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1 Introduction

1.1 Model overview

Edenvale Young has been commissioned by Rydon Homes to
undertake hydraulic modelling to assess the impact of changing
a signalised junction to a roundabout. The proposed roundabout
location is at the junction of A280 Angmering Bypass and Water
Lane just to the North-East of Angmering, UK as shown in
figure 1.1.

The proposed roundabout is currently has a slightly larger
land take, including some land within the flood plain. The
slightly larger area of the roundabout compared to the existing
signalised junction would impact the catchment storage. Current
EA flood zones, as shown in figure 1.2 show that the proposed
site is in flood zone 1 but lies close to the watercourse named
Black Ditch.

Figure 1.1: New proposed roundabout location
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Figure 1.2: Current EA flood zones

Hydraulic modelling was undertaken for 5%, 1%, 1% + climate
change and 0.1% Annual Exceedance Probability (AEP) events.
The active area of the model is 1.2km2 and covers approximately
2.6km of watercourse. Cross section survey data from March
2018 as well topographic survey from April 2017 was used in
creation of the hydraulic model. ESTRY-TUFLOW HPC 2018-03-AA
was used for all hydraulic modelling.
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2 Hydraulic modelling

2.1 General

The hydraulic modelling was undertaken for a total of 1.2km2

of model area covering 2.6km of water course as shown in
figure 2.3.

The hydraulic model has been used to assess flood risk and
the effect of the roundabout development on flood risk in adjacent
areas. Inflows into the model were developed using FEH methods,
see Appendix A. Modelling has been undertaken for pre- and
post-development scenarios for a range of fluvial flow and climate
change (CC) events as shown in table 2.1.

AEP (return period) Pre-development
Case-A

Post-development
Case-B

5% (1-in-20) ✓ ✓
1% (1-in-100) ✓ ✓
1% (1-in-100) +10% CC ✓ ✓
1% (1-in-100) +20% CC ✓ ✓
1% (1-in-100) +35% CC ✓ ✓
0.1% (1-in-1000) ✓ ✓

Table 2.1: AEPs and cases modelled

2.2 Existing modelling

It is understood that no pre-existing modelling of this area
exists and as such, a new model has been built completely
from component data with no elements from previous models
incorporated.

2.3 Available data

2.3.1 Elevation data

LiDAR data was obtained from the Environment Agency Open
Data website1. For the study area, this was available at 2m and
1m resolutions, and the 1m data was selected for use.

1https://environment.data.gov.uk/ds/survey
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Figure 2.1: Pre and post-development TINs

2.3.2 Channel survey

Hydrographic survey was undertaken for the purposes of this
study by Infomap surveys & Mapping Ltd. The scope of the
survey met and exceeded the EA National Standard Contract
and Specification for Surveying Services (v3.2 and amendments).
This included sections of open channel and also structural survey
at all bridges and other features within the study reach.

2.3.3 TINs

A Triangulated Irregular Network (TIN) DTM was provided for
pre-development scenario in DWG format. The supplied proposed
roundabout geometry was processed to create a post-development
TIN DTM using AutoCAD Civil 3D 2018. The AutoCAD drawing
was then post processed into Aquaveo SMS .tin file format that
TUFLOW can read natively. The final TIN can be seen in figure 2.1.

2.3.4 Map data

Land-use data in vector format was derived from the national
coverage provided by Ordnance Survey: Open Map-Local (04/2017).
This was supplied with sufficient coverage for the full model
extent.
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2.4 Modelling approach

2.4.1 Software used

The scheme was modelled using the new HPC solver of the
widely adopted TUFLOW software. Due to great increase in
computation times, the scheme was run on GPU instead of
standard CPU.

TUFLOW has been in wide use in the UK for over 10 years and
is a stable and extensively tested two-dimensional (2D) modelling
package. TUFLOW HPC is becoming the new standard in 2D
modelling due to its heavily parallelizable ability, great run time
improvements and therefore ability to make models at much
higher resolutions. The model incorporates a one-dimensional
(1D) model, ESTRY, for the simulation of open channels, culverts
and structures.

The 1D and 2D solvers may be coupled and run simultaneously,
exchanging data throughout the simulation, permitting utilisation
of the strengths of both 1D (best for channels and structures)
and 2D (best for floodplains and complex flood paths).

One of the key advantages of the software is its use of
standardised and open input and output formats (ASC, SHP, CSV,
TXT). This means that model data can be both prepared and
inspected/reviewed without a copy of the software and the data
can be readily extracted and processed using other, unrelated
programs.

The latest version of the software was applied, specifically
build 2018-03-AA-iSP-w64 run on GPU (NVidia GeForce 1080’s or
1080Ti’s).

2.4.2 Terrain

Represented using the 2D portion of the model, the floodplain
is split into square elements referred to as ‘cells’. The cell size
should be small enough to represent flow routes with sufficient
detail, however, larger cell sizes are favourable as increases to
the number of cells also increases the computational effort in
undertaking simulations (halving the cell size results in simulations
taking approximately 8 times longer to run). In this instance a
1m resolution was selected as there is no finer resolution LiDAR
available.

Refinements were required at some bridge decks as the LiDAR
processing that removes buildings from the DTM also tends to
filter out bridge decks. These were reinstated within the model
using TUFLOW’s ‘Z shape’ capability. Elevations for the bridge
decks were obtained from topographic survey.

It was required to carve out the small pond between Weavers
Hill road and A280 since the LiDAR picked up the surface of the
water. The pond was lowered by 0.5m below the invert of the
spill out of the pond. The initial water level in the pond was
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then set to the invert of the spill out of the pond to prevent
artificially raising the storage in the model.

The LiDAR was sufficiently recent and of sufficiently good
quality that no further refinements were considered necessary,
as relevant flow routes and obstructions to flow were all well
represented.

2.4.3 Surface parameters

In addition to elevations, is is necessary to assign roughness and
permeability characteristics to the model domain.

Roughness has been spatially assigned using Ordnance Survey
maps, with material IDs being assigned different Manning’s n
roughness parameters (the industry standard parameterisation
of roughness). The values selected are typical values for floodplains
in the UK.

Figure 2.2: Active area and materials used

Figure 2.2 shows the coverage of the different classes, while
table 2.2 below shows the roughness parameters applied to the
different classes. For some materials depth varying Manning’s n
was applied. This is done to provide accurate representation of
roughness at all scales. For example, grass is going to impede
shallow flows to a much greater extent than deep flows over the
same grass once the water level rises above the blades of grass.
d1 and d2 are depths in meters for which Manning’s values n1
and n2 respectively are applied. Between d1 and d2 depths,
linear interpolation is used for Manning’s n.
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Material ID - description Manning’s n d1 n1 d2 n2
1 - Default. Grazed fields/ shortish grass 0.0500 0.10 0.3000 0.20 0.0500
2 - Roads & concrete 0.0200
3 - Kept fields (playing fields etc) 0.0400 0.05 0.3000 0.10 0.0400
4 - Covers Urban primarily 0.0800 0.15 0.3000 0.20 0.0800
5 - Scrubland 0.0550 0.10 0.3000 0.30 0.0600
6 - Trees/Wooded 0.1000 0.10 0.3000 0.20 0.1000
9 - Buildings 1.0000
10 - River channel 0.0350

Table 2.2: Roughness parameters applied

2.5 Open channel

2.5.1 Features

The watercourses within the area being modelled as 1D elements
in ESTRY are identified in figure 2.3, which also indicates the
primary flow direction and active area of the model.

Of particular note is the pond between Weavers Hill road and
A280. The culvert passing under the road spills into the pond,
via an SX boundary that was modelled in 2D. The water is then
taken out of the pond via another SX boundary and a WW weir
unit from survey.

All the other structures within the model are bridges/conduits,
which have been represented using conduit units. High resolution
of the model allowed all bridge decks to be represented within
the 2D domain.

2.5.2 Parameters

Aside from the geometry, there are a few other parameters that
influence flow being passed through a 1D scheme; these were
set as follows:

Channel Roughness

Roughness was applied using the Manning’s n. Roughness is
permitted to vary across the sections and the values (initially
provided by the surveyor) were cross-checked against photographs.

In general in-bank roughness is between 0.03 and 0.035, with
lined channel sections between 0.015 and 0.02. All out-of-bank
areas were trimmed out of the cross sections and modelled in
2D to avoid ‘double counting’. These are typical values for 1D
channels.

Structure losses

The conduits representing bridges all have contraction, entrance
and exit losses applied at default values as recommended within
the TUFLOW manual of 0.5 and 1 respectively. Such weirs as are
present are represented using ‘WW’ units within ESTRY, which is
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Figure 2.3: 1D network lines and 2D active code

an improved broad weir schematisation; parameters have been
left at default in all cases.

2.6 Boundaries

2.6.1 Inflows

As is presented in the accompanying hydrology report (Appendix A),
inflows have been determined for use both as point inflows for
Black Ditch flowing into the model domain.

The location of the inflow is shown in figure 2.4.

2.6.2 Outflows

A Head-Time (HT) boundary has been applied at the downstream
extent of the Black Ditch in the 1D domain as shown in figure 2.4.
The elevation of this boundary has been set to 1.91 mAOD—just
below top of bank (at 2.15 mAOD). Setting the water level just
below top of bank in 1D is considered standard practice when
modelling with ESTRY where the downstream water levels are
not expected to affect the site, especially as an automatic HQ
boundary will be handling out of bank flows in TUFLOW.

Automatic Head-Flow (HQ) boundaries have been applied to
the downstream extent of the Black Ditch in the 2D domain as
shown in figure 2.4. The slopes of these boundaries have been
set to be 0.0015 and 0.0022 for left and right banks respectively.
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Figure 2.4: 1D & 2D boundary conditions and initial water
level

The slopes were calculated from LiDAR data immediately downstream
of the respective boundaries.

It is considered the boundaries have been placed far enough
away from the area of interest to not have any influence on the
modelled results for the site.

2.7 Initial conditions

Both the 1D and 2D domains starts completely dry apart from
the small pond between Weavers Hill road and A280. The initial
water level in the pond was then set to 9.08 mAOD, the same
as the invert of the spill out of the pond to prevent artificially
raising the storage in the model.

2.8 Simulation parameters

All simulation parameters have been left at their default values
except where discussed above.
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3 Results

The following figures (outlined in table 3.1) show the peak modelled
flood depths, water levels, differences between pre and post-development
scenarios and model stability parameters through the simulation.

The HPC solver uses 3 primary mechanisms to determine the
maximum timestep that an explicit solution to the Shallow Water
Equations can use:

Nu Courant number, Nu = udt
dx , limit Nu < 1.0

Nc Non-dimensional wave speed number, c =
√
gh, Nc = cdt

dx

limit Nc < 1.0

Nd Non-dimensional diffusion number, Nd = vdt
dx2 limit Nd ≤ 0.3

Figures 3.31–3.42 show the maximum Nu, Nc and Nd values
in the model at any time throughout the simulation. By analysing
the Nu, Nc and Nd parameters, you can see which process is
the limiting parameter for the timestep. The plots also show
the timestep (dt), fluctuations in timestep could indicate model
instability. In addition the plots show number of wet cells in
the model (nWet) as an indication of the progression of the
simulated event.

AEP Case-A
Depths

Case-B
Depths

Case-A
Levels

Case-B
Levels

Case-B minus A
Differences

Case-A
Stability

Case-B
Stability

5% Fig. 3.1 Fig. 3.7 Fig. 3.13 Fig. 3.19 Fig. 3.25 Fig. 3.31 Fig. 3.37
1% Fig. 3.2 Fig. 3.8 Fig. 3.14 Fig. 3.20 Fig. 3.26 Fig. 3.32 Fig. 3.38
1% +10% CC Fig. 3.3 Fig. 3.9 Fig. 3.15 Fig. 3.21 Fig. 3.27 Fig. 3.33 Fig. 3.39
1% +20% CC Fig. 3.4 Fig. 3.10 Fig. 3.16 Fig. 3.22 Fig. 3.28 Fig. 3.34 Fig. 3.40
1% +35% CC Fig. 3.5 Fig. 3.11 Fig. 3.17 Fig. 3.23 Fig. 3.29 Fig. 3.35 Fig. 3.41
0.1% Fig. 3.6 Fig. 3.12 Fig. 3.18 Fig. 3.24 Fig. 3.30 Fig. 3.36 Fig. 3.42

Table 3.1: Results figure index
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3.1 Depth maps

3.1.1 Case-A: Pre-development
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3.1.2 Case-B: Post-development
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3.2 Level maps

3.2.1 Case-A: Pre-development
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3.2.2 Case-B: Post-development
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3.3 Difference maps: Case-B minus Case-A, post minus
pre-development
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4 Conclusions

The results using best practice model parameters show that
the proposed development site is flood free for all modelled
scenarios including the 0.1% annual exceedance probability event.

The slightly larger area of the roundabout compared to the
existing signalised junction has negligible impact on the catchment
storage and therefore no visible impact on the flood levels.
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A Hydrology
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7 ANNEX 
 

Table 1 Default pooling group at BD_01 (FEH catchment) 

Station Distance Years of data QMED AM L-CV 
L-
SKEW Discordancy 

       
44008 (South Winterbourne @ Winterbourne 
Steepleton) 0.514 37 0.448 0.416 0.326 1.036 

26803 (Water Forlornes @ Driffield) 0.516 17 0.437 0.3 0.112 0.466 

44013 (Piddle @ Little Puddle) 0.544 23 1.103 0.463 0.254 1.849 

22003 (Usway Burn @ Shillmoor) 0.547 13 16.17 0.282 0.311 1.785 

28058 (Henmore Brook @ Ashbourne) 0.574 12 9.006 0.155 -0.064 1.673 

27010 (Hodge Beck @ Bransdale Weir) 0.579 41 9.42 0.224 0.293 0.679 

203046 (Rathmore Burn @ Rathmore Bridge) 0.658 34 10.788 0.146 0.136 0.558 

28041 (Hamps @ Waterhouses) 0.702 31 26.664 0.22 0.295 1.348 

41020 (Bevern Stream @ Clappers Bridge) 0.704 47 13.9 0.205 0.17 0.602 

26802 (Gypsey Race @ Kirby Grindalythe) 0.733 17 0.116 0.274 0.24 0.078 

24006 (Rookhope Burn @ Eastgate) 0.741 20 24.62 0.152 0.117 0.586 

49005 (Bollingey Stream @ Bolingey Cocks Bridge) 0.764 6 6.511 0.265 0.063 1.331 

36010 (Bumpstead Brook @ Broad Green) 0.766 49 7.585 0.365 0.173 2.002 

49004 (Gannel @ Gwills) 0.769 47 15.022 0.258 0.105 0.345 

25019 (Leven @ Easby) 0.77 38 5.333 0.338 0.391 1.076 

73015 (Keer @ High Keer Weir) 0.796 25 12.239 0.174 0.191 0.455 

51003 (Washford @ Beggearn Huish) 0.801 49 6.12 0.19 0.076 1.129 

       

Total  506     

Weighted means    0.263 0.197  
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Table 2 Final pooling group at BD_01 (FEH catchment) 

Station Distance 
Years of 
data QMED AM L-CV 

L-
SKEW Discordancy 

       
44008 (South Winterbourne @ Winterbourne 
Steepleton) 0.514 37 0.448 0.416 0.326 1.218 

26803 (Water Forlornes @ Driffield) 0.516 17 0.437 0.3 0.112 0.634 

44013 (Piddle @ Little Puddle) 0.544 23 1.103 0.463 0.254 2.242 

28058 (Henmore Brook @ Ashbourne) 0.574 12 9.006 0.155 -0.064 1.713 

27010 (Hodge Beck @ Bransdale Weir) 0.579 41 9.42 0.224 0.293 0.738 

203046 (Rathmore Burn @ Rathmore Bridge) 0.658 34 10.788 0.146 0.136 0.464 

28041 (Hamps @ Waterhouses) 0.702 31 26.664 0.22 0.295 1.544 

41020 (Bevern Stream @ Clappers Bridge) 0.704 47 13.9 0.205 0.17 0.704 

26802 (Gypsey Race @ Kirby Grindalythe) 0.733 17 0.116 0.274 0.24 0.091 

24006 (Rookhope Burn @ Eastgate) 0.741 20 24.62 0.152 0.117 0.563 

49004 (Gannel @ Gwills) 0.769 47 15.022 0.258 0.105 0.438 

25019 (Leven @ Easby) 0.77 38 5.333 0.338 0.391 1.158 

73015 (Keer @ High Keer Weir) 0.796 25 12.239 0.174 0.191 0.429 

51003 (Washford @ Beggearn Huish) 0.801 49 6.12 0.19 0.076 1.392 

24007 (Browney @ Lanchester) 0.82 15 10.981 0.222 0.212 2.275 

72014 (Conder @ Galgate) 0.871 49 16.646 0.212 0.082 0.398 

       

Total  502     

Weighted means  955  0.25 0.189  

 
 

 

Figure 5: L-moments for final pooling group at site BD_01 
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Figure 6Growth curve for final pooling group at site BD_01 
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Copyright © Edenvale Young Associates 2018

This document is issued for the party which commissioned it and for specific purposes
connected with the above-captioned project only. It should not be relied upon by any
other party or used for any other purpose. We accept no responsibility for the
consequences of this document being relied upon by any other party, or being used for
any other purpose, or containing any error or omission which is due to an error or
omission in data supplied to us by other parties. This document contains confidential
information and proprietary intellectual property. It should not be shown to other parties
without consent from us and from the party which commissioned it.

The consultant will follow accepted procedure in providing the services but given the
residual risk associated with any prediction and the variability which can be experienced
in flood conditions, the consultant takes no liability for and gives no warranty against
actual flooding of any property (client’s or third party) or the consequences of flooding in
relation to the performance of the service.
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