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E.1.0  This section contains information that was used for the preparation of the SFRA and may need  
to be referenced to during the planning process. This includes:  

Hydraulic Modelling  
Flooding History  
Flood Risk Summary in the Ouse Catchment  
Flood Warning Systems  
Overview of Flooding Causes  
Overview of Flood Alleviation Schemes  
Ouse Subcatchments and Gauging Stations  
List of Main Rivers and Critical Ordinary Watercourses within Lewes District  
PPS25 Guidance Tables  
FD2320 Safe Access and Exit Lookup Table  
Sustainable Drainage Systems (Overview)  
 

These sections have been looked at individually within this Appendix.  
 
 

OVERVIEW OF HYDRAULIC MODELLING  
 

Hydraulic Modelling Carried Out as Part of the SFRA  
 
During the early stages of this study, the need to carry out further hydraulic modelling to satisfy 
the general requirements of PPS25 and the particular needs of Lewes District Council was  
identified. This modelling was to investigate:  

Likely effects of climate change  
Consequences of improving flood defences along Lewes flood cell 4/5 and Newhaven flood  
compartment 4  
 

The areas to be subject to further analysis are the North Street flood cell in Lewes Town which 
has a predominantly fluvial influence and the tidal part of the River Ouse at Newhaven. These 
two locations were simulated using separate models for a range of scenarios as explained 
below.  
 

 
Modelling Software  
An ISIS-TUFLOW linked model was constructed to simulate a range of scenarios aimed to fulfil 
the identified requirements of this study. The ISIS-TUFLOW model is particularly useful when 
assessing flood risk as the ISIS (1-Dimensional) component of the model can accurately 
simulate the river section of the flow whereas the TUFLOW (2-Dimensional) component can 
accurately simulate the flow on the floodplain.  
An ISIS model for the Ouse was obtained from the EA and modified accordingly to represent the  
different scenarios to be analysed.  
The ISIS model provided had been used to simulate fluvial and tidal events with return periods  
no greater than 100years. Therefore, new hydrographs had to be produced to simulate the 
climate change scenarios. Additionally, 21 spills were added to the model where it was practical 
to do so but no new reservoir units were put in place.  
The ISIS model provided also had an upstream inflow unit (Ouse_Uck) for the Upper Ouse and  
Middle Ouse which consisted of observed data. This was subsequently modified to a Flood 
Estimation Handbook (FEH) inflow unit (Ouse_Uck_FEH) with parameters taken from the FEH 
CD ROM 2.0.  
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Tidal data at the downstream boundary was provided in the form of peak tide levels for the 
various return periods in particular years and a 100year tide provided in the ISIS model. The 
100year and the peak water level were used to construct tidal curves for each tidal return 
period. The positive tide levels were scaled up to account for the increase in tidal level whereas 
the low tide levels where the stage went to negative values were left as is. Table 1 provides the 
peak water level for each tidal event simulated.  
 

Year of  Return Period  
Analysis  
 

2007  
2115  

MHWS  
3.52 

4.66  

20yr  
4.14 

N/A  

200yr  
4.3 

5.5  

1000yr  
4.4  
N/A  

 
Table 6: Extreme sea levels for various tidal set-ups (mOD)  
 

 
Lewes Model  
The Lewes hydrodynamic model starts at node so14402 (GR 54083, 11139) and ends at node 
so12412 (GR 54209, 11009) with a total river length of 2km. In order to link the 1D and 2D 
models using the ISIS-TUFLOW link, a number of spill units and reservoirs were removed from 
the original ISIS model. A number of extended sections were also edited to ensure that 
floodplain storage was not being represented in both the 1D domain and the 2D domain thus 
effectively double-counting the flow.  
The 2D domain of the Lewes model covers an area of 1.43km2 and a perimeter of 6,480m. The  
grid cell size used to dictate the domain over which the 2D flow was simulated was 10m. The 
defences were represented using polylines with the crest elevation data taken from the National 
Flood and Coastal Defence Database (NFCDD).  
For the 2-D analysis, the buildings of Lewes were not represented within the TUFLOW model.  
The scenarios modelled for Lewes are summarised below:  

Fluvial Return  
Period  

20  
 

100  
 

100 +20%  
 

1000  

Tidal  
Boundary  

MHWS (2007)  
 
MHWS (2007)  
 
MHWS (2115)  
 
MHWS (2007)  

 
Existing  

 
Undefended  

Raised  
Defence  

 
Table 7: Fluvial scenarios modelled for Lewes Flood Cell 4  
 

 
For the undefended scenario the defences were removed along the length of the Lewes Flood 
Cell 4 with the elevation set on the bank to 3.5mOD. This elevation value was taken from the 
nodes in the ISIS model in the undefended location and all representations of the embankment 
within the ISIS model river sections were removed.  
Output plots from the simulations were generating to show: maximum depth, maximum velocity,  
rate of onset and duration. The impact of the defence was also determined. For the defended 
20yr event flows are constrained to the river channel.  
The flow depth plots and flow velocity plots and UK Flood Hazard Class were also produced in  
GIS format. The UK Flood Classification is in accordance with the publication DEFRA/EA R&D  
Output: Flood Risk Assessment Guidance for New Development Phase 2 Draft FD2320/TR1 
and TR2.  
Floodplain inundation does not occur until the 100yr event and thus no grid results are shown  
for the 20 return period.  
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Defended Lewes Model  
The raised defence model is designed to reflect the protection of flood cell 4/5 from flooding  
from either the river Ouse or from flooding upstream. To achieve this level of protection it was 
necessary to provide a defence line in the location of the Pells, the swimming pool and the 
recreation ground at the upstream side of the cell 4/5, see Figure 1 below. Additionally, it was 
necessary to raise the defence line adjacent cell 4/5 along the Ouse on the right bank.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Defence line at Pells, Lewes (Solid black line)  
In the case of Lewes the embankment crest height of the raised defence was set to an arbitrary  
level of 10m AOD. The raised defence level was applied to the right bank of the River Ouse 
along the extent of flood cell 4/5. A lateral defence was also added at the upstream end of flood 
cell 4 as shown in Figure 1. Figure 2 shows the results of the simulations for the three 
scenarios and this is summarised in Table 4 with values taken from key model nodes.  
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Figure 2: Long section of the River Ouse for three scenarios at Lewes  
 
 
 

Lewes  SCENARIO: 100yr Fluvial & MHWS Tidal (2007)  
 

Flood Cell 4  
 

Effect Upstream  
 
Effect at the Site  

Effect  
Downstream  

 
Undefended  
 

5.627  
 
5.442  
 
4.414  

 
Existing Defences  
 

5.673  
 
5.479  
 
4.441  

 
Raised Defences  
 

5.718  
 
5.583  
 
4.392  

 
Node ID  
 
so16237  
 
so13505  
 
so11808  

Table 8: Summary of the effect of different scenarios within the location of flood cell 4 in Lewes  
(Water levels in mOD)  

Table 4 shows that upstream of the raised defence site, water levels are slightly higher in the  
case of the raised defence as the flow does not spill out and backs up the system. The effect  
downstream of the site is minimal. At flood cell 4 there is a more complicated response with the  
reach immediately upstream of the raised defence section (so19511-so13505) were water  
levels are higher than the existing defended scenario. Additionally along the reach of raised 
defences (so13460-so12638) has lower water levels than those experienced for the current 
defended scenario.  
Newhaven Model  
The Newhaven model simulates the Fluvial-Coastal interface near the town of Newhaven 
between ISIS node so 3602 and so0, a river length of 3.6km. Due to the area of the flood 
compartment that was to be assessed, it was necessary for the Newhaven model to be of a 
much larger size than the Lewes model (Area=9.6 km2 and Perimeter = 17.92km). The grid 
resolution was, as a result, increased to 20m. This can be justified in an area such as 
Newhaven as the floodplain is relatively flat.  
As the Newhaven model was situated on the coast, it was necessary to add a 2D tidal boundary  
to the 2D domain as well as the original 1D tidal specification in the ISIS model. The tidal data 
used was the same as that used for the 1D tidal boundary node (so0). The tidal boundary was 
added to the seaward (south) side of the coastal defence and so there will be some inundation 
of the beach area. The level of the coastal defence suggests that the tidal boundary will not 
impact upon floodplain inundation. However, the tidal boundary was added to all scenarios for 
consistency and for potential further use of the model.  
Defence levels to be used in the model were taken from a land survey data undertaken by the  
Environment Agency during April 2009 where spot heights were recorded. For the undefended 
scenario, defences were removed from the River Ouse left bank along the limit of the Newhaven 
Flood Compartment 4. All coastal defences were left in place. The length of the undefended 
section was 2.4km and the elevation was set to 3.75m. This elevation value was taken from the 
so2207 ISIS river section with no defence represented.  
The buildings of Newhaven were not added to the TUFLOW model as a separate layer.  
The scenarios modelled for Newhaven are summarised below:  

Fluvial Return  Tidal Boundary  Existing  Undefended  Raised  
Period  Defences  

20  20yr (2007)  
2 200yr (2007)  
2 200yr (2115)  
2 1000yr (2007)  

Table 9: Tidal scenarios modelled for Newhaven Flood Compartment 4  
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Output plots from the simulations were generating to show: maximum depth, maximum velocity, 
rate of onset and duration. The 200yr tidal level for 2115 was 5.5m which was far beyond the 
threshold level of the defences. In this scenario there were a number of model instabilities due 
to the large amount of water upon the floodplain. As the defences were so comprehensively 
overwhelmed it was accepted by the Environment Agency to map the inundation up to a contour 
of 5.5m rather than have inaccurate model results. Therefore it is not possible to produce 
velocity, onset or duration results for the 200yr (2115) scenarios.  
The flow depth plots and flow velocity plots and UK Flood Hazard Class were also produced in  
GIS format. The UK Flood Classification is in accordance with the publication DEFRA/EA R&D  
Output: Flood Risk Assessment Guidance for New Development Phase 2 Draft FD2320/TR1  
and TR2. For the 200yr (2115) scenarios it has also been assumed that given the depth of 
flooding that a risk of 'Danger for All' would be applicable for this scenario.  
Defended Newhaven model  
As the Newhaven model is tidally influenced, the embankment crest level was set to an arbitrary  
height of 10m AOD. The raised defence was applied to the left bank of the River Ouse along the 
extent of flood compartment 4 as well as a lateral defence at the upstream limit of the flood 
compartment (shown in Figure 3). Figure 4 shows the results of the simulations for the three 
scenarios and this is summarised in Table 5 with some values taken from specific model nodes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Location of the lateral defence at the upstream limit of flood compartment 4.  
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Figure 4: Long section of the River Ouse for three scenarios at Newhaven  
 
 

Newhaven  SCENARIO: 2yr Fluvial & 200yr Tidal (2007)  
Flood  

Compartment 4  
Effect Upstream  
 
Effect at the Site  
 
Effect at the Site  

 
Undefended  
 

4.355  
 
4.231  
 
4.345  

 
Existing Defences  
 

4.44  
 
4.319  
 
4.31  

 
Raised Defences  
 

4.524  
 
4.375  
 
4.354  

 
Node ID  
 
so8797  
 
so1474  
 
so807  

Table 10: Summary of the effect of different scenarios within the location of flood compartment 4  
in Newhaven. (Water levels in mOD)  
The results from the Newhaven raised defence runs show that there is an increase in the peak  
water level when compared to the existing scenarios. This is due to the loss of floodplain 
storage in flood compartment 4 as a result of the raising of defences.  
Summary  
Runs were simulated for three scenarios on both the Lewes and Newhaven sections of the  
River Ouse. The three scenarios were the undefended, defended and raised defences. The  
raised defences for Lewes and Newhaven were both arbitrarily set to 10m OD. The results 
show that raised defences at Lewes would increase peak water levels upstream but would  
reduce them slightly at the site and have a small reduction downstream. By raising defences  
the flow is confined to the channel and limits potential overtopping. At New haven the raising of  
defences would lead to an increase in the simulated peak water level as floodplain storage is 
lost in flood compartment 4.  
Hydraulic Modelling available for this study  
 
A significant amount of work has been carried out in flood risk/prevention as a result of the 2000  
floods in Lewes. A brief summary of the hydraulic models for which general details and flood 
outlines were made available for this study is included below.  
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Records of Flooding  
 
Lewes District Council, the Environment Agency and Southern Water were all contacted to 
obtain information on flooding records and drainage problems in the District. The locations 
identified as having suffered from flooding in the past are included in the Map section.  
A comprehensive list of recorded flooding incidents was produced during the investigation of the  
2000 floods. This is included below.  
Unfortunately it has been rare for the actual extent of major floods to be recorded systematically  
by the appropriate authorities, and when records have been made they are often discarded or 
misplaced in subsequent successive reorganisations. The only flooding records found during  
this study have been those relating to the 1960 and 2000 floods. In this case the lack of  
historical records is not of critical importance as the comprehensive study carried out following 
the 2000 floods provides a good overview of the current flooding mechanism in the area.  
The River Ouse Catchment Flood Management Plan (CFMP) identifies known and potential  
flood prone areas and summarises them as follows:  

Fluvial flooding in Uckfield and Lewes.  
Surface water flooding in Lewes, Barcombe and Seaford.  
Combined fluvial and tidal flooding in Newhaven, Lewes and Barcombe Mills.  
Periodic groundwater flooding from the South Downs in various locations across the 
catchment, including Kingston south of Lewes.  
 

Southern Water has provided us with a table summarising surface water and combined sewer-  
related flooding incidents within the District in the last 10 years. This table is also included 
below.  
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FLOODING HISTORY  
 
Event Date  
 
 

1852  
 
 
1852  
 
1865  
1875 

1880  
 
1904  
 
1911  
 
1916  
 
1925  
1943  
 
1952  
 
1960  
 
1974  
 
1979  
 
 
1987  
 
 
 
1993  
 
2000  
 
 
 
2000  
 
 
 
2002  

 
Details  
Heavy and prolonged rainfall caused widespread flooding in the Ouse catchment. At  
Lewes 'torrents from hills' are reported flooding lowland areas. Train routes were  
blocked, properties were damaged. Massive economic losses resulted from loss of hay, 
corn, fruits and livestock.  
Serious floods in Uckfield  
 
Serious floods in Uckfield (26 October).  
Serious floods in Uckfield. Highest flood since 1852.  
Heavy rainfall recorded at Balcombe (9 October) and much flood damage.  
 
High flood waters in Lewes (31 January).  
November 11 recorded flooding across the Ouse catchment. At Cliffe (Lewes), river  
levels increased rapidly forcing dozens of occupants from bankside dwellings.  
Major flooding in Uckfield  
Major flooding in Lewes caused damage to businesses along Cliffe High Street.)  
 
Major flooding in Uckfield (14 January).  
 
Flooding in Uckfield (28 February).  
 

Flooding in Lewes with notable influence from the Winterbourne Stream. First week of 
November saw the worst floods since 1925.  
 
Major flooding in Uckfield  
 
Major flooding in Uckfield and Lewes (28 December).  
Event followed the notorious '1987 hurricane'. Estimated as a 1 in 45 year event by  
NRA. 140 properties flooded in Haywards Heath and Lindfield. Subsequently a flood relief 
scheme was developed for the Scrase Bridge Stream and its tributary the West Common 
Stream.  
 

Major flooding in Uckfield, December 30 -31, (peak flow 80 cumecs). 30 properties flooded 
in Lindfield and 30 in Uckfield. Flooding also in Buxted.  
 
28 May 2000 (peak flow about 85 cumecs). Flooding at Uckfield  
Autumn 2000; major flooding across the south east. Lewes and Uckfield severely  
affected. 1 - 12 October 2000 (peak flow 132 cumecs). Towns of Lewes and Uckfield  
cut off as all major routes flooded. Lewes railway station closed. Lewes - 817 
domestic and business properties flooded. Uckfield - up to 100 business and 
domestic properties affected. Barcombe, Isfield and Buxted also flooded.  
 
Localised flooding in upper catchment, road flooded in Sharpsbridge .  

(Source: Catchment Flood Management Plan)  
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Flood Warning Systems  
 
Following the Easter 1998 floods the Environment Agency introduced new flood forecasting,  
warning and management structures and procedures, developed under their "Changing Needs in 
Flood Defence" project. The 12th October 2000 flood was probably the first major incident in the 
UK under this new system.  
The Environment Agency carries out flood forecasting, warning and incident management for  
the River Ouse catchment from its Sussex Area office. The following sources are used in this  
process:  

The hydrometric network.  
HYRAD rainfall radar.  
Weekly soil moisture information.  
Regular Meteorological Office weather forecasts and warnings.  
 

The EA Flood Warning service provides information to the public and enables people at risk to  
be promptly warned, reducing the financial and personal cost of flooding from tidal and fluvial 
sources. The service currently relies on members of the public registering on to the system.  
The flood warning service plays a significant role in flood risk management. However, its  
effectiveness is compromised in areas where the catchment responds rapidly to storm events.  
Additionally, the service is not set up to take full account of the complexities of groundwater 
flooding.  
Most reaches of the River Ouse have a lead time for flood warning in excess of two hours and  
although short they are considered adequate. However, that is not the case on small flashy 
rivers, such as those in the upper catchments. There are uncertainties associated with flood 
warnings due to the various factors associated with flood prediction.  
The Environment Agency issues flood warnings to the emergency services, local authorities,  
media, and the public. These are disseminated by a number of methods including:  

Floodline Warning Direct - simultaneously by telephone, mobile, pager and fax.(incorporating  
the Automatic Voice Messaging AVM system) E-mail and SMS facility to follow.  

Website (www.environment-agency.gov.uk/floodwarning). Met 
Office weather forecasts. Local Radio. Television.  
Ceefax page 419.  
Vehicle mounted loudhailer. Flood 
Warden Scheme. Variable display 
boards  
 

The Environment Agency also operates a flood warning telephone service known as, Floodline  
[0845 988 1188], which gives advice and information. In addition, the Floodline 24 hour  
recorded message service will give information about flood warnings in force anywhere in 
England and Wales.  
Flood warning signs are also operated in the town of Lewes and Uckfield which display the  
current flood warning in force. These signs are described below:  

Flood Watch means flooding of low-lying land and roads is expected in the  
(xxx) area. Be aware! Be prepared! Watch out!  
 

Flood Warning means flooding of homes and businesses is expected in the  
(xxx) area, act now!  
 

Severe Flood Warning means severe flooding is expected in the (xxx) area.  
There is extreme danger to life and property. Act now!  
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All Clear means flood Watches or Warnings are no longer in force in the (xxx) 
area.  

 
The customer charter standard is to issue all warnings at least two hours in 
advance of any possible flooding.  
The fluvial flood warning areas within the River Ouse catchment are:  

1. 

2. 

3. 

4. 

5. 

6. 

7.  

Scrase Bridge Stream at Lindfield. River 

Uck from Buxted to Isfield.  
River Ouse from Lindfield to Isfield. River 

Ouse from Isfield to Barcombe.  
River Ouse from downstream of Barcombe to Lewes. 

River Ouse from downstream of Lewes to Newhaven. 

Winterbourne Stream in Lewes.  

From the above list, only areas 1 and 2 are outside Lewes District.  
Flood Wardens play an essential role in the community by promoting awareness of flood risk;  
making the necessary local arrangements for flood emergencies; and assisting the emergency 
services when required.  
The Lewes Flood Warden Network acts as a focus for community self-help during flood  
emergencies. The Flood Wardens are volunteers who are based locally and with essential  
general knowledge of the area. The town of Lewes is organised into eleven sectors, each with 
its own co-ordinator and several wardens, who have their own "beat" of around 20-30 houses.  
The Flood Warden Network is supported by the authorities, who provide the required support to 
those involved.  
A series of Flood Plans are produced on a local basis to provide a framework for the co-  
ordinated inter-agency response to flooding or the threat of flooding in the area. The only areas  
within Lewes District with a formulated Flood Plan are Lewes Town and Seahaven. Details of  
the recognised flood risk sectors in these two areas of Lewes District are included below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Lewes Flood Plan  
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