning’s ‘n’ coefficients 

Location Manning’s ‘n’ Type of Channel / Floodplain and Description 

Channel  Min 0.04 Clean, winding, some pools and shoals with some weeds 

and stones. 

Max 0.05 Winding, some pools and shoals, lower stages, more 

ineffective slopes and sections with weeds and stones. 

Floodplain Min 0.02 Concrete or tarmac. 

Max 0.07 Medium to dense brush in winter. 

 

4.3 Model Runs 

For all model runs, a time step of 1 second was used. Design hydrograph simulations were run 

for 50 hours.  Most run parameters have not been altered from the default values.  Parameter 

dflood has been raised as several sections in the model around the confluence with T1 and T2 

have low bed levels and therefore can end up with very high water levels.  Raising dflood 

prevents this from causing a problem during the model runs.  The parameter maxitr has also 

been raised to aid model stability. 

The model runs carried out as part of this study are listed below. 

� 20-year; 

� 100-year; 

� 100-year with 20% climate change; and 

� 1000-year. 

4.4 Model Calibration 

Unfortunately no recorded water level or flow data was available at the site and therefore model 

calibration was not possible.  To gain further confidence in the model, sensitivity analysis was 

undertaken as detailed in Section 4.5. 

4.5 Sensitivity Testing 

Model sensitivity tests are undertaken to determine the level of uncertainty in the predicted 

water levels associated with key model parameters.  For consistency, all sensitivity tests have 

been carried out using the 1 in 100 year flow. The following tests were undertaken: 

� Manning’s ‘n’ values increased by 20% 

� Manning’s ‘n’ values decreased by 20% 

� Downstream boundary increased by 0.5m 
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� Spill coefficients increased by 20% 

� Spill coefficients decreased by 20% 

 

4.6 Post-Development Model 

The proposed development for the Exemplar Site includes the removal of an existing bridge 

structure at T2-0779a, the addition of two large bridge structures where new roads cross the 

watercourse, and reshaping of the watercourse floodplain.  Figure 9 below shows the proposed 

development with these changes highlighted.  Post-development modelling was undertaken to 

determine the impact of the proposed development on flooding in the area. 

 

Figure 9 – Proposed development changes 

To model the changes in floodplain topography and the two bridge structures, additional cross-

sections were required as shown in red on Figure 10 overleaf. 

New contours 

Structure removed 

Upstream bridge 

Downstream bridge 
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Figure 10 – New cross-sections for model 

In order to allow comparison of levels and velocities with the baseline model, the baseline model 

was re-run for the 100-year with climate change and the 1000-year flood events to include new 

sections at the locations shown in Figure 10 above.  For the baseline model, these sections 

were interpolated from topographical survey taken of the area. 

Figure 11 below and Figure 12 overleaf show the proposed design for the two span bridges.  

These bridges were represented in the model using arch conduit units, with spill units used 

instead of culvert inlet units.   

 

Figure 11 – Proposed upstream span bridge 
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Figure 12 – Proposed downstream span bridge 
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5 MODEL RESULTS 

5.1 Results 

Modelled water levels and flows for the ISIS model nodes are summarised in Appendix A.  

Appendix B contains figures which illustrate the flood extents and depths for each of the four 

design events.   

Figure 13 below shows the development site with the modelled baseline 100-year and 1000-

year extents (i.e. Flood Zones 2 and 3), shown in dark blue and light blue respectively. 

 

Figure 13 - Modelled Flood Risk to Site 

5.2 Discussion of Results 

The flood extents shown Appendix B and in Figure 13 above show the baseline flood risk to the 

development site from the River Bure and its tributaries.  The extents show that the majority of 

the proposed development site, including all the buildings, is in Flood Zone 1 with a low risk of 

flooding (greater than 1 in 1000 years).  There are small areas of Flood Zones 2 and 3 around 

the watercourses  

The model predicts that floodwater is generally confined to the valleys in which the 

watercourses flow, with ponding occurring at confluences and upstream of constricting 
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structures.  The model does not predict any overland flow occurring.  On the Exemplar site, 

flooding occurs predominantly on the flatter land around the confluence between the River Bure 

and the northernmost of the two tributaries (T3).  Away from the confluence, flooding is confined 

to the relatively narrow valley of the watercourse. 

Table 5-1 below shows the modelled peak water levels through the development site for each 

return period.  Cross-section locations are shown on Figure D2 in Appendix B. 

Table 5-1 Development Site Modelled Peak Water Levels 

Node Label 20-year 100-year 
100-year with 

climate change 
1000-year 

T2-0952 84.64 84.67 84.68 84.70 

T2-0779a 83.27 83.34 83.38 83.49 

T2-0777b 83.27 83.34 83.38 83.49 

T2-0756a 83.26 83.34 83.38 83.49 

T2-0756b 83.26 83.34 83.38 83.49 

T2-0636 82.67 82.77 82.81 82.91 

T3-0157a 83.45 83.54 83.59 83.71 

T3-0152b 83.45 83.54 83.59 83.71 

T3-0011 83.26 83.34 83.38 83.49 

 

5.3 Sensitivity Test Results 

As discussed in Section 4.5, the following sensitivity tests have been run using the 100-year 

design event. 

� Manning’s ‘n’ values increased by 20% 

� Manning’s ‘n’ values decreased by 20% 

� Downstream boundary increased by 0.5m 

� Spill coefficients increased by 20% 

� Spill coefficients decreased by 20% 

Table 5-2 overleaf summarises the ISIS results for the sensitivity tests, showing the average, 

minimum and maximum changes in modelled water level for the whole model, while Table 5-3 

shows the values for the reach through the development site.   
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Table 5-2 Sensitivity Test Results Summary – Whole model 

Sensitivity Test Maximum Minimum Average 

Manning’s n values increased by 20% 0.08 0.00 0.03 

Manning’s n values decreased by 20% 0.00 -0.10 -0.03 

Downstream boundary raised 0.5m 0.50 0.00 0.01 

Spill coefficients increased by 20% 0.01 -0.07 -0.01 

Spill coefficients decreased by 20% 0.12 -0.02 0.02 

 

Table 5-3 Sensitivity Test Results Summary – Development Reach 

Sensitivity Test Maximum Minimum Average 

Manning’s n values increased by 20% 0.06 0.00 0.03 

Manning’s n values decreased by 20% -0.02 -0.07 -0.06 

Downstream boundary raised 0.5m 0.00 0.00 0.00 

Spill coefficients increased by 20% 0.00 -0.01 0.00 

Spill coefficients decreased by 20% 0.00 -0.01 0.00 

 

5.3.1 Model Parameters 

Changing the spill coefficients in the model made virtually no difference to modelled water levels 

across the development site.  Across the whole model, changing the spill coefficients did cause 

changes in modelled water level, particularly in the area around the confluence of T1 and T2, 

with changes of +/- 70mm to 120mm in this area.  This indicates that in general the model is not 

particularly sensitive to spill coefficients, with the exception of the T1/T2 confluence. 

Increasing Manning’s ‘n’ values also made little difference to modelled water levels, with a 

maximum increase of approximately 80mm over the whole model, and 60mm across the 

development site.  Decreasing Manning’s ‘n’ values gives slightly greater changes in modelled 

water levels, with a maximum increase of 100mm at one section only.  Based on these results, 

the model is not considered to be overly sensitive to changes in Manning’s ‘n’ values. 

The results of the sensitivity tests to Manning’s ‘n’ and spill coefficients show that the model is 

not very sensitive to changes in these parameters.   

5.3.2 Downstream Boundary 

Increasing the downstream boundary level by 0.5m caused an increase in water level at the 

downstream-most section of the model, but no significant changes in modelled water level 

elsewhere in the model.  The small reach of the model affected by the change indicates that the 

model is not overly sensitive to changes in downstream boundary. 

5.4 Post-Development Modelling 

Adding section to the baseline model caused some minor changes to the modelled flood extents 

for the 100-year with climate change and the 1000-year events, particularly in the upstream 
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reach of the tributary.  This is shown in Figure 14 for the 1000-year event, where the previous 

extent is shown in black and the revised extent in blue.   

 

Figure 14 – Differences in baseline extent 

Figure 15 overleaf shows the change in flood extent caused by the proposed development for 

the 1000-year flood event, where the revised baseline is shown in blue and the post-

development extent in black. 
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Figure 15 – Post-development extent comparison 

This shows that around the proposed bridge on the tributary, the contouring and bridge 

structure have little impact on the modelled flood extents.  At the confluence with the River Bure, 

the re-contouring has reduced the flood extent on the western side of the confluence, removing 

the area of flooding that had impacted on gardens and roads in the proposed development.  

Downstream of this area, the landscaping associated with the second bridge has decreased the 

flood extent on the right bank of the River Bure and increased the flood extent on the left bank 

of the River Bure upstream of the bridge.  This also does not threaten the proposed 

development. 

A comparison of modelled flood levels through the development site is shown overleaf in Table 

5-4, with the upstream bridge (T2-0887) and downstream bridge (T2-0636) sections highlighted.  

These results show that modelled water levels through the reach are generally lower, with small 

increases of 40mm to 50mm immediately upstream of the downstream bridge (T2-0636).  This 

indicates that the combination of this bridge and the re-profiling of the floodplain in this area has 

very little impact on modelled peak water levels. 
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Table 5-4 Post Development Modelled Water Levels Summary – Development Reach 

Label 

100-year with Climate Change 1000-year 

Baseline 
Post 

Development 
Difference Baseline 

Post 

Development 
Difference 

T2-0952 84.66 84.66 0.00 84.69 84.70 0.01 

T2-0902 83.97 83.97 0.00 84.03 84.03 0.00 

T2-0887 83.88 83.88 0.00 83.94 83.96 0.02 

T2-0887d 83.78 83.78 0.00 83.84 83.84 0.00 

T2-0872 83.67 83.68 0.01 83.74 83.74 0.00 

T2-0827 83.42 83.40 -0.01 83.49 83.46 -0.02 

T2-0777b 83.34 83.29 -0.04 83.43 83.38 -0.05 

T2-0756a 83.33 83.28 -0.05 83.42 83.37 -0.05 

T2-0756b 83.33 83.28 -0.05 83.42 83.37 -0.05 

T2-0686 83.05 83.05 0.00 83.16 83.18 0.01 

T2-0656 82.94 82.97 0.02 83.05 83.10 0.05 

T2-0636 82.88 82.91 0.03 83.00 83.04 0.04 

T2-0636d 82.81 82.80 -0.01 82.92 82.92 0.00 

T2-0611 82.65 82.65 0.00 82.75 82.75 0.00 

T2-0462 81.60 81.60 0.00 81.69 81.69 0.00 

 

Table 5-5 below shows a comparison of velocities through the development reach.  This shows 

little to no increase in modelled velocities through the development reach, with a maximum 

increase in the 1000-year event of 0.09 m/s.   

Table 5-5 Post Development Modelled Velocities Summary – Development Reach 

Label 

100-year with Climate Change 1000-year 

Baseline 
Post 

Development 
Difference Baseline 

Post 

Development 
Difference 

T2-0952 0.71 0.70 0.00 0.79 0.76 -0.03 

T2-0902 0.92 0.98 0.07 0.96 1.00 0.04 

T2-0887 0.51 0.53 0.02 0.52 0.56 0.04 

T2-0887d 0.99 1.05 0.06 0.99 1.05 0.06 

T2-0872 0.68 0.72 0.04 0.72 0.71 -0.01 

T2-0827 0.51 0.55 0.03 0.52 0.56 0.04 

T2-0777b 0.65 0.66 0.00 0.65 0.69 0.04 

T2-0756a 0.30 0.30 0.00 0.30 0.31 0.02 

T2-0756b 0.73 0.64 -0.09 0.73 0.82 0.09 

T2-0686 0.76 0.31 -0.45 0.80 0.33 -0.48 

T2-0656 0.67 0.65 -0.03 0.69 0.65 -0.04 

T2-0636 0.67 0.64 -0.04 0.68 0.73 0.05 

T2-0636d 1.00 1.02 0.02 1.00 1.02 0.02 

T2-0611 0.90 0.91 0.01 1.03 1.03 0.01 

T2-0462 1.28 1.28 0.00 1.28 1.28 0.00 
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The proposed development causes no significant change in flood extents, levels or velocities 

downstream of the development site. 

5.5 Stability and Convergence 

A check of the convergence plots for each design run shows that the 20-year, 100-year and 

100-year plus climate change runs all show poor convergence at the same points in the flow 

hydrograph, as shown in Figure 16, Figure 17, and Figure 18 below and overleaf. 

 

Figure 16 – 20-year convergence plot 

 

Figure 17 – 100-year convergence plot 
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Figure 18 – 100-year with climate change convergence plot 

This poor convergence is occurring around the structure at T4-0025, and appears to occur when 

the water level downstream of the structure reaches the upstream sill level of the orifice 

representing the structure.  The model seems to be having difficulty with the transition from free 

flow to orifice flow, as shown by the instability in the unit mode plot in Figure 19.  Mode 2 is free 

flow, while Model 4 is orifice flow. 

 

Figure 19 – 20-year unit mode plot for T4-0025 

A check of the stage and flow results downstream of this structure (see Figure 20) show that 

there is instability in the flow hydrograph (red) through this structure, but it has a much smaller 

impact on the stage hydrograph (blue).  As the instability generally occurs before and after the 

peak of the flow hydrograph, and is located upstream of the Exemplar site and outside of the 
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total eco development site, it is not considered to have a significant impact on the results of the 

hydraulic modelling and the resultant FRA conclusions. 

 

Figure 20 – Modelled stage and flow at section T4-0020 

The 1000-year convergence plot is shown in Figure 21.  This run has the same poor 

convergence as described above, and also shows some poor convergence based around the 

structure at T3-0265.  This appears to occur at the point at which the downstream water level 

nears the soffit of the structure. 

 

Figure 21 - 1000-year convergence plot 

This instability impacts on both the stage and flow hydrographs, but does not appear to impact 

on peak levels and flows significantly.  It is not considered to have a significant impact on the 

results of the hydraulic modelling and the resultant FRA conclusions.  
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6 MODEL LIMITATIONS 

6.1 General 

The hydraulic model has been constructed using the best available data, and from a range of 

sources.  Whilst some checks have been made to confirm the suitability of the data, Hyder 

Consulting cannot be held responsible for errors in third party works. 

The model is considered to be a best representation of reality within the current constraints of 

modelling; accuracy is inherently related to the quality and extent of data available. 

6.2 Hydrology 

There is insufficient hydrometric data available to enable validation or calibration of the model.  

Therefore, there is a degree of uncertainty associated with the fluvial flow estimates used in this 

modelling study. 
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7 CONCLUSIONS 

� A 1D hydraulic model of the River Bure and its tributaries was constructed using ISIS; 

� Design events for the 1000-year, 100-year, 100-year (climate change), and 20-year 

were run and flood depths mapped to quantify baseline flood risk from the River Bure 

and tributaries; 

� The results of these runs show that the development site is predominantly in Flood 

Zone 1, with small areas of Flood Zones 2 and 3 around confluences of watercourses 

and upstream of restrictive structures;  

� Sensitivity testing has shown that the model is not overly sensitive to changes in model 

coefficients or downstream boundary levels; 

� Post-development modelling has shown that the proposed development changes flood 

extents through the development site to reduce the impact on the development, without 

causing impacting flood extents off-site;   

� The new bridge structures does not cause any significant increases in velocities through 

the development reach; 

� The findings of the study are subject to the limitations discussed in section 5.4.  
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Appendix A 

 

Model Results 
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Stage (mAOD)

Label 20-year 100-year 100-year CC 1000-year

T1-3014 96.631 96.703 96.752 96.873

T1-2723a 93.581 93.611 93.627 93.667

T1-2720b 93.381 93.449 93.467 93.538

T1-2606 92.187 92.281 92.314 92.403

T1-2475 91.118 91.164 91.187 91.255

T1-2391a 91.072 91.092 91.102 91.13

T1-2382b 90.56 90.638 90.684 90.813

T1-2064a 88.47 88.526 88.546 88.596

T1-2059b 88.011 88.14 88.188 88.348

T1-1809 86.79 86.908 86.968 87.098

T1-1564a 85.571 85.739 85.836 86.093

T1-1524b 85.499 85.652 85.74 85.962

T1-1300a 83.446 83.608 83.692 83.965

T1-1295b 83.4 83.513 83.563 83.699

T1-1051a 82.397 82.428 82.444 82.486

T1-1047b 82.314 82.359 82.375 82.426

T1-0851 81.314 81.395 81.44 81.54

T1-0580 79.629 79.743 79.762 79.891

T1-0452a 79.115 79.254 79.395 79.61

T1-0450b 79.006 79.252 79.394 79.61

T1-0426a 78.968 79.251 79.394 79.611

T1-0426b 78.967 79.251 79.394 79.61

T1-0427a 78.96 79.244 79.389 79.609

T1-0421b 78.864 79.047 79.145 79.398

T1-0416a 78.834 79.023 79.125 79.382

T1-0390b 78.655 78.803 78.88 79.054

T1-0238 77.929 78.084 78.162 78.494

T1-0000 77.12 77.21 77.25 77.37

T2-2266 93.751 93.839 93.896 94.009

T2-2029 92.638 92.718 92.746 92.832

T2-1920 91.361 91.426 91.463 91.574

T2-1712 89.896 89.997 90.051 90.165

T2-1461a 88.744 88.776 88.792 88.829

T2-1455b 88.466 88.558 88.601 88.675

T2-1171 86.193 86.285 86.324 86.392

T2-0952 84.638 84.671 84.677 84.702

T2-0779a 83.27 83.341 83.379 83.486

T2-0777b 83.267 83.341 83.379 83.486

T2-0756a 83.259 83.338 83.377 83.485

T2-0756b 83.259 83.338 83.377 83.485

T2-0636 82.673 82.766 82.813 82.911

T2-0462 81.436 81.548 81.596 81.689

T2-0185 79.822 79.874 79.918 80.007

T2-0055 79.081 79.264 79.399 79.613

T2-0000a 78.968 79.251 79.394 79.611

T3-0770 85.978 86.031 86.056 86.126

T3-0741a 85.971 86.02 86.044 86.112



Label 20-year 100-year 100-year CC 1000-year

T3-0737b 85.96 86.008 86.033 86.097

T3-0687 85.948 85.989 86.01 86.063

T3-0687d 85.948 85.989 86.01 86.063

T3-0637a 85.945 85.983 86.002 86.048

T3-0632b 85.944 85.98 85.998 86.04

T3-0533 85.94 85.971 85.984 86.013

T3-0356a 85.935 85.968 85.983 86.016

T3-0356b 85.932 85.965 85.98 86.013

T3-0355a 85.932 85.965 85.98 86.013

T3-0355b 85.804 85.839 85.855 85.889

T3-0354a 85.784 85.82 85.837 85.874

T3-0316b 84.705 84.735 84.768 84.872

T3-0301a 84.701 84.739 84.759 84.811

T3-0270b 84.199 84.389 84.49 84.599

T3-0256a 84.132 84.325 84.425 84.6

T3-0253b 84.036 84.184 84.251 84.453

T3-0176a 83.511 83.608 83.675 83.996

T3-0176b 83.511 83.608 83.659 83.791

T3-0157a 83.45 83.542 83.588 83.712

T3-0152b 83.451 83.543 83.59 83.714

T3-0011 83.259 83.338 83.377 83.485

T4-0260 85.767 85.8 85.819 85.893

T4-0170 85.766 85.799 85.818 85.893

T4-0110 85.764 85.795 85.812 85.881

T4-0060 85.762 85.791 85.806 85.874

T4-0040 85.762 85.791 85.806 85.874

T4-0025a 85.751 85.778 85.793 85.865

T4-0020b 85.708 85.759 85.783 85.858

T4-0019a 85.707 85.757 85.782 85.857

T4-0019b 85.701 85.745 85.765 85.813

T4-0015a 85.684 85.727 85.746 85.794



Flow (m
3
/s)

Label 20-year 100-year 100-year CC 1000-year

T1-3014 0.652 0.942 1.13 1.701

T1-2723a 0.656 0.946 1.13 1.709

T1-2720b 0.656 0.947 1.13 1.709

T1-2606 0.656 0.948 1.13 1.708

T1-2475 0.656 0.947 1.131 1.707

T1-2391a 0.657 0.95 1.133 1.708

T1-2382b 0.657 0.95 1.133 1.708

T1-2064a 0.657 0.95 1.131 1.707

T1-2059b 0.657 0.95 1.131 1.707

T1-1809 0.656 0.95 1.128 1.706

T1-1564a 0.655 0.948 1.126 1.7

T1-1524b 0.655 0.948 1.126 1.7

T1-1300a 0.655 0.947 1.126 1.699

T1-1295b 0.655 0.947 1.126 1.699

T1-1051a 0.655 0.947 1.126 1.7

T1-1047b 0.655 0.947 1.126 1.7

T1-0851 0.656 0.949 1.129 1.703

T1-0580 0.655 0.949 1.129 1.702

T1-0452a 0.655 0.946 1.147 1.71

T1-0450b 0.655 0.946 1.147 1.71

T1-0426a 0.656 1.351 1.209 1.721

T1-0426b 2.453 3.47 4.146 6.321

T1-0427a 2.453 3.47 4.144 6.321

T1-0421b 2.453 3.47 4.144 6.321

T1-0416a 2.452 3.469 4.144 6.321

T1-0390b 2.453 3.469 4.144 6.321

T1-0238 2.452 3.469 4.142 6.334

T1-0000 2.446 3.468 4.145 6.56

T2-2266 0.444 0.641 0.769 1.157

T2-2029 0.444 0.641 0.769 1.157

T2-1920 0.444 0.641 0.769 1.157

T2-1712 0.444 0.641 0.769 1.157

T2-1461a 0.445 0.641 0.77 1.158

T2-1455b 0.445 0.641 0.77 1.158

T2-1171 0.444 0.643 0.769 1.159

T2-0952 0.445 0.643 0.77 1.159

T2-0779a 0.485 0.719 0.787 1.195

T2-0777b 0.485 0.719 0.787 1.195

T2-0756a 0.627 0.733 0.788 1.277

T2-0756b 1.955 2.596 3.109 4.663

T2-0636 1.804 2.717 3.104 4.652

T2-0462 1.805 2.588 3.104 4.65

T2-0185 1.801 2.732 3.105 4.652

T2-0055 1.803 3.246 3.3 4.646

T2-0000a 1.8 2.851 3.074 4.631

T3-0770 1.355 1.958 2.35 3.535

T3-0741a 1.358 1.961 2.376 3.537



Label 20-year 100-year 100-year CC 1000-year

T3-0737b 1.358 1.961 2.376 3.537

T3-0687 1.357 1.961 2.353 3.537

T3-0687d 0.934 1.53 1.919 3.125

T3-0637a 0.934 1.53 1.92 3.124

T3-0632b 0.934 1.53 1.92 3.124

T3-0533 0.935 1.516 1.856 2.761

T3-0356a 0.555 0.565 0.572 0.58

T3-0356b 0.555 0.565 0.572 0.58

T3-0355a 0.555 0.565 0.57 0.58

T3-0355b 0.555 0.565 0.57 0.58

T3-0354a 0.555 0.565 0.569 0.58

T3-0316b 1.359 1.974 2.348 3.518

T3-0301a 1.358 1.972 2.348 3.518

T3-0270b 1.358 1.972 2.348 3.518

T3-0256a 1.357 1.97 2.347 3.519

T3-0253b 1.357 1.97 2.347 3.519

T3-0176a 1.356 1.968 2.346 3.517

T3-0176b 1.356 1.968 2.346 3.517

T3-0157a 1.357 1.978 2.345 3.517

T3-0152b 1.357 1.978 2.345 3.517

T3-0011 1.36 1.964 2.349 3.546

T4-0260 0.433 0.457 0.467 0.488

T4-0170 0.516 0.519 0.555 0.781

T4-0110 0.831 1.451 1.819 2.928

T4-0060 0.845 1.465 1.836 2.946

T4-0040 0.842 1.461 1.826 2.943

T4-0025a 0.807 1.417 1.785 2.939

T4-0020b 0.807 1.417 1.785 2.939

T4-0019a 0.806 1.414 1.783 2.938

T4-0019b 0.806 1.414 1.783 2.938

T4-0015a 0.804 1.41 1.778 2.938
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Appendix F 

 

Drainage Strategy Plans 
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