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1.

Introduction

Jacobs was commissioned to update the Level 2 Strategic Flood Risk Assessment (SFRA) for Wycombe District
Council (DC) to support the emerging Local Plan.
Hydraulic modelling has been undertaken to assess the impact of Climate Change on a series of sites at ‘higher’
risk of fluvial flooding. Updates have been made to the Environment Agency’s (EA) hydraulic models of the
River Wye (including the Hughenden Stream) and the River Thames near Marlow.
Existing hydraulic models of both watercourse systems were obtained from the EA.1 2A high level review
established that both the River Wye and Hughenden Stream model and the Lower Thames model (Reach 1 and
2) are more than ten years old and are based on out of date data. In addition, it was found that both models
comprise of a one dimensional (1D) schematisation of the floodplain which does not provide an accurate
assessment of the flood risk for the urbanised floodplain areas of the areas of interest.
This technical note briefly describes the changes made to the existing EA models to allow a more detailed
assessment of the fluvial flood risk within the area of interest. It also describes the model results associated with
the 1% (1 n 100) Annual Exceedance Probability (AEP) event under various Climate Change scenarios.

1

Model 1in100+20%.DAT for River Thames created on 05/12/2007and model100yrGM.dat for River Wye created on 14/06/2001 were used for the
development of the new models.
2
Lower Thames Flood Risk Mapping Project - Final Hydraulic Modelling Report_Issue No 5.1 (2007) was consulted for River Thames.
River Wye Section 105 Flood Study report Vol1 and Vol2 (2001) was consulted for River Wye.
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2.

Model updates

2.1

General

Both hydraulic models have been updated from a 1D only modelling approach using the ISIS software to a 1D2D link approach using the latest software available, Flood Modeller v4.2 (FM) and TUFLOW 2016-03-AD.
The hydrology from the incoming models has not been modified and so has the hydraulic model in-bank
schematisation of the river channels. Only minor changes were carried out at select locations (see Section 2.2
and 2.3) in order to overcome model instabilities. The new climate change uplift scenarios were generated by
increasing all hydrological inflows to the model by 10% to 70% following EA guidance.
Updates to the models were limited to the areas of interest where the one dimensional schematisation of the
floodplain has been removed entirely and replaced by a 2D component linked to the in-bank representation
along bank crests. These modifications relate to reservoir units which previously depicted the floodplain now
represented by the 2D component of the model using LiDAR. The linking between the 1D and 2D components
is made at the top of bank therefore 1D cross sections were cropped at this location to represent the bank to
bank channel only. Cross section information beyond the river channel is represented by LiDAR within 2D
domain.
In both models, the 2D domain was based on 10m grid cell informed with the latest LiDAR data 3(for ground
level elevation) and land use information (for hydraulic friction) from OS MasterMap data.
Table 1 indicates the hydraulic roughness coefficient (Manning’s ‘n’) used in the models’ (2D Domains) based
on land types.
Table 1: Manning’s ‘n’ Coefficients – 2D domain
Master Map Feature Code

Land Cover group

Manning’s ‘n’

10056

General green areas

0.055 (set as default)

10172, 10119, 10123, 10054,

Roads or Tracks /no element in the area /paths

0.025

10058, 10217, 10185, 10183

/general surface – step, manmade and unclassified
/structure /roadside

10021, 10062

Buildings / glasshouses

1.0

10053, 10167, 10093, 10096,

Garden /railway /embankment /cliffs

0.050

10057

Short grass

0.035

10089, 10210

Water bodies

0.020

10111

Trees / Dense vegetation

0.1

10099

3

1m resolution 2015 composite DTM LiDAR obtained from the Environment Agency website (http://environment.data.gov.uk/ds/survey#/).
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2.2

River Wye Model

The existing EA River Wye model includes that watercourse and the Hughenden Stream. It dates from 2001
and includes the development at Glory Mill. The extent of the model including the model nodes in the river
channel are indicated in Figure 1.

Figure 1 – Extent of the provided 1D model of the River Wye
The 1D river channel component of the model was slightly modified to resolve instabilities.


Interpolated cross section units available within Flood Modeller have been added between surveyed
cross-sections at specific locations to help with model convergence. These locations are from Keep Hill
Road (WM2061) to South of Bowden Lane (WM2050U).



Typical distance between the interpolated units is around 19-23m for a total distance between the
surveyed cross-section of 38-70m.



Interpolated cross-sections have been added over sections of the river where the channel geometry
does not vary much and over a short distance. We therefore consider this approach appropriate.



Top slots were added to the roof of some culverts to allow surcharge of these structures.



A sweetening flow of 0.01m3/s was added around Keep Hill Road/Bowden Lane for the right branch of
the River Wye (The Dyke) and then extracted at the culvert downstream. Low flows in this area prevent
the model running. The addition of this inflow is believed not to modify the flood extent at this location as
the added flow is small, predicted water levels remains in-bank and is extracted and would not affect
flood extents downstream from this location.
3
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Figure 2 indicates the 2D model extent which comprise the floodplain areas adjacent to the River Wye and
Hughenden Stream from West Wycombe at the A40 (beginning of 1D model) up to the confluence with the
River Thames at Bourne End. This varies between 100-300 metres from the main river channel.
1D/2D links were traced at the highest elevation following the banks of the watercourses. Elevation points were
extracted from the 1m LiDAR which was obtained from the EA website (see footnote 2). Certain sections of the
1D/2D links were manually modified to tie with the information contained in the 1D cross sections.

Figure 2 – Model domain and 1D/2D link for the River Wye

2.3

Lower Thames Model (Reach 1 and 2)

Only Reach 1 of the Lower Thames model has been updated as part of this study. This reach extends from
Hurley Weir to the headwater gauge upstream of Cookham Weir. The hydraulic model development dates from
2007. Extent of the model (Reach 1 and 2) along with the model nodes are shown in Figure 3.
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Figure 3 – Model extent of the provided Lower River Thames (Reach 1 and 2)
The 1D river channel component was slightly modified to resolve some model instabilities at high flows. This
consisted of adding interpolated cross-sections and manual modifications to certain cross-sections to allow
stable computation across the 1D/2D links.
Figure 4 indicates the extent of the 2D model which encompasses the floodplain areas on either side of the
River Thames from Hurley Weir to the A404 embankment. Downstream of this point, only the left bank
floodplain was included in the 2D model whilst the right bank floodplain was represented with extended crosssections as per the original model.
As shown in Figure 4, 1D/2D links were digitised at the highest elevation following the banks of the watercourse.
Elevation points were extracted from the 1m LiDAR which was obtained from the EA website (see footnote 2).
Certain sections of the 1D/2D links were manually modified to tie with the information contained in the 1D cross
sections.
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Figure 4 – Model domain and 1D/2D link for the Lower River Thames (Reach 1 and 2)
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3.

Model simulations

Once updated the hydraulic models for the River Wye and the River Thames were run for a series of design
flood events. Climate Change allowances ranged from a 10% uplift on all hydrological inflows to a 70% uplift for
the 1% AEP event. The modelled flood events carried out were as follows:


5% AEP



1% AEP



1% AEP + 10% uplift on flows as allowance for climate change



1% AEP + 15% uplift on flows as allowance for climate change



1% AEP + 25% uplift on flows as allowance for climate change



1% AEP + 35% uplift on flows as allowance for climate change



1% AEP + 70% uplift on flows as allowance for climate change

7
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4.

Model Results

4.1

River Wye

Model results from the 5% and 1% AEP events were compared with the existing EA flood zone outlines. It was
found that the majority of the spill areas match well the EA flood mapping for the 5% and 1% AEP events.
However, the updated representation of the floodplain produced variations in the predicted extent of the 1%
AEP event extent (equivalent to Flood Zone 3a), such that in certain locations the extent (and those for the
climate change scenarios) are smaller than published Flood Zone 3.
SFRA High Risk sites in High Wycombe are equally affected with the new flood extents except for one area
indicated in Figure 5. It can be seen that, in the EA Flood Zone 3 the water does extend into the Kingsmead
Depot (High Risk site) however, the current model predicts flooding at this location and further downstream.

Figure 5 – Flood extent comparison for the 1% AEP event Kingsmead Depot.
Model results for the climate change scenarios indicate that several SFRA High Risk sites are at risk of flooding
under such scenarios. A detailed account of these is included in the main SFRA report. An indicative list of the
SFRA areas at risk of flooding for the worst scenario (1% AEP + 70% climate change uplift) is presented below:


Kingsmead Depot. Affected in the centre of the site.



Slate Meadow. Affected in the south part



Hollands Farm (North), Bourne End. Slightly affected at the southern extent.
8
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4.2

River Thames

Model results from the 5% and 1% AEP events were compared with the existing EA flood zone outlines. It was
found that the majority of the spill areas match the EA flood mapping for the 5% and 1% AEP events (see
Figure 6) well.
The only difference appears at Marlow upstream of the A404 embankment where the current model predicts a
larger area to be affected by flooding within Globe Industrial Park (SFRA High Risk site). This is a consequence
of using 2D approach to represent the topography of the floodplain areas informed with the most updated
LiDAR. In contrast with the 1D approach used in the previous modelling, topographic changes, overland flow
paths and therefore flood extents are represented more accurately in the present model.

Figure 6 – Flood extent comparison4 for the 1% AEP event in Marlow and Little Marlow.
Model results for the climate change scenarios indicate that Globe Industrial Park and Little Marlow (both SFRA
High Risk sites) are largely flooded under these scenarios. A detailed account of these is included in the main
SFRA report.

4

Note that only areas where the floodplain is represented in the 2D model have been mapped and therefore can be compared against the EA Flood
Zone
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5.

Assumptions and Limitations

The model update carried out for the River Wye and the River Thames was based on the following assumptions
and limitations:


The hydrology from the incoming models has not been modified and is out of date. New techniques on
how to produce hydrological inflows have been released since the models respective hydrology were
derived. The running of a range of climate change scenarios has provided a de-facto sensitivity test of
the hydrology assumptions and has not identified any significant thresholds in predicted peak flows that
would lead to uncertainty in the prediction of risk;



No update to the hydraulic model in-bank schematisation of the river channels has been carried out.
Cross sections and structures within the provided models were not reviewed and considered as a
correct representation of the river geometry. Only minor changes were operated at a few locations in
order to overcome model instabilities as it was considered this was beyond the scope of the current
project’. Given the out-of-bank flows to be considered when reviewing the suitability of site allocations,
the in-bank flows were considered to have lesser influence;



Considering that both models are 10 years old or more, in some locations river cross sections may not
accurately represent river geometry as in this period of time sediment deposition or erosion could have
occurred along with more significant changes to the channel (for example culverting/de-culverting,
realignments due to new developments). This could influence the prediction of flood risk however
undertaking survey to update the sections was considered beyond the scope of this assessment;



Model updates were limited to the areas of interest where the one dimensional schematisation of the
floodplain has been removed entirely and replaced by a 2D component linked to the in-bank
representation along the top of the banks. Changes beyond such extents were not considered to
influence the assessment of the allocation sites;



In both models, the 2D domain was based on 10m grid cell informed with the latest LiDAR data and
hydraulic friction information from OS MasterMap. Although appropriate for the level of detail required
for this study, a 10m grid resolution is too coarse to depict accurately overland flow paths in an urban
environment; and



Model instabilities exist near Hurley Weir in the Thames model for the largest Climate Change events
simulated (i.e. 1% AEP + 35% uplift and 1% AEP + 70%). These have been deemed acceptable as
close inspection of the model results revealed that model instabilities do not impact on the predicted
flood risk in the area of interest (SFRA High Risk sites in Marlow and Little Marlow).



Purpose of the present model is to provide flood map outputs to support the update of a Strategic Flood
Risk Assessment. By definition a Strategic Assessment covers a large study area and does not focus
on specific detail. It is with this idea in mind that a 2D model resolution set to 10m is considered
appropriate for this study. In addition, considering the large extent of the modelled areas (both Wye and
Thames) and the duration of the simulated events (500hrs for the River Thames) a 2D model resolution
at 10m ensure running times are not too long and in line with project programme and available budget.
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6.

Conclusions

The River Wye/Hughenden Stream model was developed in 2001 and the Thames model in 2007, in both cases
for flood mapping purposes, were obtained from the EA.
The original models adopted a one dimensional approach based on photogrammetry data to represent the
floodplain and were used to develop the fluvial flood zones. As part of this study, the schematisation of the
models has been updated to represent the floodplain using a two dimensional approach based on the latest
LiDAR information. This update comes with limitations which are detailed in Section 5 of this report.
It is considered that the model updates improve the accuracy of the predicted flood extents. However, the
update has led to discrepancies between the predicted flood extents and the current EA Flood zone mapping.
The update of the representation of the floodplain has increased in some areas and reduced in some others the
predicted extent of the 1% AEP event, such that in certain locations the extents (and those for the climate
change scenarios) are smaller than the published Flood Zone 3.
This is identified in the site assessments (documented in the main SFRA report) where it is considered to be an
issue. Generally, the recommendation to the applicant is to liaise with the EA to confirm the extent to be
adopted for the site-specific Flood Risk Assessment. Best available data should be used to inform a site-specific
assessment.
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