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INTRODUCTION 

WSP were commissioned by Mid Devon District Council (MDDC) to undertake a Strategic Flood Risk 

Assessment (SFRA) for the proposed development of East Cullompton and Culm Garden Village. 

In support of the SFRA, hydraulic modelling was carried out to inform the understanding of fluvial and 

surface water flood risk to the development, and to aid in the development of flood risk management policy. 

The basis of this modelling was a HEC-RAS 2D model which had been developed by JBA as part of the 

Connecting the Culm study. This broadscale model has been refined and updated with regard to detail in 

the key area of interest for the SFRA. 

This technical note forms an appendix to the SFRA and details the source of existing modelling data, 

updates that were made specific to the SFRA, details of scenarios simulated, and an overview of further 

wider scale interventions that were considered. 

HYDRAULIC MODELLING 

Existing modelling 

As part of the Connecting the Culm project, JBA had undertaken hydraulic modelling of the Culm 

catchment. The model is a broad-scale direct rainfall and losses model, developed in HEC-RAS 2D. The 

intention is for the model to be used to aid in understanding how the whole catchment broadly responds to 

different flood events or changes to land-use or landform. 

Details of this model can be found in Technical User Guide for the Culm Whole Catchment Model, JBA, 

May 2020 which is appended to this document. 

TOPOGRAPHY 

The topography is based on a composite of Environment Agency 0.5, 1 and 2m resolution LIDAR data. 

With the sub-grid sampling functionality within HEC-RAS 2D, the detail of this high-resolution dataset can 

be captured on a larger computational mesh. 

HYDROLOGY 

The main inflow to the model is direct rainfall, applied across the entire model domain.  

ReFH2.2 was used to generate design rainfall storm profiles from 1 in 1 to 1 in 1000year Return Period 

(RP) events. 

Baseflow was applied to an internal inflow boundary in the main river to represent. 
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STRUCTURES 

Structures are not included within the model, which is common in broadscale direct rainfall modelling. 

FLOOD DEFENCES 

No formal flood defences are included within the model, except where they are explicitly represented within 

the topography dataset, in which case they will be captured within the sampled model terrain, in line with 

the model resolution. 

Updates 

For continuity, the model as described above has been used with few changes to focus on detail which is 

relevant to the Culm Garden Village development. 

DRAINAGE FEATURES AND ROADS 

To represent flood routes through the area of interest, detailed Ordnance Survey mapping was used to 

identify and extract watercourse and drainage feature bank and centrelines. This data was digitised within 

HEC-RAS and used as breaklines in the generation of the model computational mesh. The use of 

breaklines, with a defined resolution parameter applied, causes the mesh to be generated with smaller 

elements at and around the breaklines. This increases the level of detail at which the topography dataset is 

sampled by the model, and enforces the position of this sampling, in this case defining watercourses and 

channels. 

Similarly, existing roads through the area of interest have been included within the model mesh using the 

same approach. 

MODEL RESOLUTION 

Detailed catchment analysis was carried out on the topography dataset to identify which areas flow through 

the area of interest. This allowed for a refinement of the model resolution to focus on areas which would 

impact the development site and allowing for an increase in resolution in areas outside of this. This aided in 

reducing model run times.  

A resolution adjacent to breaklines of 5m has been specified, increasing to 10m in the next line of cells. 

This extends to 50m further away from breaklines. The resolution in subcatchments of the Culm which do 

not directly affect the development area has been increased to 100m. 
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SCENARIOS 

Baseline 

A range of return periods have been simulated using the baseline model, 1 in 5, 10, 30, 50, 75, 100, 200 

and 1000 years. 

In addition, climate change scenarios have been included based on current guidance. Rainfall inputs have 

been increased from the 100yr input to include 46% and 61% allowances for climate change. For large 

rural catchments it is recommended to use the peak river flow allowances (rather than increases in rainfall 

intensity), with both the central (46%) and higher central (61%) allowances, as detailed in the Environment 

Agency guidance1 considered as part of this study. 

Proposed scenarios tested 

The same range of return periods have been considered, where appropriate, for the scenario testing. This 

was mainly focussed on whether large scale interventions in the upper reaches of the subcatchments 

feeding the development area would be successful at reducing the risk of flooding to the site. 

These are described in the following pages. 

 
1 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances  

https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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SCENARIO 1 

Embankment/wall cut off for flow routes crossing Dead Lane adjacent to intersection with Long Drag 

 

Figure 1 - Mitigation scenario 1 
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SCENARIO 2 

Cut off wall/embankment along south side of watercourse south of long drag, crossing Horn Road 

 

Figure 2 - Mitigation scenario 2 
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SCENARIO 3 

Cut off along key flood flow path from River Ken left bank 

 

Figure 3 - Mitigation scenario 3 
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SCENARIO 4 

Increase in floodplain roughness to represent additional storage/attenuation in fields north of Long Drag 

 

Figure 4 - Mitigation scenario 4 

SCENARIO 5 

Combination of scenarios 1, 2 and 3 
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SCENARIO 6 

Cut off wall and drainage channel intercepting River Ken north of Long Drag and encouraging drainage to 

watercourse crossing Horn Road 

 

Figure 5 - Mitigation scenario 6 
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SCENARIO 7 

New watercourse extending from Long Drag in the north to join River Ken upstream of Brunel Road 

 

Figure 6 - Mitigation scenario 7 
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SCENARIO 8 

Removal of raised bank areas adjacent to key watercourses 

 

Figure 7 - Mitigation scenario 8 

MODEL FINDINGS AND CONCLUSIONS 

The hydraulic modelling results generally agree with the fluvial Flood Zones, shown on the Flood Map for 

Planning2 (as with the Flood Risk from Surface Water maps3), however with the level of flooding reduced, 

particularly in the wider floodplain areas of the main River Ken channel. This suggests that the current 

Flood Map for Planning may be conservatively overestimating the flood risk slightly through this area, 

 
2 https://flood-map-for-planning.service.gov.uk/  
3 https://check-long-term-flood-risk.service.gov.uk/map  

https://flood-map-for-planning.service.gov.uk/
https://check-long-term-flood-risk.service.gov.uk/map
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particularly on the edges of the floodplain.  This overestimate is understandable due to the complexity of 

the watercourse and flood risk in the study area and because this area has not previously benefitted from 

the higher resolution of modelling that is being carried out for this SFRA. This, therefore, opens an 

opportunity to utilise the areas adjacent to the flood model results for potential additional floodplain storage 

and sustainable drainage features. The comparison of model results can be seen in Figure 9 and Figure 

10.  

For the main drainage channels through the Culm Garden Village and wider opportunity area, the Flood 

Zones and the model results are in close agreement. There are some locations where the modelling is 

showing some additional / wider areas of flooding e.g. coming off the central flow route through the Culm 

Garden Village. These areas are not all currently included within the fluvial modelling for the Flood Zones 

and so were previously represented in the Flood Zones by engineering judgement from the Environment 

Agency. This therefore confirms the need for their inclusion in the Flood Zones. The extents are however 

small and so it is considered that the flood risk associated with these channels can be managed as part of 

the development via formalising and improving the drainage ditches through the area.  

In comparison with the Flood Risk from Surface Water maps, the model results show considerable 

agreement in overland flow routes and extents, however the additional detail in the updated model allows 

for greater representation of flow routes, particularly in small drainage channels and key roads. As a result, 

there is some deviation from the Flood Risk from Surface Water maps, with the model results showing 

slightly less flooding overall. Typically, this will be as a result of improved representation of channel 

capacity in comparison to the Flood Risk from Surface Water modelling. 

The hydraulic model was also utilised to test the concept of a number of interventions to try and help 

reduce the downstream flood risk and therefore provide betterment as part of the development. These 

options included the use of barriers / walls and storage areas. Generally, the options had minimal impact on 

the wider flood risk as they only impacted on a small proportion of the catchment.  

Close inspection of the model results, and detailed sub-catchment analysis, suggest that these have a 

lower impact than might be suspected for a number of reasons. Catchment topography is chief among 

these. While the main river channels are well defined and have significant catchment areas, there are many 

disconnected sub-catchments with accumulated flows not becoming significant until they reach the main 

river channel. This means that there are many sub-catchments which bypass the locations identified as 

potentials for large scale interventions, minimising the impact of the intervention. 

The historical creation and modification of drainage channels adds to the issues here, diverting flows under 

low flow conditions, but in some cases splitting or interfering with natural flow paths. There is therefore 

more confidence in the flow paths for the larger flood events, where these modifications to the channels 

have less impact as water has exceeded the channels and so is flowing more naturally across the 

floodplain. 
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The outputs do indicate that there could be some benefit to wider scale interventions of this type, along with 

upstream natural flood risk management measures, which is also demonstrated in the Connecting the Culm 

outputs. These could be considered as added benefits as and when they are applied, but management of 

flood risk for the Culm Garden VIllage cannot be determined based on these inclusions 
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Figure 8 - SFRA direct rainfall hydraulic model results 
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Figure 9 - Flood Zone 2 with SFRA Q1000 model results 
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Figure 10 - Flood Zone 3 with SFRA Q100 model results 


