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1. Introduction 

1.1 Background 

Jacobs have been commissioned by the Environment Agency to prepare a Flood Risk Assessment for the 

proposed Lower Otter Restoration Project (LORP). This flood risk assessment supports the planning 

application for the LORP, proposed by the Environment Agency (EA).  

Implementing the LORP will enable the Environment Agency to meet its statutory requirement to 

compensate for the loss of intertidal habitat within the Exe Estuary Special Protection Area (SPA). These 

losses result from the proposed flood and coastal risk management activities outlined in the Exe Estuary 

Flood and Coastal Erosion Risk Management Strategy (May 2014), which cause coastal squeeze and the 

direct loss of habitat caused by the footprint of new defences. 

This FRA builds upon and supersedes the CH2M pre-planning Flood Risk Assessment dated August 2018. 

Comments received from the Environment Agency on the pre-planning FRA have been incorporated into this 

FRA. 

Whilst the LORP is being brought forward by the Environment Agency, the land on which the project is 

proposed is largely owned by Clinton Devon Estates, who have been engaged in the development of the 

project throughout. 

1.2 Aims and Objectives 

The aim of this FRA is to provide a complete assessment of flood risk to and arising from the LORP and 

discuss any measures incorporated in the scheme (where necessary) to mitigate any unacceptable 

consequences of the proposed development on flood risk. 

To achieve this aim the following activities have been completed: 

• Review national and local planning policy and guidance insofar as it is relevant to flood risk and the 

LORP;  

• Consult with local flood Risk Management Authorities (RMAs) to obtain any details they hold in the 

vicinity of the LORP that are significant in the assessment of flood risk;  

• Identify flood receptors within the LORP application and/or Flood Zone 2 (plus a 100m buffer) and 

identify the nature of the potential impact; 

• Assess flood risk to and arising from the LORP for all flood sources, including development of a 2-

dimensional project specific hydraulic model of the Lower Otter Estuary within which the LORP is 

located, including consideration of; 

o fluvial events with annual exceedance probabilities of 1% (1 in 100) and 0.1% (1 in 1,000-

year) for present day scenarios, and 1% with an allowance for climate change; 

o tidal events with an annual exceedance probability of the 0.5% (1 in 200) and 0.1% (1 in 

1,000-year for present day scenarios, and 2% with an allowance for climate change; 

o a standard spring-neap tide cycle; and, 

• Identify areas of potential erosion risk associated with reinstating the estuary; and,  



Flood Risk Assessment 
 

 

 

ENVIMSW002045-CH2-000-000-RP-HY-0001  5 

• Identify measures to mitigate unacceptable consequences of flooding and erosion arising from the 

LORP. 

1.3 Report Synopsis  

Section 2 of this FRA provides a description of the site of the LORP, whilst the description of the scheme 

is provided in Section 3 along with the identification of potential receptors.  

Sections 4 and 5 present the legislative context relevant to the LORP and a summary of the information 

provided by local consultees/stakeholders.  

Section 6 provides the assessment of flood risk to and arising from the LORP. This section also provides a 

summary of the hydraulic modelling completed to support the assessment of flood risk.  

Section 7 identifies areas of the Lower Otter valley that could be exposed to erosion risk as a 

consequence of the proposed LORP scheme. 

Section 8 describes the measures proposed to mitigate unacceptable flood and erosion risks and 

presents the assessment of residual risks arising from the Proposed Development.  

Finally, Section 9 presents the conclusions of the FRA. 
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2. Site Setting 

2.1 Site Location  

The area of interest for the LORP is the lower River Otter valley within the historic floodplain between the 

village of Otterton and the coast. The mouth and estuary of the River Otter is located directly east of Budleigh 

Salterton (see Figure 2.1) and approximately 8km east of the Exe Estuary. 

2.2 Description 

Figure 2.1 shows the project area. Key features are summarised in Table 2.2. 

The development site includes the existing tidal Otter Estuary Nature Reserve and parts of the natural River 

Otter floodplain given over to agriculture and protected from normal fluvial and tidal flooding by 

embankments. The embankments are referred to as Little Bank and Big Bank to the north, and the River Otter 

embankment (carrying the South West Coastal path) towards the south.   

Little Bank from the farm access near Frogmore Road Pumping Station through to where it meets the 

concrete spillway is at a minimum elevation of 3.4mAOD. The concrete spillway has a crest level of 3.3mAOD 

with ground levels to the east (River Otter) of 2.7mAOD and west (Bicton Brook) of 3.5mAOD. Little Bank 

then continues towards the River Otter. Bicton Brook is culverted through Little Bank. 

Big Bank runs from a farm access to the south of Pulhayes Farm (SY 07222 83959) towards the Budleigh 

Brook aqueduct and meeting the public footpath. Big Bank has an approximate elevation of 3.3mAOD and 

carries a farm access track. Bicton Brook is again culverted through Big Bank (near the farm access, where it 

forms the head of the Trunk Drain. 

The River Otter embankment extends from Lime Kiln car park in the south, to White Bridge and then extends 

further north beside the River Otter. The embankment has a minimum crest level of 3.2mAOD, and a 

maximum of 3.8mAOD. 

The area protected by embankments is referred to as Little Marsh (between Little Bank to the north and Big 

Bank to the south), Northern Big Marsh (between Big Bank to the north and South Farm Road to the south) 

and Southern Big Marsh (south of South Farm Road and a historic landfill site). Ground levels across these 

areas are: 

• Little Marsh: 1.5mAOD – 3.5mAOD; 

• Northern Big Marsh: 0.5mAOD - 1.5mAOD; and, 

• Southern Big Marsh: 0.8mAOD – 1.5mAOD. 

All of the marshes lie at a lower elevation than adjacent areas of the River Otter floodplain that lie to the east 

of the embankments (i.e. have good connectivity to the river) and lower than the bed of the River Otter (i.e. 

River Otter is perched relative to the marshes). 

The Otter Estuary Nature Reserve is characterized by intertidal habitat (mud flats and salt marsh). The reserve 

covers the southernmost reach of the River Otter (adjacent to Southern Big Marsh). Ground levels across the 

reserve range from 1.5mAOD to 3.2mAOD, approximately 0.7 to 0.8m higher than Southern Big Marsh. 

South Farm Road, running east west, bisects the project area crossing the River Otter via White Bridge. White 

Bridge has a deck level of 3.9mAOD and a soffit level of 2.7mAOD. South Farm Road rises up to meet White 

Bridge, otherwise traversing the project area with a minimum level of 1.3mAOD. 
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A historic landfill site lies to the south of South Farm Road occupying an approximately 52,500m² triangular 

area in the north east of Southern Big Marsh. Elevations across the historic landfill vary considerably rising 

out of Southern Big Marsh at minimum of 1.2mAOD to a maximum of 5mAOD. 

The Budleigh Salterton spit separates the Otter Estuary from the sea. The spit has an average elevation of 

between 4.5mAOD and 6mAOD and is formed predominately of pebbles and cobbles. The spit extends from 

Budleigh Salterton towards Otterton Ledge in the west, almost forming a bar across the Otter Estuary 

reducing the mouth of the River Otter to less than 10m at mean lower water. 

The statutory environmental designations covering the development site include the Otter Estuary Site of 

Special Scientific Interest (SSSI) and Otter Estuary Marine Conservation Zone (MCZ). Non-statutory 

designations include the Otter Meadows County Wildlife Site and Otterton Park Unconfirmed Wildlife Site. 

More details and maps of these designations are provided in Chapter 8 (Biodiversity) of the Environmental 

Statement. The spit and coastline form part of the Devon and East Dorset UNESCO World Heritage Site as 

discussed in Chapter 13 (World Heritage Site) of the Environmental Statement. 

In addition to the environmentally designated areas which may be impacted by the scheme there are 

footpaths, infrastructure and adjacent urban areas which may also be affected by changes in flood risk. These 

include: 

• Properties and the highway at Granary Lane, in the south east of Budleigh Salterton. The surface 

water drainage system for this area discharges to Trunk Drain.    

• Properties at the western end of South Farm Road, located adjacent to the Kersbrook Brook, which 

drains into Trunk Drain. 

• Properties, the highway and infrastructure at Frogmore Road, located adjacent to the north west 

edge of the site. 

• East Budleigh Pumping Station, located adjacent to Little Bank on the western edge of the floodplain. 

• Lime Kiln Car Park and Pumping Station, located in the south west corner of the site, immediately to 

the north of the Spit. 

• Pulhayes Farm, located to the south east of East Budleigh with access crossing the site. 

• South Farm, located close to the eastern edge of the site, south east of South Farm Road, with access 

crossing the site. 

• Utilities infrastructure crossing the site, including overhead cables and South West Water assets. 

• Numerous local footpaths which cross the site. 

2.3 Hydrology 

The River Otter rises at approximately 300mAOD on the Blackdown Hills and runs in a south-westerly 

direction past Honiton, Ottery St Mary, Newton Poppleford and Otterton until it reaches the sea near 

Budleigh Salterton. It has several tributaries including the River Tale, River Love and River Wolf. The 

catchment area upstream of the northern boundary of the planning application site encompasses 220 km2. 

The catchment is essentially rural and of high conservation value. There are two Areas of Outstanding Natural 

Beauty (AONB) in the catchment; the Blackdown Hills AONB and East Devon AONB. The catchment contains 

some heathland, woodland, pasture and agriculture. 
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The Blackdown Hills are formed of Greensand and Gault Clay, predominantly Keuper sandstones and marls. 

The Permo-Triassic mudstones, sandstones and pebble beds lying beneath the Otter catchment lead to 

significant surface runoff. Downstream of Fenny Bridges the river is underlain by the Otter Sandstone which 

contributes significantly to river baseflow. The river responds rapidly to rainfall, and floods are characterised 

by a very rapid rise and fall in water levels, with high flood peaks (Otter and Axe – East Devon CFMP, 

Environment Agency, 2012). 

Annual precipitation varies with topography; the Blackdown Hills has an average rainfall of approximately 

1040mm per annum, falling to approximately 800mm per annum towards to coast.  

There are three fluvial flow gauges in the Otter catchment, listed in Table 2.1.   

Table 2.1: Flow Gauging Stations in the Otter Catchment 

NRFA 

Number 

Name Grid 

Reference 

Period of 

Record 

Catchment 

Area (km2) 

45008 Otter at Fenny Bridges SY 114985 01/1974 to 

date 

54.7 

45013 Tale at Fairmile SY 088971 01/1978 to 

date 
34.4 

45005 Otter at Dotton SY 086884 09/1962 to 

date 

202.5 
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Figure 2.1: Overview Existing Condition 
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Table 2.2: LORP Overview 

Lower Otter Restoration Project Summary Overview 

Environment Agency Flood Risk Management 

Services flood area 

East Devon Catchment Flood Management Plan 

Fluvial flood zone Largely Flood Zone 3, with elements in Flood Zones 

1 and 2 

Grid reference of centre of site SY 072 830 (near South Farm Road) 

Embankments (with lengths) River Otter Embankment (1.9km) 

Little Bank (0.7km) 

Big Bank (0.4km) 

Granary Lane (0.1km) 

Local Planning Authority East Devon District Council 

Size of planning application site (hectare) 138 

Approximate size of 

principal existing 

site components 

(hectare) 

Little Marsh 

Northern Big Marsh  

Southern Big Marsh 

Estuary  

Landfill 

11 

29 

18 

24  

4.5 

Elevation (mAOD) Little Marsh 1.5 – 3.5 

Northern Big Marsh 0.5 – 1.5 

Southern Big Marsh 0.8 – 1.5 

Otter Estuary 

(mudflats/saltmarshes)  

1.5 – 2.3 

Historic Landfill 1.2 - 5 

Little Bank and spillway 3.4 – 3.8 bank; 3.3 spillway 

Big Bank 3.3 – 3.4 

Otter embankment 3.2 – 3.6 

South Farm Road 1.3 at lowest point 

Granary Lane Embankment 3.6 

White Bridge 3.9 deck; 2.7 soffit 

Current land use Little Marsh, (Northern/ 

Southern) Big Marsh and 

land north of Little Bank 

Primarily farmland – grazing 

 

Historic Landfill south of 

South Farm Road 

Woodland / scrub 

Otter Estuary Nature Reserve 

Public Rights of Way (PRoW) 

(listed in Table 3.1) 

Amenity 

Access Adopted highway Sleap Hill/Fore Street from the B3178 to Otterton 

at northern site limit 

South Farm Road from the B3178  

Granary Lane/Salting Hill to the Lime Kiln Car Park 

Public Rights of Way (PRoW) 

(listed in Table 3.1) 

South West Coast Path 

Network of local footpaths 
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The key catchment descriptors for the Otter at Dotton Gauging Station (Station No 45005) are shown in 

Table 2.3. 

Table 2.3: River Otter at Dotton Catchment Descriptors 

Catchment 

Descriptor 

Value 

BFIHOST 0.55 

BFI from gauged data 0.53 

DPSBAR (m/km) 85 

FARL  0.996 

SAAR (mm) 971 

URBEXT2000 0.024 

The catchment descriptors in Table 2.3 indicate that the catchment upstream of Dotton is relatively 

impermeable (BFI<0.65). However, permeability of the catchment is known to increase further downstream 

with more permeable ground conditions at the LORP site itself (refer to Section 2.4). The upstream 

catchment gradient is relatively shallow with a DPSBAR of 85m/km. The FARL value is close to 1 indicating 

that there are no lakes or reservoirs in the upper catchment that would be expected to significantly attenuate 

flow in the River Otter. 

As the River Otter flows through/past the site it is perched above a relatively low lying wide natural floodplain 

on the right bank. The existing Lower Otter flood defences prevent fluvial flows into the floodplain except in 

very large events, when the embankments are overtopped.  The channel banks are steep sided for most of 

this reach. There are marginal bars of mixed sands and gravels, and areas of channel bank erosion, mainly 

formed from flooding/overtopping pathways and material being winnowed away during overtopping.  

The historic landfill site to the south of South Farm Road is largely vegetated with scrub vegetation and 

grasses, and on the east side of the river, the vegetation comprises largely grasses and reeds, forming the 

riparian zone.  Downstream of South Farm Road the river channel is wide and largely straight. 

The River Otter is a designated Main River from the estuary upstream to its confluence with the River Love.  

There are three small watercourses within the project area:  

1) Bicton Brook (ordinary watercourse) is a small river that springs in Bicton Park (north west of Otterton). 

It joins the River Otter floodplain near Otterton and remains in a separate channel broadly parallel to 

and approximately 200m away from the Otter. It flows into the Trunk Drain.  

2) Budleigh Brook joins the River Otter near East Budleigh. The downstream 2.3km long reach of Budleigh 

Brook is designated Main River. It flows into the River Otter via an aqueduct which carries the flow across 

(above) Little Marsh. During high flows, the discharge may exceed the aqueduct capacity, and spills 

directly into Little Marsh. The spilled runoff drains into the floodplain of the River Otter, eventually 

draining to the sea via Bicton Brook and the Trunk Drain.  

3) The Kersbrook (ordinary watercourse) is a small tributary of the Otter which discharges into the Trunk 

Drain. The Kersbrook drains a catchment of approximately 1.7km². The brook is culverted beneath the 

B3178 and South Farm Road before flowing parallel to South Farm Road (on the southern side) to 

discharge into the Trunk Drain. 

Bicton Brook flows into a man-made channel (the Trunk Drain) that extends along most of the western 

perimeter of the LORP area / historic River Otter floodplain. The Trunk Drain begins close to Pulhayes Farm 

and discharges to the sea via a penstock-controlled culvert and outfall in Budleigh Salterton beach. There is 
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an additional high-level carrier drain which runs parallel to the Trunk Drain into which water was previously 

pumped from the lower level and cross-drains. 

The Eastern part of Budleigh Salterton contributes surface runoff (and sewer overflows) to the Trunk Drain. 

The locations of the South West Water outfalls are shown on in section 6.3.  
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2.4 Geology and Hydrogeology 

The LORP site is situated on Triassic sedimentary bedrock (Helsby Sandstone Formation), classed as a 

Principal Aquifer. However, in the historic Otter Estuary/floodplain the Sandstone is overlain by superficial 

deposits, see Figure 2.2. These deposits, typically 5-10m thick, include alluvium (clay, silt, sand and gravel), 

saltmarsh and tidal creek deposits (mainly silt and clay), and beach deposits (sand and gravel).  

South of South Farm Road, finer grained (silt and clay), less permeable deposits predominate, whereas north 

of South Farm Road, more permeable granular deposits are more dominant. This distribution will impact the 

potential rate of groundwater movement between the superficial deposits and deeper groundwater within 

the underlying sandstone.  

The high ground and cliffs surrounding the LORP site are exposed Helsby Sandstone Formation, in places 

overlain by Quaternary River Terrace Deposits (Sand and Gravel). Both the Sandstone and Terrace Deposits 

can be expected to be well drained. 

As described in Chapter 10 of the Environmental Statement, measured shallow groundwater levels (from the 

ground investigation) and modelled groundwater heads (from the Environment Agency regional 

groundwater model) imply an upward hydraulic gradient between the bedrock aquifer and the surface. This 

suggests that the valley is a discharge area for regional groundwater flow.   

A baseline groundwater conceptual site model has been developed which shows: 

• Shallow Superficial Deposits beneath the site are underlain by a great thickness (>150 m) of the Otter 

Sandstone aquifer.  

• South of South Farm Road, superficial deposits, up to 10 m thick, comprise thin, cohesive clays and silts (c. 

3 – 4 m) overlying coarser (non- cohesive) sands and gravels. There are other impersistent silt and clay 

layers at depth. 

• To the north of South Farm Road, the cohesive (Saltmarsh) deposits are much thinner (occasionally 0.5 m 

or less) and the coarser Beach or River Terrace Deposits (non-cohesive) are much closer to the surface 

• Regional groundwater flow is west to east / south eastward, mostly discharging to the Otter and its valley.  

• Over most of the site there appears to be an upward groundwater pressure from depth - both from the 

Budleigh Salterton Pebble Beds at greater depth, and between the Otter Sandstone aquifer and the 

overlying superficial deposits.   

• Further to the north of the site, there is evidence that there is a reversal of this gradient between the 

superficial deposits and the Otter Sandstone.  

• Evidence from the regional groundwater model and on-site monitoring suggests a length of the Otter 

“loses” to groundwater (from about 400m north of White Bridge) and adjacent to the closest SWW 

abstraction.   

• Evidence from the modelling data suggests that the Otterton sources draw water from the river (up to 45% 

under some conditions) to the north east extremity of the site 

• The modelling data also suggest a small proportion of the groundwater that supplies the Otterton 

boreholes originates from beneath the northern parts of the proposed scheme area (as broadly defined by 

the source protection zones)   

The dominantly east/southeast regional groundwater flows are affected by pumping from the three South 

West Water public water supply sources at Otterton (Bh1a and BH4) and at Kersbrook. The source protection 

zones (Zones II and III) for the Otterton wells intersect the LORP planning application site, see Figure 2.3. The 

source protection zone for the Kersbrook source is predominantly to the west, away from the scheme area. 
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The impact of the scheme on the source protection zones and groundwater abstractions are discussed in 

Section 6.4. 
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Figure 2.2: Geology (Bedrock and Superficial Deposits) 
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Figure 2.3: Source Protection Zones 
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3. Proposed Development 

The LORP will facilitate the creation of compensatory habitat that is necessary for the Environment Agency to 

be able to implement the recommendations of the Exe Estuary Flood and Coastal Erosion Risk Management 

Strategy (May, 2014), managing both existing flood defences and building new schemes.  

The area of interest for the estuary restoration scheme is the lower River Otter Valley within the historic 

floodplain between the village of Otterton and the coast. The site has been identified as suitable for creating 

mudflat and lower saltmarsh habitat and its location close to the Exe estuary will support the Natura 2000 

network.  The scheme will include the creation of: 

• 55ha of intertidal habitat (consisting of 28ha of mudflats and 27ha of transitional marsh and 

saltmarsh); 

• Approximately 2km length of tidal creek channel, connecting with an additional 6km of secondary 

tidal creeks; 

• 3ha of new grassland and woodland habitat on the historic landfill site; and 

• Additional new and improved habitats formed by infilling gaps in existing hedgerows, planting new 

hedgerow sections, new vegetation and woodland. 

3.1 Project Vision  

The project vision shared with the LORP Stakeholder Group is for “A healthy, sustainable Otter Estuary and 

river, well connected to its floodplain, with active natural processes and a range of typical habitats and 

species where flood risk is understood and managed in a coordinated way.  Access to a network of footpaths 

and trails is maintained and improved where appropriate and local landowners and communities are 

engaged in and supportive of management.” 

The LORP has worked with local people and partner organisations to explore how it can conserve and 

improve the River Otter to the south of Otterton, its estuary, and its immediate surroundings for future 

generations.  The project seeks to work with nature, rather than against it, to create a more sustainable way of 

managing an important site for wildlife and the public. 

The Environment Agency and Clinton Devon Estates have worked together to: 

• maintain and secure existing public footpaths where safe to do so, including part of the South West Coast 

Path; 

• secure vehicle access to residents and businesses along South Farm Road; 

• reconnect the river to its floodplain allowing it to flood and drain naturally; 

• stabilise the former domestic refuse tip to protect against future erosion; 

• find a more sustainable site for Budleigh Salterton Cricket Club which is less prone to flooding; 

• provide new education and interpretation facilities;  

• reinstate Budleigh Brook to a more naturalised morphology and remove the existing aqueduct; and, 

• work with tenant farmers to maintain access to farmland and continuance of agriculture. 

3.2 Development Description 

To achieve this vision and with due consideration to the environmental setting and aspirations and 

engineering requirements of the project, the principal components of the LORP comprise: 
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• Creating a 70m breach through the River Otter Estuary embankment near the Lime Kiln Car Park in 

Budleigh Salterton; 

• Providing a pedestrian footbridge over the 70m wide breach to maintain access to the South West Coast 

Path; 

• Creating a 200m wide breach in Little Bank and covering the existing spillway with earth; 

• Creating a 170m wide breach in Big Bank; 

• Reinstating the public footpaths through the breached Little Bank and Big Bank; 

• Realigning the Budleigh Brook and removing the aqueduct across Little Marsh; 

• Constructing a cattle crossing (bridge) for the realigned Budleigh Brook; 

• Raising and re-aligning South Farm Road, including installation of a 30m span highway bridge in the west 

of South Farm Road; and, 

• Partially removing the western portion of the landfill (on South Farm Road), additional fill material 

placed as cover over remaining landfill area and providing perimeter erosion protection. 

The outline design drawings (submitted with the planning application) describe these principal components 

of the LORP. 

To support the delivery of the LORP several existing services will also require consideration including 

protection, diversion or removal. 

3.3 Design Life 

The design life of the various components of the LORP varies from a few months (estuary features that are 

allowed to recover/evolve naturally) to 120 years (e.g. new South Farm Road bridge).  

The components of the project with the greatest design life (of at least 100 years) are: 

• the realigned South Farm Road; 

• the new South Farm Road highway bridge (120 years);  

• the new culvert beneath the disused railway/ farm access at SY 07503 84612; and, 

• the new pedestrian footbridge over the southern breach (120 years). 

3.4 Potential Receptors 

To identify receptors potentially impacted by the consequence of the LORP on flood risk, property and 

infrastructure within the LORP application boundary and/or Flood Zone 2 (whichever is greatest) plus a 

100m buffer have been selected. This includes all areas where there will be an increase in the extent of Flood 

Zone 2 with the scheme in place. 

Potential flood receptors within this area are listed in Table 3.1. The table defines the type of feature, its 

status following delivery of the LORP and where assessment of the potential impact the LORP could have on 

the receptor can be found in this FRA. Figure 3.1 illustrates the locations of the receptors. 

Despite the large area covered by the LORP, its predominately agricultural land use and sparse existing 

development results in a relatively small number of potential flood receptors. Particularly notable are the 

small number of more vulnerable land uses (residential dwellings) – there are 13no. locations where 

residential properties may be affected. There is also a relatively extensive network of Public Rights of Way 

(PRoWs) and South West Water assets. PRoWs are referenced by parish council and then sequentially. The 

LORP scheme spans the three parishes of Otterton (OT), Budleigh Salterton (BS) and East Budleigh (EB). The 

parish boundaries are shown as black dotted lines on the background map in Figure 3.1. The details of the 
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overhead Power and BT services are listed as receptors in Table 3.1.  The details of the South West Water 

services are listed as receptors in Table 3.1.
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Table 3.1: Potential Flood Receptors  

Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

Lime Kiln car park and 

playground 
1 Amenity asset SY 07280 82050  Retained Refer to Section 6.2 

SWW stormwater 

overflow pumping 

station adjacent to Lime 

Kiln car park 

2 Drainage Infrastructure SY 07240 82100 Retained Refer to Section 6.2 

Agricultural building 

close to properties at 

White Lodge 

3 Private Property SY 07705 85087 Retained Refer to Section 6.2 

Frogmore Road 4 Transport Infrastructure SY 07256 84444 Retained Refer to Section 6.2 

SWW Frogmore Road 

pumping station with 

tank 

5 Drainage Infrastructure SY 07383 84376 Retained Refer to Section 6.2 

Frogmore Road 

Electricity substation 

6 Electricity Infrastructure SY 07381 84397 Retained Refer to Section 6.2 

SWW Frogmore Road 

outfall to River Otter 
7 Drainage Infrastructure SY 07742 84193 Retained Refer to Section 6.2 

Budleigh Brook aqueduct 8 Drainage Infrastructure SY 07310 84184 and SY 

07386 84099 

Removed Not assessed further 

South Farm Road with 

White Bridge 

9 Transport Infrastructure SY 07500 83027 (at bridge) Road to be realigned and 

bridge on western end of 

site added; White Bridge 

to be retained 

Refer to Section 6.2 

Cricket club car park, 

pavilion and ancillary 

building 

10 Amenity asset SY 07259 82171 (pavilion) 

and SY 07332 82194 

(ancillary building) 

Removed Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

Rear garden of 94a 

Granary Lane 
11 Private Property SY 07126 82555 Retained Refer to Section 6.2 

South Farm/South Farm 

Court 

12 Private Property SY 07858 82795 Retained Refer to Section 6.2 

Otter Rise (South Farm 

Road) 

13 Private Property SY 07679 82999 Retained Refer to Section 6.2 

White Lodge and 

adjacent properties (off 

Fore Street, Otterton) 

14 Private Property SY 07696 85180 Retained Refer to Section 6.2 

Frogmore House and 

nearby properties 

(Frogmore Road) 

15 Private Property SY 07422 85148 Retained Refer to Section 6.2 

Meadow Cottage and 

nearby properties 

(Frogmore Road) 

16 Private Property SY 07272 84811 Retained Refer to Section 6.2 

Rose Cottage, Frogmore 

Road 
17 Private Property SY 07250 84633 Retained Refer to Section 6.2 

Syon Barn, Frogmore 

Road 

18 Private Property SY 07246 84445 Retained Refer to Section 6.2 

Pulhayes Farm and 

Petersfield 

19 Private Property SY 07098 84050 Retained Refer to Section 6.2 

Properties at Mill Roy 

(along B3178 East 

Budleigh Road) 

20 Private Property SY 06971 83813 Retained Refer to Section 6.2 

3No; South Farm 

Cottages, along South 

Farm Road  

21 Private Property SY 07007 83016 Retained Refer to Section 6.3 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

Properties along Granary 

Lane, Budleigh Salterton 
22 Private Property SY 07129 82281 Retained Refer to Section 6.3 

Otterton 1 (OT-1) OT-1 Public Right of Way SY 07406 82690, SY 07888 

85259 

Partially removed section 

(south of landfill) 

Refer to Section 6.2 

Otterton 1a (OT-1a) OT-1a Public Right of Way SY 07669 84121, SY 07593 

84341 

Retained, lowered & 

protected 

Refer to Section 6.2 

Otterton 1b (OT-1b) OT-1b Public Right of Way SY 07529 83912, SY 07429 

84032 

Retained, lowered & 

protected 

Refer to Section 6.2 

Otterton 2 (OT-2) OT-2 Public Right of Way SY 07610 83072, SY 07174 

83021 

Retained, raised on new 

highway 

Refer to Section 6.2 

Otterton 10 (OT-10) OT-10 Public Right of Way SY 08092 82141, SY 07610 

83072 
Retained Not assessed further; 

footpath above 

maximum elevation 

of change 

Budleigh Salterton 12 

(BS-12) 

BS-12 Public Right of Way SY 07202 82147, SY 07102 

82803 

Retained, raised (by FAB-

Link project) 

Refer to Section 6.2 

Budleigh Salterton 30 

(BS-30) 

BS-30 Public Right of Way SY 07648 81944, SY 06859 

81927 

Retained, shortened Refer to Section 6.2 

Budleigh Salterton 35 

(BS-35) 

BS-35 Public Right of Way SY 07240 81982, SY 07179 

82144 

Retained Refer to Section 6.2 

East Budleigh 1 (EB-1) EB-1 Public Right of Way SY 07593 84341, SY 07259 

84441 

Retained, lowered & 

protected 
Refer to Section 6.2 

East Budleigh 1a (EB-1a) EB-1a Public Right of Way SY 07213 82930, SY 07109 

83022 

Removed (south of 

landfill) 

Refer to Section 6.2 

East Budleigh 2 (EB-2) EB-2 Public Right of Way SY 07213 82930, SY 07109 

83022 

Retained with bridge over 

southern breach 
Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

East Budleigh 3 (EB-3) EB-3 Public Right of Way SY 07102 82803, SY 07429 

84032 

Retained, majority raised. 

Small section at Big Bank 

lowered & protected 

Refer to Section 6.2 

East Budleigh 16 (EB-16) EB-16 Public Right of Way SY 07174 83021, SY 06948 

82995 

Retained, raised on new 

highway 

Refer to Section 6.2 

Overhead Power line 

following South Farm 

Road 

- Electricity Infrastructure See feature description Removed, diverted 

underground 
Not assessed further 

Overhead Power line 

following PRoW Budleigh 

Salterton 12 

- Electricity Infrastructure See feature description Removed, diverted 

underground 

Not assessed further 

Overhead Power line 

following PRoW East 

Budleigh 3 

- Electricity Infrastructure See feature description Removed, diverted 

underground 
Not assessed further 

Overhead Telecoms line 

following South Farm 

Road 

- Communications 

Infrastructure 

See feature description Removed, diverted 

underground 

Not assessed further 

Overhead Power line east 

of Pulhayes Farm 

A Electricity Infrastructure SY 07379 84305 Retained Refer to Section 6.2 

Water distribution pipe 

(unknown diameter) 

passing through the 

disused railway culvert 

before running east 

through the floodplain 

area, beneath Little Bank 

and The River Otter 

B Water Distribution 

Infrastructure 

SY 07479 84264 Retained, with potential 

protection measures 

Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

Rising main (unknown 

diameter) originating at 

the SWW Frogmore Road 

Sewage Pumping Station 

passing through the 

disused railway culvert 

before running east 

through the floodplain 

area, beneath Little Bank 

and The River Otter 

C Drainage Infrastructure SY 07479 84264 Retained, with potential 

protection measures 
Refer to Section 6.2 

300mm diameter 

overflow pipe (gravity) 

originating at the SWW 

Frogmore Road Sewage 

Pumping Station running 

along the alignment of 

Little Bank to discharge 

into the River Otter 15m 

south of Clamour (foot) 

Bridge 

D Drainage Infrastructure SY 07742 84193 (Outfall 

location) 

Retained, 

diverted/protected 

Refer to Section 6.2 

Frogmore Road land 

drain (accommodating 

emergency overflow 

from storm tank) 

E Drainage Infrastructure SY 07372 84370 Retained Refer to Section 6.2 

Trunk pipe (unknown 

diameter) crossing 

Budleigh Brook running 

north east (west of the 

Frogmore Road pumping 

Station) 

F Drainage Infrastructure SY 07233 84348 Retained (buried) Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

Untreated sewer pipe 

(unknown diameter) in 

the field near Pulhayes 

Farm, outfall into 

Budleigh Brook 

G Drainage Infrastructure SY 07315 84181 Retained (buried) Refer to Section 6.2 

250mm diameter Ductile 

Iron combined sewer 

pipe, running north to 

south through the 

floodplain, then joining 

Lime Kiln pumping 

station 

H Drainage Infrastructure SY 07224 82526 Retained (buried) Refer to Section 6.2 

225mm diameter precast 

concrete combined 

sewer outfall (ref 1701) 

to the trunk drain near 

the rear of property No. 

104 Granary Lane 

I Drainage Infrastructure SY 07106 82738 Retained Refer to Section 6.2 

225mm diameter 

vitrified clay surface 

water outfall (ref 1501) 

to the trunk drain near 

the rear of property No. 

94a Granary Lane 

J Drainage Infrastructure SY 07142 82565 Retained Refer to Section 6.2 

550mm diameter precast 

concrete pipe 

foul/combined sewer to 

outfall (ref 1203) with an 

invert level of approx. 

2.70mAOD 

K Drainage Infrastructure SY 07221 82117 Retained Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

300mm diameter precast 

concrete surface water 

outfall (ref 1206) to the 

trunk drain 

L Drainage Infrastructure SY 07181 82282 Retained Refer to Section 6.2 

300mm diameter 

Vitrified clay surface 

water outfall (ref 2201) 

to trunk drain, near the 

rear of property No. 2 

Granary Lane 

M Drainage Infrastructure SY 07204 82193 Retained Refer to Section 6.2 

450mm diameter rising 

main extending from 

Granary Lane, running 

east before turning south 

to the pumping station in 

Lime Kiln Car Park 

N Drainage Infrastructure SY 07190 82141 Retained (buried) Refer to Section 6.2 

600mm diameter 

emergency outfall from 

Lime Kiln Car Park 

Pumping Station to 

Trunk Drain (ref 2104) 

O Drainage Infrastructure SY 07216 82123 Retained Refer to Section 6.2 

225mm diameter 

vitrified clay surface 

water drain to outfall (ref 

2006) into trunk drain 

(near Lime Kiln car park), 

P Drainage Infrastructure SY 07217 82077 Retained Refer to Section 6.2 
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Feature Figure 

Reference 

Type NGR Status with LORP Assessed 

450mm diameter pump 

station overflow pipe, 

extending from a 

manhole chamber within 

the eastern end of the 

Spit (exact location 

unknown), across the 

Otter Estuary to Otterton 

Point. 

Q Drainage Infrastructure SY 07700 81950 Removed and diverted Refer to Section 7 
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Figure 3.1: Potential LORP Receptors 
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4. UK Planning Policy / Guidance 

4.1 National Planning Policy Framework (NPPF) 

4.1.1 General 

The National Planning Policy Framework (MHCLG, updated 2019) requires that flood risk is taken into 

account at all stages of the planning process. The NPPF is supported by the online Planning Practice 

Guidance documents; the guidance document relevant to flood risk assessment is “Flood Risk and Coastal 

Change”1. 

The NPPF states that a site-specific flood risk assessment is required for: 

▪ all developments in Flood Zones 2 and 3; 

▪ developments in Flood Zone 1 on sites of 1 hectare or more; on land identified by the EA as having 

critical drainage problems; on land identified in a SFRA as being at increased flood risk in future; or land 

that may be subject to other sources of flooding, where its development would introduce a more 

vulnerable use. 

The fluvial/tidal flood zones are defined in Table 4.1, reproduced from Table 1 in the Flood Risk and Coastal 

Change Guidance (MHCLG 2014). 

Table 4.1: Fluvial/Tidal Flood Zones 

Flood 

Zone 

Probability 

Category 

Annual 

Exceedance 

Probability 

Description 

1 Low <0.1% Land having a less than 1 in 1,000 annual probability of river or sea 

flooding. (Shown as ‘clear’ on the Flood Map – all land outside Zones 2 

and 3) 

2 Medium 0.1% - 1% 

(fluvial) or 

0.1% - 0.5% 

(tidal) 

Land having between a 1 in 100 and 1 in 1,000 annual probability of 

river flooding; or land having between a 1 in 200 and 1 in 1,000 annual 

probability of sea flooding. (Land shown in light blue on the Flood 

Map) 

3a High  >1% (fluvial) 

or >0.5% 

(tidal) 

Land having a 1 in 100 or greater annual probability of river flooding; 

or Land having a 1 in 200 or greater annual probability of sea flooding. 

(Land shown in dark blue on the Flood Map) 

3b Functional 

Floodplain 

>1% (fluvial) 

or >0.5% 

(tidal) 

Land where water has to flow or be stored in times of flood. Local 

planning authorities should identify in their Strategic Flood Risk 

Assessments (SFRA) areas of functional floodplain and its boundaries 

accordingly, in agreement with the Environment Agency (Not 

separately distinguished from Zone 3a on the Flood Map). 

The East Devon SFRA of 2008 states: ”For this SFRA the EA used local 

knowledge to define the Functional Floodplain as being equivalent to 

Flood Zone 3a, except for certain areas which should be excluded. This 

is defined for eight priority areas: Ottery St Mary, Sidmouth, Seaton, 

Exmouth, Axminster, Honiton, Lympstone, Clyst St Mary.”  

As a consequence, all areas of the LORP in Flood Zone 3 (with a 1 in 

100 or greater annual probability of river flooding or a 1 in 200 or 

greater annual probability of flooding from the sea) should be 

considered to be Functional Floodplain. 

                                                             
1 https://www.gov.uk/guidance/flood-risk-and-coastal-change 

https://www.gov.uk/guidance/flood-risk-and-coastal-change
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Figure 4.1: Environment Agency Flood Map for Planning 

With a planning application area of 138ha across Flood Zones 1, 2 and 3 (Figure 4.1) an FRA is required for 

the LORP. 

4.1.2 Sequential Test 

The NPPF requires a risk-based sequential approach to determine the suitability of land for development. 

This should be applied at all stages of the planning process. The Sequential Test should be applied to 

demonstrate that there are no reasonably available sites in areas with a lower probability of flooding that 

would be appropriate for the type of development proposed. 

As the development seeks to create intertidal estuarine habitat, its presence within an area subject to tidal 

and fluvial flooding (and hence largely in Flood Zones 2 and 3) is an integral requirement. Consequently, the 

Sequential Test is considered to be satisfied as there are no locations within Flood Zones 1 or 2 suitable for 

this type of development. 

Implementing the LORP will allow the statutory requirement to compensate for habitat losses within the Exe 

Estuary SPA to be met by creating new intertidal habitat. These losses result from the flood and coastal risk 

management activities which cause a loss of habitat as a result of sea level rise and the footprint of new 

defences. 

The Exe Strategy included a ‘Statement of Case for Imperative Reasons of Overriding Public Interest (IROPI)’, 

which explained that the flood and coastal risk management projects are essential to safeguard the public 

and listed potential sites to compensate for the resulting intertidal habitat losses within the Exe Estuary 

catchment. 

A detailed EA investigation concluded in 2015 that habitat creation would not be feasible at the shortlisted 

sites within the Exe Estuary catchment (on the Rivers Clyst and Kenn), requiring a fresh look for alternative 

sites. No other suitable sites in or around the Exe Estuary were identified, so the search area was extended to 

include other locations. The Otter Estuary was identified as providing the best local opportunity to deliver 

compensatory habitat through managed realignment and the principle agreed with Natural England. 
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4.1.3 Flood Risk and Vulnerability 

The proposed development components (listed in Section 3.2) can be categorised as ‘flood control 

infrastructure’ and ‘amenity open space, nature conservation and biodiversity’, and therefore have the 

vulnerability classification of ‘water compatible’ as defined in Table 2 of the Flood Risk and Coastal Change 

Guidance (MHCLG 2014).  

In accordance with the NPPF (MHCLG 2019), as shown in Table 4.2 (reproduced from Table 3 of the Flood 

Risk and Coastal Change Guidance [MHCLG 2014]), water compatible development is appropriate in Flood 

Zones 1, 2 and 3. 

Table 4.2: Vulnerability Classification 

Flood Zone Flood Risk Vulnerability Classification 

 Essential 

infrastructure 

Highly 

vulnerable 

More 

vulnerable 

Less 

vulnerable 

Water 

compatible 

Flood Zone 1 ✓ ✓ ✓ ✓ ✓ 

Flood Zone 2 
✓ 

Exception Test 

required 
✓ ✓ ✓ 

Flood Zone 3a† Exception Test 

required  
✗ 

Exception Test 

required 
✓ ✓ 

Flood Zone 3b* Exception Test 

required  
✗ ✗ ✗ ✓ 

† In Flood Zone 3a essential infrastructure should be designed constructed to remain operational and safe in times of flood. 

* In Flood Zone 3b (functional floodplain) essential infrastructure that has to be there and has passed the Exception Test, and water-compatible uses, should be 

designed and constructed to: remain operational and safe for users in times of flood; result in no net loss of floodplain storage; not impede water flows and increase 

flood risk elsewhere.  

4.1.4 Exception Test 

As shown in Table 4.2, the NPPF does not require the Exception Test to be applied for water compatible 

developments.  

Notwithstanding this, the FRA needs to demonstrate that the proposed scheme will remain safe in times of 

flood, results in no net loss of floodplain storage and will not increase flood risk elsewhere. This is 

demonstrated in this FRA. 

4.2 Climate Change Allowances for Flood Risk Assessments 

In February 2016, the Environment Agency released ‘Flood risk assessments: climate change allowances’ 

guidance to support the NPPF (EA 2016). This was updated in March 2020. The following allowances are 

provided:  

- peak river flow  

- peak rainfall intensity 

- sea level rise 

- offshore wind speed and extreme wave height 
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4.2.1 Peak River Flow 

The climate change allowances for peak river flow in the South West River Basin District are shown in Table 

4.3. The guidance advises that for water compatible developments the central allowances can be applied for 

peak flow. However, it is noted that there are numerous potential receptors that are classified as more 

vulnerable. The Upper End allowance has therefore been considered in this Flood Risk Assessment, to provide 

a more precautionary assessment of the potential impacts of the development under projected climate 

change. 

Table 4.3: South West River Basin District Peak River Flow Allowances for Climate Change 

Allowance category 2015 - 2039 2040 - 2069 2070 - 2115 

Upper End 25% 40% 85% 

Higher Central 20% 30% 40% 

Central 10% 20% 30% 

For the assessment of flood risk completed for LORP a climate change allowance of 85% on peak river flow 

for all watercourses for the period 2070-2115 has been applied.  

4.2.2 Peak Rainfall Intensity 

Given the principal flood sources that the site is subjected to and the proposed development can influence 

(i.e. tidal and fluvial), modelling of surface water runoff has not been undertaken. Consequently, peak rainfall 

intensities have not been used for this assessment.  

For the assessment of risk from the proposed development to surface water outfalls and their corresponding 

catchments maximum flood depths within the scheme have been used to assess the likelihood of impacting 

the performance of drainage systems. During detailed design peak rainfall intensities (and depths) will be 

adjusted with the appropriate allowance for the period 2070-2115. 

4.2.3 Sea Level Allowance 

The sea level rise scenarios for the South West are shown in Table 4.4. The guidance advises that both of the 

two scenarios given should be considered in a Flood Risk Assessment to understand the range of impact. The 

guidance also advises consideration of whether the high++ (H++) extreme sea level rise scenario is 

appropriate. The guidance states: 

“High++ allowances only apply in assessments for developments that are very sensitive to flood risk, and with 

lifetimes beyond the end of the century. For example, infrastructure projects or developments that 

significantly change existing settlement patterns. This includes urban extensions and new settlements.” 

The proposed development is located in a predominantly rural area and will not result in, or require, a 

significant change to existing settlement patterns, therefore consideration of the H++ allowance is not 

required. 

Table 4.4: South West Sea Level Rise Allowances for Climate Change 

South West RBD 

Allowance 

2000 - 2035 

(mm/year) 

2036 - 2065 

(mm/year) 

2066 – 2095 

(mm/year) 

2096 – 2125 

(mm/year) 

Higher Central 5.8 8.8 11.7 13.1 

Upper End 7 11.4 16 18.4 
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Both of the allowances detailed in Table 4.4 have been modelled in separate scenarios by applying a tidal 

(head-time) downstream boundary to the model. This equates to an increase in sea level of 1.01m (higher 

central) and 1.35m (upper end) between a 2017 base year and 2117, calculated by summing the yearly 

allowances for each year between 2017 and 2117. 

4.2.4 Offshore wind speed and extreme wave height allowance 

Although allowances are available for offshore wind speed and extreme wave heights, these are not 

incorporated in the hydraulic model as they are considered to present a negligible potential to influence the 

model results due to the relatively sheltered position of the estuary behind Budleigh Salterton spit.  

Allowances for the effects of climate change on off-shore wind speed and wave heights have not been 

applied in this assessment.  

4.3 Local Planning Policy 

4.3.1 East Devon Local Plan 

In the district council’s Local Plan (East Devon 2016), which covers a large part of the Exe Estuary as well as 

the LORP scheme, the LORP site is allocated as Coastal Preservation Area (Strategy 44).  

Strategy 44 of the Local Plan states:  

“Strategy 44 - Undeveloped Coast and Coastal Preservation Area 

Land around the coast and estuaries of East Devon, as identified on the Proposals Map, is designated as a 

Coastal Preservation Area. Development or any change of use will not be allowed if it would damage the 

undeveloped/open status of the designated area or where visually connected to any adjoining areas. The 

coastal Preservation Area is defined on the basis of visual openness and views to and from the sea.” 

Strategy 44 is addressed in Chapter 11 (Landscape and Visual) of the Environmental Statement. 

Strategy 45 is also relevant to the LORP site in relation to flood risk and coastal erosion:  

“Strategy 45 - Coastal Erosion 

The Council will promote proposals for sustainable coastal change management such as improvements to 

coastal defences or managed realignment, where compatible with the most up-to-date Shoreline 

Management Plan or prevailing coastal strategy or plan and provided they would not have an unacceptable 

adverse economic, social or environmental impact, including an unacceptable detrimental visual impact on a 

protected landscape. 

To protect the integrity and outstanding universal value of the Dorset and East Devon World Heritage Site the 

natural processes that created it will be allowed to continue, unless the safety and economic well-being of 

any coastal community would be undermined, provided that the implications of this for the World Heritage 

Site have been fully considered. Where there is a conflict between allowing coastal erosion and protecting 

coastal communities from that erosion both interests will be recognised and wherever possible impacts will 

be mitigated where they arise.” 

The proposed LORP scheme is consistent with the strategies in the Local Plan with regard to flood risk and 

coastal erosion. 
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4.3.2 South Devon and Dorset Shoreline Management Plan 

A Shoreline Management Plan (SMP) provides a large-scale assessment of the risks associated with coastal 

evolution. It includes a policy framework to address these risks in a sustainable manner with respect to 

people and the developed, historic and natural environment. 

The SMP (version 2) for South Devon and Dorset (SDADCAG 2011) states in Section 4.1.8 (Chapter 4: 

Preferred Plan: Otterton Ledge to Straight Point): “This is a short stretch of shoreline lying between the 

headlands of Straight Point and Otterton Ledge and an important sediment feed from west to east exists 

which maintains the integrity of the spit at the mouth of the Otter Estuary. Although a naturally functioning 

coastal system is therefore a driver along this stretch, there is also a requirement for continued protection of 

Budleigh Salterton, a locally important tourist and service centre. The long term plan is therefore to defend 

the town but allow erosion of adjacent frontages to minimise impacts elsewhere. To the west of Budleigh 

Salterton, this plan may cause loss of some cliff top assets in the medium to long term, but will continue to 

provide sediment to the beaches fronting the rest of Budleigh Salterton towards the mouth of the Otter 

Estuary. Managed Realignment within the Otter Estuary itself offers habitat creation potential and may also 

be beneficial for reducing flood risk in other parts of the estuary.” 

The LORP scheme is discussed with regard to this plan in Chapter 10 (Water Resources) of the ES, which 

shows that the proposed LORP scheme is consistent with the preferred plan in the SMP2. 

4.3.3 Phase 1/Phase 2a Surface Water Management Plan (Jacobs, 2012-2013)  

Under the Flood & Water Management Act 2010, Devon County Council (DCC) is the Lead Local Flood 

Authority (LLFA) with responsibility for management of local flood risk in the vicinity of the LORP. Local 

flooding can be caused by: 

• intense rainfall before it enters a watercourse or sewer (pluvial flooding although often referred to as 

surface water flooding); 

• overland flow resulting from high groundwater levels (groundwater flooding); 

• exceedance of the capacity of the sewer network (sewer flooding); and 

• out of bank flow from (typically) small watercourses which are not designated by the Environment 

Agency as ‘Main River’ (fluvial flooding from ordinary watercourses). 

Therefore, whilst widely known as Surface Water Management Plans (SWMPs), they are increasingly seen as 

tools for the LLFA to manage all forms of “local flooding” in an area, and are considered as such in this case. 

The SWMP presents an action plan with recommendations for flood alleviation works in 15 urban areas 

across Devon. Two of these were in the River Otter catchment, namely Ottery St Mary and Feniton. However, 

these works are relatively small scale in response to flooding from small watercourses and surface runoff and 

far upstream from the LORP scheme. They are thus not expected to significantly affect the risk of flooding at 

the LORP. The area of the LORP is not identified as an area at risk of “local flooding” and no mitigation 

measures are proposed near the site.   

It can therefore be concluded that the LORP scheme neither supports nor detracts from the action plan 

presented in the SWMP. 

4.3.4 Strategic Flood Risk Assessment 

The East Devon SFRA (2008) provides recommendations for reducing flood risk: 

1. Where possible, identify long-term opportunities to remove development from the functional 

floodplain through land swapping; 
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2. Build resilience into a site’s design; 

3. Seek enhancement opportunities when renewing assets, e.g. deculverting, bioengineered river walls, 

raising bridge soffits to account for climate change; 

4. Avoid further culverting and building over culverts. All new developments with culverts running 

through their site should seek to deculvert rivers for flood risk management and conservation 

benefit; 

5. Seek to protect greenfield functional floodplain from further development and where possible 

reinstate areas of functional floodplain which have been developed; 

6. Seek to improve the emergency planning process using the outputs from the SFRA; 

7. Encourage all those within Flood Zone 3a and 3b to sign up to Floodline Warnings Direct service 

operated by the EA.  

 

The proposed LORP development implements most of these recommendations. The scheme involves 

returning agricultural land to functional floodplain (items 2 and 5) and removes the Budleigh Brook 

aqueduct. Whilst the scheme requires culverts on Bicton Brook where it passes beneath Little Bank and Big 

Bank, these will be substantially larger structures than are presently in place, improving conveyance and 

passage of animals (items 3, 4). The scheme will also involve raising South Farm Road, improving resilience 

and access to communities during flood events (item 2).  

Figure 3H in the SFRA (the relevant part of which is reproduced here as Figure 4.2) shows historic flooding 

incidents, notably in Budleigh Salterton, East Budleigh and Otterton. The source of these floods is not 

provided. 
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Figure 4.2: SFRA Flood Incidents (reproduced from East Devon SFRA, 2008) 

4.3.5 Section 19 Historic Flood Investigation Reports 

On their website (https://www.devon.gov.uk/floodriskmanagement/flood-investigations-reports-and-

studies/), Devon County Council has flood investigation reports for 10 events in the period from 2012 to 

January 2018. Three of these events affected the LORP area or the surrounding urban areas; these are 

discussed below. 

4.3.5.1 Summer 2012 

The flood investigation report for the Summer of 2012 (Devon County Council 2016a) discusses fluvial 

flooding affecting Budleigh Salterton, East Budleigh and Otterton: 

 “Over the weekend of 7th and 8th July 2012, the South Hams and East Devon regions experienced intense 

rainfall (…) resulting in the flooding of over 230 residential and commercial properties across Devon.” 

 “Budleigh Salterton experienced flooding to the Cricket Club and Granary Lane from the River Otter and the 

adjacent Ordinary Watercourse [the trunk drain]. 4 properties on Granary lane flooded internally and a further 

6 properties were affected as flood waters from the cricket ground were conveyed over the access track. Flood 

waters were reported to be 0.4m deep outside affected houses on Granary Lane and remained there for 12 to 

24 hours. Flood levels were reported as being similar to the flood event in October 2008 and similar locations 

in the village were affected by flooding. Fore Street flooded from a combination of ordinary watercourse and 

https://www.devon.gov.uk/floodriskmanagement/flood-investigations-reports-and-studies/
https://www.devon.gov.uk/floodriskmanagement/flood-investigations-reports-and-studies/
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surface water which affected the road and flooded 2 properties. In total, 12 properties were flooded in 

Budleigh Salterton.” 

“In East Budleigh flooding to the lower part of Frogmore Lane from the River Otter was noted to be similar if 

not quite as bad as 2008. No property flooding was reported in the main part of the village although there 

were a number of locations where there was significant surface water ponding on roads (particularly Lower 

Budleigh and Hayes Lane). 2 properties were affected by basement flooding but this caused minimal 

damage.” 

“1 property was flooded in Otterton and there was significant road flooding in and around the village.” 

“The evidence collected for this investigation shows that the main cause of flooding was from the main River 

Otter, its tributaries and surface water inputs.” 

4.3.5.2 November 2012 

The flood investigation report for the November 2012 floods (Devon 2016b) confirms that two properties on 

Granary Lane were flooded and Budleigh Salterton Cricket Club flooded up to the roof (as in July 2012). Five 

properties flooded in East Budleigh. Three properties flooded in Otterton. Flooding was reported from the 

River Otter, its tributaries and surface runoff. 

 “During the days of 20th to 25th November 2012, many areas across Devon experienced intense rainfall (…) 

resulting in the flooding of over 450 residential and commercial properties across Devon, mainly focused in 

the Mid and South of the County.” 

“In Budleigh Salterton, the Cricket club was reported to have flooded up to the roof (as in July 2012), in 

addition to the flooding of 2 properties in Granary Lane and a garage in Mimosa Court.”  

“Water was (…) reported to be coming up through the road drainage in Granary Lane. These drain into the 

stream through a flap valve but they need to be checked and maintained. Outside of Budleigh Salterton on 

Dalditch Lane, a property was reported to have flooded due to water backing up at a culvert under a bridge at 

Knowle. Devon Highways have previously dredged this to increase capacity to a certain extent. However, there 

are high voltage electric cables running underneath the river bed and so the work that can be done is very 

limited until more information is known about the exact depth and location of these. 1 property at Knowle 

Village was affected by surface water coming off the highway. However, it is not clear if the property suffered 

internal flooding. At Little Knowle on West Hill Lane, several gardens were flooded but no internal flooding 

was reported. In total 4 properties were flooded (including the Cricket Club building). Budleigh Salterton was 

affected in the July 2012 floods to a greater extent than in November. A number of actions were 

recommended that are being progressed, including investigating the issues and defence levels at Granary 

Lane.” 

“Following the flooding in East Budleigh on 24th November 2012, Environment Agency Reconnaissance 

Teams visited the village. Evidence was found of the East Budleigh Brook overtopping in Lower Budleigh and 

surface water coming down Middle Street and Brookfield Road. Water also came down from Budleigh Hill and 

joined the East Budleigh Brook flows, contributing to the flooding of 2 properties next to the river. In total, 5 

properties were flooded in East Budleigh, including a village pub.”  

“3 properties were flooded in the village of Otterton. Due to the restrictions caused by the low bridges, flood 

waters spilled out into Ottery Street, flowing down the main road flooding 1 property. Other properties both 

immediately upstream and downstream just escaped flooding. Surface water from Bell Street joined the flows 

from Ottery Street and ran into Fore Street. Water spilled out of the main flood channel flooding the road and 

flooded 1 property. Once again, many properties just escaped internal flooding. The area “The Green” was 

completely under water but fortunately property floor levels were raised and so no internal flooding occurred. 

1 additional property was flooded from both the River Otter and the Otterton Brook. (…) It was (…) reported 
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that fast flowing water was moving through the village on 21st and 24th of November (leaving) silt and mud 

on the roads” 

4.3.5.3 December 2013 - January 2014  

A flood investigation report on flooding in the winter of 2013-2014 (Devon 2014) confirmed another flood 

event at the Budleigh Salterton Cricket Club, but did not provide details on the source of flooding: 

“On 1st January 2014, 1 property was flooded on Exmouth Road due to surface water and spray from passing 

vehicles on the road contributing to the problem, where it was reported in one instance that water was sprayed 

over a 1.8m high fence. The Cricket Club pavilion was also flooded over the Christmas period.”  

4.3.5.4 Summary 

The Section 19 flood investigation reports demonstrate that there is an existing risk of flooding from the 

River Otter, perhaps exacerbated by the tide in some places. The LORP provides an opportunity to reduce the 

risk of fluvial flooding by increasing the size of the fluvial floodplain. In any case, it needs to be demonstrated 

that the scheme does not exacerbate flooding from this source. 
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5. Stakeholder Consultation 

The LORP site is wholly situated within the administrative boundary of Devon County Council and East Devon 

District Council. It straddles the boundaries of the parishes Budleigh Salterton, East Budleigh and Otterton.  

During the preparation of this FRA the following stakeholders were consulted for flood risk management 

and/or asset information they hold in the vicinity of the LORP: 

• East Devon District Council (local planning authority); 

• Devon County Council (LLFA and Highways Authority [including PRoWs]); 

• Environment Agency (client and flood risk regulator for main rivers and the sea); 

• Clinton Devon Estates (land owner);  

• Western Power Distribution (electrical assets owner); 

• British Telecom (communications assets owner); 

• South West Water (water networks asset owner); and, 

• Tenant Farmers. 

The stakeholders were consulted throughout the development of the LORP. The following sections 

summarise the points raised from the consultee responses which are relevant to the Flood Risk Assessment. 

More detailed information on consultation can be found in the Environmental Statement. 

5.1 East Devon District Council 

Consultation with East Devon District Council focused on potential impacts to existing assets and long-term 

maintenance. Separate discussions were undertaken with the allocated planning officer regarding the 

planning submission requirements of the FRA and associated documents to support it. 

The existing beach outfall (SY 07202 81950) currently drains freshwater from the trunk drain, which is 

owned and maintained by EDDC. The LORP scheme proposes to close this outfall, using the existing penstock 

(but allow future operation if required). It would then be monitored to review the impacts of daily tidal waters 

inundating the upstream trunk drain and maintenance changes.  

The existing maintenance regime and historic changes to the Shingle bar and spit were discussed. The 

proposed LORP scheme will likely lead to erosional changes to the northern edge of the Shingle Bar and the 

end of the spit. The existing footpath on the crest will remain in place, but the lower path on the northern 

edge will be closed to reduce health and safety risks to the public. Discussions with EDDC future maintenance 

and monitoring impacts have taken place to agree decisions in principle. Consultation will continue in the 

detailed design phase. 

5.2 Devon County Council 

5.2.1 Highway Authority 

Devon County Council Highways have been consulted from the earliest appraisal stages of the project and 

throughout the planning design phase. The alignment, design and detailing of the new raised South Farm 

Highway has been discussed at various points to make sure it complies with authority requirements, the 

Design Manual for Roads and Bridges, floodwater erosion issues and safe highway levels relative to extreme 

flood events.  The proposed 30m span highway bridge has also been discussed with the DCC Structures team. 



Flood Risk Assessment 
 

 

 

ENVIMSW002045-CH2-000-000-RP-HY-0001  40 

The planning design has taken account of DCC long-term maintenance requirements, public safety, hydraulic 

surcharge loading, scour protection and deck level elevation relative to extreme flood events. 

5.2.2 Public Rights of Way 

The proposed LORP scheme will have a range of impacts to different footpath sections across the site area. 

The DCC Footpaths team have been consulted from the earliest appraisal stages of the project and 

throughout the planning design phase. Some low-lying path sections will receive a changed or worsening 

level of flood risk. Mitigation measures were discussed. These ranged from raising path sections, improved 

surfacing to additional warning signage.  

The most heavily used and important footpath, the SW Coast path, was required to have no worsening of 

flood risk. The inclusion of the footbridge over the proposed breach was a key element of the design to 

maintain continued use of this path in the future. 

Other key consultation discussions confirmed the need to accommodate disabled access where possible, 

improve sections with regards to safety and provide habitat screening to separate the public from wildlife and 

protected species. 

5.2.3 Lead Local Flood Authority 

The Devon County Council Flood Risk Management department have been consulted regarding any potential 

LORP impacts on ordinary watercourses and surface water flood risk. Further consultation will take place 

throughout the detailed design phase. Land Drainage Consents will be required for any permanent or 

temporary works affecting the flow of an ordinary watercourse (non-Main River). 

5.3 Environment Agency  

The consultations regarding the FRA mostly took place with the EA Modelling team and the Permitting 

Officer in the local Devon area team. These discussions confirmed the required list of model runs expected 

for the FRA (as part of the planning application), inputs to the geometry checks and source data queries. 

The predicted impacts to the geomorphology, groundwater and erosion of existing features have been 

discussed with other EA specialist teams as the modelling and FRA have developed. The model data and 

additional model run checks have fed into this consultation process. 

Further consultation with the EA will take place throughout the detailed design phase. A Flood Risk Activity 

Permit (Environmental Permit) will be required (unless an exemption applies) for any permanent or 

temporary works that are: on or near a Main River, on or near a flood defence structure, in a floodplain, on or 

near a sea defence. 

5.4 Clinton Devon Estates 

As the proposed scheme sits entirely on Clinton Devon Estates (CDE) owned land and they are a key project 

partner, extensive consultations have taken place throughout the appraisal and planning phases. 

In terms of changes to flood risk, the discussions focused on any potential worsening of flood risk to existing 

properties, tenant farmland, access routes and roads, public footpaths and existing structures/bridges. The 

proposed creation of the new intertidal habitat was also discussed in detail, as CDE have an invested interest 

for the project to achieve the set objectives. 

Further consultation with CDE will take place throughout the detailed design phase. 
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5.5 Western Power Distribution 

Consultation has taken place with Western Power Distribution (WPD) regarding the impact the LORP could 

have on their assets. 

The principal assets impacted by the LORP are the overhead power lines following PRoW Budleigh Salterton 

12 and South Farm Road. 

The power line following Budleigh Salterton 12 will be diverted underground by the FABLink project and 

therefore protected from the effect of the LORP on tidal extent/inundation. 

Similarly, the overhead power line following South Farm Road will be buried in the verge of the new South 

Farm Road embankment and again protected from tidal inundation/flood events. 

WPD have no information on local flooding incidents and have raised no other concerns regarding the 

impacts or requirements of the LORP with regards to their assets. 

Further consultation with WPD will take place throughout the detailed design phase of the project. 

5.6 British Telecom 

Consultation has taken place with British Telecom (BT) regarding the impact the LORP could have on their 

assets. 

The principal asset impacted by the LORP is the overhead phone line running from west to east adjacent to 

South Farm Road. The overhead service will be buried/ducted in the verge of the new South Farm Road 

embankment and protected from tidal inundation/flood events. 

This approach has been agreed as acceptable in principle with BT. Further consultation will take place 

throughout the detailed design phase of the project. 

5.7 South West Water 

Consultation has also taken place with South West Water. This has included sharing of information SWW hold 

on their assets such as survey details of manhole chambers and outfalls. 

Extensive consultation has also taken place regarding the various assets located with the LORP area of 

influence or where impacts are possible. This included the existing estuary mouth overflow pipe, outfall pipes 

in the trunk drain and other services crossing the floodplain. Discussions have also included potential impacts 

of the scheme on groundwater; with additional modelling investigations carried out (separate to the Flood 

Risk Assessment). 

SWW have provided no information on local flooding incidents and have raised no other concerns regarding 

the impacts or requirements of the LORP with regards to their assets. 

Further consultation with SWW will take place throughout the detailed design phase of the project. 

5.8 Tenant Farmers 

There are two tenant farms within the site area affected. The tenant farmers were consulted at various stages, 

with CDE, in terms of flood risk changes to the areas, and potential impacts to access routes. Further 

consultation will take place throughout the detailed design phase. 
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6. Assessment of Flood Risk 

6.1 Introduction 

The following section provides an overview of flood risk to and potentially arising from the LORP. An 

assessment has been undertaken for each source of flooding, in accordance with the NPPF Flood Risk and 

Coastal Change Planning Practice Guidance (PPG). 

6.2 Fluvial and Tidal Flood Risk 

Fluvial flooding is flooding originating from rivers. Tidal flooding is that caused by the astronomical tide in 

combination with tidal surge. The main source of fluvial and tidal flood risk is the Lower Otter and its 

tributaries. Hydraulic modelling has been undertaken to determine the flood risk to, and impacts from, the 

proposed scheme resulting from these sources. 

Appendix A presents the mapped results of the hydraulic modelling undertaken in support of the assessment 

of flood risk.  The events considered (with their corresponding fluvial and tidal components) are shown in 

Table 6.1.  

Table 6.1: Fluvial and Coastal Flood Modelled Runs 

Event Fluvial Boundary 

(Peak Flow) 

Tidal Boundary 

(Peak Tide Level) 

Purpose 

1% AEP (1 in 100 

year) Fluvial 

1% (200.7m³/s) Mean High Water 

Springs 

(2.47mAOD) 

To provide information on fluvial flood 

risk to the LORP and to third parties and 

how this may change as a result of the 

scheme. 

To provide information on change to 

Flood Zone 3 (fluvial). 

0.1% AEP (1 in 

1,000-year) Fluvial 

0.1% 

(334.6m3/s) 

Mean High Water 

Springs 

(2.47mAOD) 

To provide information on fluvial flood 

risk to the LORP and to third parties and 

how this may change as a result of the 

scheme. 

To provide information on change to 

Flood Zone 2 (fluvial). 

0.5% AEP (1 in 200-

year) Tidal 

Mean Flow 

(3.2m³/s) 

0.5% 

(3.32mAOD) 

To provide information on tidal flood risk 

to the LORP and to third parties and how 

this may change as a result of the scheme. 

To provide information on change to 

Flood Zone 3 (tidal). 

0.1% AEP (1 in 

1,000-year) Tidal 

Mean Flow 

(3.2m³/s) 

0.1% 

(3.46mAOD) 

To provide information on tidal flood risk 

to the LORP and to third parties and how 

this may change as a result of the scheme. 

To provide information on change to 

Flood Zone 2 (tidal). 

1% AEP (1 in 100 

year) + CC Fluvial 

1%+CC 

(371m³/s) 

Mean High Water 

Springs + CC 

(4.67mAOD) 

To provide information on how fluvial 

flood risk to the LORP and to third parties 

may change as a result of projected 

climate change. 
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Event Fluvial Boundary 

(Peak Flow) 

Tidal Boundary 

(Peak Tide Level) 

Purpose 

0.5% AEP (1 in 200-

year) +CC (higher 

central) Tidal 

Mean flow +CC 

(4.5m3/s) 

0.5%+CC (higher 

central) 

(4.33mAOD) 

To provide information on how fluvial 

flood risk to the LORP and to third parties 

may change as a result of projected 

climate change. 

0.5% AEP (1 in 200-

year) +CC (upper 

end) Tidal 

Mean flow +CC 

(6.0m3/s) 

0.5%+CC (upper 

end) 

(4.67mAOD) 

To provide information on how fluvial 

flood risk to the LORP and to third parties 

may change as a result of projected 

climate change. 

MHWS Jan 2017 

cycle 

Mean Flow 

(3.2m³/s) 

Peak Mean High 

Water Springs 

(2.57mAOD) 

To provide information on flood risk 

under normal tidal conditions. 

For each event the following mapped outputs are provided: 

• Baseline maximum depth (without LORP) 

• With LORP Scheme maximum depth 

• Depth Difference 

• Velocity Difference 

The model results show that in fluvial events there is generally a small reduction (<100mm) in flood depth 

throughout the study area for all modelled events. The exception to this is the newly created channels, and 

adjacent areas of where the floodplain is better connected, which show an increase in flood depth as a result 

of lowering of ground levels (excavation of the channel) and increased flows from the River Otter into its 

floodplain. In addition to the overall decrease in depth, larger reductions in depth of up to 300mm are shown 

in the 1% AEP present day event to areas upstream of Big Bank and to the east of Budleigh Salterton as a 

result of improved conveyance resulting from the breaches and new channels.  

For present-day tidal events there is typically a small reduction in depth (up to 300mm in MHWS, reducing to 

100-200mm in the 0.5% AEP event) at the estuary mouth but an increase in depth in the floodplain, where 

water is able to flow through the proposed breach. However, this does not result in increased flood depths 

outside of the reconnected intertidal area. The velocity difference mapping shows some small increases in 

velocity in the estuary mouth (in the MHWS and 0.5% AEP event) and in the new intertidal floodplain (0.5% 

AEP only). With climate change, the model results show that a significant proportion of the floodplain would 

be inundated anyway in the baseline scenario (without the scheme in place), although the breach does allow 

some additional water to enter this area, resulting in a small increase in depth. The impacts on flood depths 

are lesser for the Upper End climate allowance, compared to the Higher Central allowance, as the proportion 

of flows entering the area by overtopping, as opposed to through the breach, is greater, meaning the scheme 

has less of an effect.  

The review of model results indicates that the impacts of the scheme on flood depth and velocity are typically 

small and/or beneficial, although the scheme increases flood depth in the floodplain and newly created 

intertidal area. As increased floodplain connectivity and creation of a new intertidal area are key aims of the 

scheme this is not considered to be an adverse impact. However, there are a number of receptors within and 

adjacent to the scheme site which require assessment in more detail to determine whether the scheme will 

result in adverse impacts.  

In addition to the mapped outputs, values for maximum velocity, flood level and depth have been extracted 

from the model for each of the receptors identified in Section 3.4. Appendix B provides the matrix of the 

potential flood receptors and the impact of the scheme on them for a range of fluvial/coastal events in terms 

of maximum flood depth, maximum water level and maximum velocity. The assessment of flood risk at each 
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of the receptors has focused on the impact of the LORP on flood depths. Where maximum depths reduce or 

there is no change, these are shown in green (i.e. a beneficial impact) and are not considered further. Where 

increases in flood depth are up to 0.01m (shown in orange) they are considered to be within model 

tolerances and are not considered further. Where increases in flood depth greater than 0.01m (10mm) are 

modelled they are shown in red (i.e. detrimental impact), these are considered further. 

The receptor-impact matrix in Appendix B shows that there are a number of receptors where an increase in 

flood risk is shown in some events. These require further investigation and possible mitigation. The locations 

where these are greater than the threshold increase in flood depth of 0.01m are presented in Table 6.2. 

Further consideration of potential impacts on receptors resulting from increased flood depth is provided in 

Table 6.3. 
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Table 6.2: Receptors experiencing >0.01m increase in flood depth ('-' denotes receptors with no depth increase or a reduction). 

Flood Receptor 1% AEP 

Fluvial 

0.1% AEP 

Fluvial 

0.5% AEP 

Tidal 

0.1% AEP 

Tidal 

1% AEP 

+CC 

Fluvial 

0.5% AEP 

+CC(HC) 

Tidal 

0.5% AEP 

+CC (UE) 

Tidal 

MHWS 

Cycle 

Frogmore Road (4) - - - - - 0.18 0.07 - 

SWW Frogmore Road Pumping Station with tank (5) - - - - - 0.18 0.07 - 

Frogmore Road Electricity substation (6) - - - - - - 0.07 - 

Rear garden of 94a Granary Lane (11) - - 0.10 0.26 - - - - 

3No Cottages along South Farm Road (21) - 0.04 - - 0.03 - - - 

Otterton 1 (OT-1) - - 0.51 0.6 - - - 0.4 

Otterton 1a (OT-1a) - - 1.15 1.31 - 0.01 - - 

Otterton 1b (OT-1b) 0.48 0.71 1.45 1.55 0.72 0.75 0.73 1.31 

Otterton 2 (OT-2) - 0.02 - - 0.03 0.02 - - 

Budleigh Salterton 12 (BS-12) 

 

- - 0.98 1.14 - 

 

- - 0.14 

East Budleigh 1 (EB-1) - - - - - 0.03 - - 

East Budleigh 3 (EB-3) -  -  1.36 1.84 - - - 0.51 

East Budleigh 16 (EB-16) - - - - 0.02 - - - 

Over Head Power line, east of Pullhayes Farm (A) - - 0.48 0.65 - 0.01 - - 
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Flood Receptor 1% AEP 

Fluvial 

0.1% AEP 

Fluvial 

0.5% AEP 

Tidal 

0.1% AEP 

Tidal 

1% AEP 

+CC 

Fluvial 

0.5% AEP 

+CC(HC) 

Tidal 

0.5% AEP 

+CC (UE) 

Tidal 

MHWS 

Cycle 

Frogmore Road land drain (accommodating emergency overflow 
from storm tank) (E) 

- - - - - 0.18 0.07 - 

225mm diameter precast concrete combined sewer outfall (ref 
1701) to the trunk drain near the rear of property No. 104 
Granary Lane (I) 

- - 1.06 1.22 - - - 0.22 

225mm diameter vitrified clay surface water outfall (ref 1501) to 
the trunk drain near the rear of property No. 94a Granary Lane (J) 

- 0.10 1.92 1.58 0.11 0.11 0.09 1.67 

300mm diameter precast concrete surface water outfall (ref 
1203) to the trunk drain (K) 

- - 1.25 0.91 - - - 1.02 

550mm diameter precast concrete pipe foul/combined sewer to 
outfall (ref 1206) with an invert level of approx. 2.70mAOD (L) 

- - 1.33 1.48 - - - 0.50 

300mm diameter Vitrified clay surface water outfall (ref 2201) to 
trunk drain, near the rear of property No. 2 Granary Lane (M) 

- - 1.81 1.48 - - - 1.48 

600mm diameter emergency outfall from Lime Kiln Car Park 
Pumping Station to Trunk Drain (ref 2104) (O) 

- - 0.13 0.26 - 0.18 0.07 1.41 

225mm diameter vitrified clay surface water drain to outfall (ref 
2006) into trunk drain (near Lime Kiln car park), (P) 

- - 1.81 1.48 0.01 - - 2.31 

450mm diameter pump station overflow pipe, extending from a 
manhole chamber within the eastern end of the Spit (exact 
location unknown), across the Otter Estuary to Otterton Point. 

- - - - - 0.01 - - 

 



Flood Risk Assessment 
 

 

 

ENVIMSW002045-CH2-000-000-RP-HY-0001  47 

Table 6.3: Further assessment of flood impacts on receptors 

Flood Receptor Impacts 

Frogmore Road (4) Receptors 4, 5 and 6 are only shown to be impacted due to 

extreme tide levels under the 0.5% AEP + climate change tidal 

scenarios. This increase in flood risk is as a result of additional 

tidal flow reaching this area in extreme events due to the 

breaches downstream. The area is not shown to be at risk of 

flooding in present day tidal scenarios. 

The scheme provides a beneficial impact on these receptors in 

fluvial scenarios by reducing the amount of water impounded in 

this area. 

Potential mitigation measures to address the increase in tidal 

flood risk are discussed in Chapter 8.  

SWW Frogmore Road Pumping Station 
with tank (5) 

Frogmore Road Electricity substation (6) 

Rear Garden of 94a Granary Lane (11) The garden is impacted in present day extreme tidal flood events 

(0.5% and 0.1% AEP tidal events) due to additional tidal flow 

reaching the area as a result of the southern breach. However, 

with climate change the impact of the scheme is shown to be 

negligible at this location. This is because as tide levels increase 

due to sea level rise the breach has less of an effect as the area is 

inundated regardless.  

No significant adverse impacts are shown in fluvial conditions for 

any of the events modelled and beneficial impacts are shown for 

the present day 1% AEP fluvial event. 

Potential mitigation measures to address the increase in tidal 

flood risk are discussed in Chapter 8. 

3No Cottages along South Farm Road (21) Properties in this area are located adjacent to the Kersbrook, with 

approx. threshold levels of 4.50mAOD. Only two scenarios have 

shown a slight worsening in flood depths, but the peak levels are 

still below the threshold levels. The property access points are 

impacted by flooding, with further modelling to more accurately 

represent this area presented in Section 6.2.1. 

Otterton 1 (OT-1) The footpath section south of the landfill route is to be diverted 

on top of the landfill as part of the scheme, so is not considered 

further. 

Otterton 1a (OT-1a) Footpath section to be lowered as part of Little Bank breach. 

Impacts only shown in extreme tidal events (present day). 

Proposed mitigation measures are discussed in Chapter 8. 

Otterton 1b (OT-1b) Footpath to be lowered as part of Big Bank breach, resulting in 

impacts in all modelled events. Proposed mitigation measures 

are discussed in Chapter 8. 

Otterton 2 (OT-2) & East Budleigh 16 (EB-
16) 

These footpath sections follow the existing South Farm Road. 

The highway will be realigned and raised approx. 2.5m above 

existing, and therefore greatly reducing flood risk. The most 

extreme scenarios, only very minimal flood depths occur. The 
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Flood Receptor Impacts 

new highway will be subject to detailed design to address any 

residual risks. This receptor is therefore not considered further in 

this report. 

Budleigh Salterton 12 (BS-12) Impacts in present-day tidal events. Proposed mitigation 

measures are discussed in Chapter 8. 

East Budleigh 1 (EB-1) Far east end of footpath section to be lowered as part of Little 

Bank breach, resulting in impacts in higher central climate 

change tidal event. Proposed mitigation measures are discussed 

in Chapter 8. 

East Budleigh 3 (EB-3) A footpath to be lowered as part of Big Bank breach, resulting in 

impacts in present day tidal events. Proposed mitigation 

measures are discussed in Chapter 8.  

Additionally, lengths of the existing path along the western edge 

of the floodplain sees impacts in some modelled events. 

Proposed mitigation measures are discussed in Chapter 8. 

Overhead Power line, east of Pulhayes 
Farm (A) 

This area is only shown to be significantly impacted due to 

extreme present-day tide levels under the 0.5% AEP and 0.1% 

AEP tidal scenarios. This increase in flood risk is as a result of 

additional tidal flow reaching this area in extreme events due to 

the breaches downstream. Results from the tidal climate change 

runs show that the impacts of the scheme will lessen with sea 

level rise, with very small (0.01m) or negligible impacts shown in 

the tidal climate change scenarios. 

Beneficial impacts on flood risk are shown for all fluvial events 

modelled. 

Potential mitigation measures to address the increase in tidal 

flood risk are discussed in Chapter 8. 

Frogmore Road land drain 
(accommodating emergency overflow 
from storm tank) (E) 

As for receptors 4, 5 and 6, this area is only shown to be 

impacted due to extreme tide levels under the 0.5% AEP + 

climate change tidal scenarios. This increase in flood risk is as a 

result of additional tidal flow reaching this area in extreme 

events due to the breaches downstream.  

Potential mitigation measures are discussed in Chapter 8. 

225mm diameter precast concrete 
combined sewer outfall (ref 1701) to the 
trunk drain near the rear of property No. 
104 Granary Lane (I) 

The outfalls themselves are not considered sensitive to an 

increase in flood depth. However, increases in depth at the 

outfalls may impede flows in the upstream drainage system, 

increasing surface water flood risk. Modelling of the drainage 

system upstream of the key infrastructure has been undertaken 

(see Section 6.3). 225mm diameter vitrified clay surface 
water outfall (ref 1501) to the trunk drain 
near the rear of property No. 94a 
Granary Lane (J) 
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Flood Receptor Impacts 

300mm diameter precast concrete 
surface water outfall (ref 1203) to the 
trunk drain (K) 

550mm diameter precast concrete pipe 
foul/combined sewer to outfall (ref 1206) 
with an invert level of approx. 2.70mAOD 
(L) 

300mm diameter Vitrified clay surface 
water outfall (ref 2201) to trunk drain, 
near the rear of property No. 2 Granary 
Lane (M) 

600mm diameter emergency outfall from 
Lime Kiln Car Park Pumping Station to 
Trunk Drain (ref 2104) (O) 

225mm diameter vitrified clay surface 
water drain to outfall (ref 2006) into 
trunk drain (near Lime Kiln car park) (P) 

A total of 8no. residential properties (3no. on South Farm Road and 5no. on Frogmore Road) are potentially 

impacted by the scheme alongside 1no. additional residential garden (Granary Lane). 

 

6.2.1 Kersbrook  

The Kersbrook joins the River Otter floodplain adjacent to the South Farm Road cottages (receptor 21). As 

part of the LORP scheme, South Farm Road will be realigned in this area and a new raised car parking area 

will be provided to the south of the Kersbrook channel. A new embankment will be constructed, crossing the 

channel, to allow raising of the existing footpath. A new culvert will be installed beneath the embankment to 

maintain outflow from the Kersbrook into the River Otter floodplain – this will include a non-return valve to 

prevent ingress of tidal flows into the Kersbrook. A schematic of the proposed works is shown in Figure 6.1. 

Whilst a non-return valve will mitigate any increases in tidal flood risk to the properties resulting from the 

new intertidal area, further investigation has been undertaken to determine whether the proposed works will 

impede drainage from the Kersbrook, due to tide-locking, such that water levels in the Kersbrook will pose a 

flood risk to the properties.  
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Figure 6.1: Kersbrook location 

 

A simple 1D model has been developed in Flood Modeller Pro to represent the proposed works and assess 

flood risk. Different fluvial events have been combined with the MHWS tide cycle, where peak fluvial flows are 

timed exactly with a high spring tide level. The 0.5% AEP tidal event has also been modelled. Further 

information on the model set-up can be found in the Kersbrook Hydraulic Modelling Report (IMSW002045-

CH2-000-000-RP-HY-0010) in Appendix F.  

The results of the modelling study are given in Table 6.4, showing peak water levels in the Kersbrook 

adjacent to South Farm Cottages. 

Table 6.4: Kersbrook model results 

Event Fluvial Boundary 

(Peak Flow) 

Tidal Boundary 

(Peak Tide Level) 

Peak Water Level in 

Kersbrook (mAOD) 

Mean flow (estimated as 3% of 

River Otter mean flow) 

Mean flow (0.1m3/s)  MHWS (2.3mAOD) 2.3 

Fluvial 50% AEP (1 in 2-year) 

event 
50% AEP (1.9m3/s) MHWS (2.3mAOD) 2.8 

Fluvial 1% AEP (1 in 100-year) 

event 

1% AEP (5.9m3/s) MHWS (2.3mAOD) 3.5 

Fluvial 1% AEP (1 in 100-year) 

event +climate change (85%) 

1% AEP +CC 

(10.9m3/s) 

MHWS +CC 

(3.3mAOD) 

4.0 

Tidal 0.5% AEP (1 in 200-year) 

event 
50% AEP (1.9m3/s) 0.5% AEP 

(3.1mAOD) 
3.2 

Existing culvert 

from Kersbrook 

upstream 

catchment 

Realigned South 

Farm Road 

New raised 

parking area 

New culvert (flapped 

outfall) beneath 

embankment with 

additional overflow 

culvert 

Existing Kersbrook 

channel retained New embankment 

for footpath route 

Existing western end 

of South Farm Road 

retained to provide 

access to properties 

3No. properties 
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The model results in Table 6.4 show that for all modelled scenarios, peak water levels in the Kersbrook are 

not high enough to flood the adjacent South Farm Cottages (with approx. threshold levels of 4.5mAOD), 

either from high fluvial flows being unable to drain away or from backing up of water levels into the channel 

due to tide-locking. 

The section of existing South Farm Road adjacent to the Cottages will remain in the proposed scheme and be 

used as a private access only. Numbers 1 and 2 South Farm Cottages both share an access at the far western 

end of the highway section (on the corner), where the lowest section is at an approx. 3.1mAOD level. Number 

3 South Farm Cottage has a separate access further east, joining South Farm Road at an approx. level of 

2.6mAOD.  

The model results in Table 6.4 show that the typical mean flow in the Kersbrook and the peak MHWS tide 

level at the outlet, rise to a peak which is not enough to inundate the adjacent section of highway, therefore 

not cutting off the access to the properties. 

The model results, in Table 6.4, for the 50% AEP event in the Kersbrook timed with the MHWS peak tide level 

at the outlet, rise to a peak which will inundate the adjacent low-lying section of highway (approx. 200mm 

depth). The peak of the event where the highway is inundated will last approx. 3 hours, before tide levels 

drop at the outlet and Kersbrook flow can discharge freely. See time series graphs in Appendix F for further 

details. This situation could theoretically occur once every two years (if timed to coincide with high spring tide 

levels) and cut off the access to Number 3 South Farm Cottage. The access should still be clear for numbers 1 

and 2 South Farm Cottages in this scenario. 

The model results for the more extreme events (1% AEP Fluvial, 1% AEP Fluvial plus climate change, and 

0.5% AEP Tidal in Table 6.4) show that peak levels will inundate the adjacent low-lying section of highway 

(up to approx. 1.4m depth). This will cut off access temporarily to all three properties.  

The main scheme model results (see Table 6.2) show minimal change or a reduction in flood risk to this area 

for the larger and more extreme flood events. It is important to note (from the main scheme model results) 

that extreme flood events can inundate this area to similar depths and extents in the baseline situation. 

Historic flood event records correspond with this; which have shown that when flood events have occurred, 

the duration can last a few days because the floodplain cannot drain freely. Therefore, the proposed LORP 

scheme will also reduce the duration of flooding in extreme events. 

The proposed LORP scheme will introduce mitigation measures for the Kersbrook area to further reduce and 

manage risks to the access points of the three Cottages. See Section 8. 

 

6.3 Surface Water Flood Risk 

This section discusses the risk of flooding from surface water or ordinary watercourses.  

6.3.1 Risk to Proposed Development 

The Environment Agency’s Risk of Flooding from Surface Water mapping (see Figure 6.2) shows areas of low, 

medium and high risk within and around the planning application boundary. Areas at risk of surface water 

flooding are predominantly within the fluvial floodplain of the River Otter or along the corridors of the 

smaller watercourses such as the Budleigh Brook and Kersbrook. Devon County Council have confirmed that 

the project area is not in a Critical Drainage Area.  
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Figure 6.2: Risk of Flooding from Surface Water mapping (© Environment Agency copyright and/or database 

right 2015. All rights reserved. Some features of this map are based on digital spatial data from the Centre for 

Ecology & Hydrology, © NERC (CEH). Soils Data © Cranfield University (NSRI) and for the Controller of HMSO 

2013.) 
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The scheme involves returning existing farmland into a natural floodplain, thus generally removing potential 

flood risk receptors (infrastructure/people/livestock) from the area. As flood risk management and intertidal 

habitat creation works, the proposed development is not considered to be sensitive to surface water flooding 

and therefore no significant impacts on the development from surface water are expected. 

6.3.2 Potential Risk Arising from Proposed Development 

Figure 6.2 shows that the majority of receptors are not at significant risk of surface water flooding. The 

proposed works are not expected to have a significant effect on surface water flow routes. However, as 

identified in Section 6.2, there is an area of the the site where an increase in tidal inundation of the floodplain 

could result in an increase in surface water flood risk due to surface water drainage systems being tide-

locked. Additional investigations have been undertaken in this area and are described below. Consideration 

has also been given to the potential increase in surface water runoff due to additional areas of hardstanding 

at South Farm Road. 

Granary Lane 

There are various existing combined sewer outfall pipes that drain into the trunk drain along the western 

edge of the floodplain. As detailed in Table 6.3, four of these outfalls have been considered key infrastructure 

by SWW requiring further assessment. Figure 6.3 shows the locations of the four key outfall pipes assessed. 

One is the emergency outfall from the Lime Kiln pumping station (labelled O). The other three of the outfalls 

drain different areas and properties along the adjacent Granary Lane. Of these three, the outfall furthest 

south (near No. 2 Granary Lane) is likely to be most at risk due to the upstream highway gullies located along 

the lowest elevation along Granary Lane. Figure 6.4 provides further information for the likely highest risk 

outfall pipe near No.2 Granary Lane. 

 

Figure 6.3: Location map of the four key outfall pipe assessed further for surface water flood risk increases 

Trunk Drain 
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There is an existing historical surface water issue at the low-lying area of highway in Granary Lane (NGR: SY 

07156 82190); see Figure 6.4. This area is drained by collection gullies outside the entrance to No.2 Granary 

Lane. A 300mm diameter pipe takes the surface water from the gullies, to a manhole chamber in the 

driveway of Granary House, then outfalls into the Trunk drain in the adjacent floodplain (NGR: SY 07206 

82192). There is a non-return valve on the outlet pipe; accessed from the manhole chamber. The manhole 

chamber likely picks up further drainage outfalls from the nearby properties.  

 

Figure 6.4: Low elevation area of Granary Lane at risk of surface water flooding (Google Images 2019) 

A 1D modelling assessment (using Infoworks ICM) was carried out examining the surface water drainage 

network (using SWW raw data) and the four outfalls mentioned above. Outfall pipe M (near No.2 Granary 

Lane) was not properly represented in the raw model files, and therefore was added to the geometry as part 

of this assessment. Each pipe was modelled with non-return valves at the outfalls. 

It is known from the main scheme model results (see section 6.2) that the more extreme flood events (tidal 

and fluvial) inundate the floodplain, with large depths of flooding. Additionally, it is known from historic 

flood event records that floodwater becomes trapped within the floodplain behind the existing 

embankments, draining out very slowly over a few days. In these scenarios the four outfall pipes from Granary 

Lane and the Pumping Station are hydraulically locked, causing surface water to back up and possibly flood 

low lying properties or restrict the outlet of the Pumping Station. There are up to 6 properties on Granary 

Lane at risk in the vicinity of the inlet to the pipe near No.2, and the pump station operation at risk.  

The proposed LORP scheme will reconnect the floodplain to the River Otter and reduce the risk of very large 

fluvial events having trapped water in the floodplain. It will allow more efficient use of the whole floodplain, 

where the main scheme model results show slight reductions in flood depths for the extreme events. 
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The proposed LORP scheme will introduce daily tidal inundation (to lower levels than extreme events) into 

the adjacent floodplain, which also has the potential to hydraulically lock the outlets of the four pipes in this 

assessment. The 1D assessment used the MHWS tide cycle as a downstream boundary, where the peak high 

tide (2.30mAOD) was combined with 20% AEP 30min duration or a 3.33% AEP 30min rainfall events as 

inflows to the upstream boundaries. The four outlet pipes had non return valves added. The assessment 

examined how much freshwater backed up in the pipes during the high tide sequence, and whether it would 

lead to increased flood levels at the upstream inlets to an extent that could cause surface water flooding to 

properties or infrastructure. 

Table 6.5 lists the model results for the MHWS tide combined with the two different rainfall events, for pipes 

I, K, and near No.2 Granary Lane (M), which all have upstream gullies and chambers located close to 

residential properties and public highway.   

Future climate change scenarios have not been considered as in such scenarios water would inundate the 

area overland from the main fluvial/tidal floodplain (MHWS level in climate change scenarios is over 4mAOD 

compared to local ground levels of 3-3.5mAOD) and the presence of the drainage system would have 

minimal effect on flood levels. For these scenarios the main fluvial/tidal modelling (see Section 6.2) provides 

the best representation of flood risk. 

Table 6.5: Surface water flood risk, for pipes 1,2 and 3. 

Outlet pipe Ground level at 

manhole (mAOD) 

20% AEP 

Peak Water Level inside 

upstream manhole chamber 

(mAOD) 

3.33% AEP 

Peak Water Level inside 

upstream manhole chamber 

(mAOD) 

I 10.9 9.9 9.9 

K 6.3 2.9 3.4 

Near No.2 

(M) 

2.5 1.5 1.6 

The surface water assessment (for both rainfall scenarios) for the three different existing outfall pipes (in 

Table 6.5) concluded that surface water flooding did not occur above upstream inlet chambers or to nearby 

properties and infrastructure, as a result of the introduced MHWS tide cycle in the adjacent floodplain 

(proposed LORP scheme).  

When compared to the baseline situation, the upstream chambers on pipes I and K had no change in level but 

the pipe near No.2 Granary Lane (M) did see increased water depths internally during the short duration 

rainfall events, before draining away as the high tide receded. These increased depths were not enough to 

worsen flood risk to adjacent properties or Granary Lane.  

The surface water outfall pipe (labelled J in Figure 3.1), was not modelled in this 1D assessment. It has 

similar downstream and upstream invert levels, similar capacity and similar nearby properties to the adjacent 

outfall ‘I’. For the purposes of this assessment it is assumed to have similar risk levels to the modelled outfall 

‘I’, and therefore property surface water risk is not worsened due to the proposed LORP scheme. 

The surface water outfall pipe (labelled L in Figure 3.1), was not modelled in this 1D assessment. It has 

similar downstream and upstream invert levels, similar capacity and similar nearby properties to the adjacent 

outfall ‘O’. For the purposes of this assessment it is assumed to have similar risk levels to the modelled outfall 

‘O’, and therefore property surface water risk is not worsened due to the proposed LORP scheme. 

The surface water outfall pipe (labelled P in Figure 3.1), was not modelled in this 1D assessment. Although it 

has a similar downstream outlet invert level to the nearby outfall ‘near No.2’ assessed, its upstream inlets are 
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on much higher ground. Nearby properties on also on high ground. Therefore, by inspection the surface water 

risk is assumed to not worsen due to the proposed LORP scheme. 

Table 6.6 lists the model results for the MHWS tide combined with the 20% AEP (30min) rainfall event, for 

pipe 4, which is the emergency outfall from Lime Kiln pumping station, with the storage tanks upstream and 

control house above. 

The emergency outfall pipe (labelled O) of the Lime Kiln Pumping Station is only used when there is a power 

cut and the main pumps are non-operational. In normal conditions the pumps will take input flow from two 

rising sewer mains (from the adjacent drainage network in Granary Lane and beyond), and then pump it 

through an outfall pipe leading to the Sewage Treatment Works near Exmouth. The emergency outfall pipe 

drains into the adjacent trunk drain, within the floodplain. As stated above, the proposed LORP scheme will 

introduce daily tidal inundation into this trunk drain, with the potential to hydraulically lock the emergency 

outfall pipe, if in use when the pumping station is non-operational. This assessment examined how much 

water backed up the outfall pipe in this scenario, and whether it potentially exceeded the storage of the main 

tank and/or caused surface water flooding in the control building above. 

Table 6.6: Surface water flood risk, for pipe 4. 

Outlet 

pipe 

Storage tank 

soffit level 

(mAOD) 

Control house 

ground level 

(mAOD) 

20% AEP 

Peak water level at 

overspill weir, upstream 

of outlet pipe (mAOD) 

3.33% AEP 

Peak Water Level inside 

upstream manhole 

chamber (mAOD) 

O 3.6 3.9 3.1 3.1 

The Pumping Station storage tank and internal overspill weir, upstream of the emergency outfall pipe (O), did 

not see increased water levels during either of the events modelled. This indicates that water would continue 

to be able to drain effectively out of the storage tank through the overflow pipe in a MHWS event. Climate 

change scenarios have not been modelled as the fluvial/tidal model results show that there would be 

significant inundation of the site in both the baseline and with scheme scenarios, due to water levels in excess 

of 4.0mAOD, which would overwhelm the pump capacity as well as the storage tank and overflow pipe. Whilst 

the peak water levels are increased in the with scheme scenarios, this is not considered to have a significant 

impact on the site as the system would be overwhelmed regardless.  

The full details of the 1D ICM modelling assessment can be found a report in Appendix E. 

Some of the existing outfall pipes, draining into the floodplain, do not have non-return valves. As a mitigation 

measure the LORP scheme will arrange for installation of new valves to any pipe that does not have them. 

Further details of this and other mitigation measures are in section 8. 

Increased runoff (proposed raised South Farm Road highway) 

The works to South Farm Road will result in a slight increase in impermeable area from approximately 

3,300m2 to approximately 3,500m2. Whilst this will result in a slight increase in surface water runoff, this will 

be draining to a tidal area and is therefore not expected to have an adverse impact on flood risk downstream 

or to the nearby Kersbrook. Whilst the use of SuDS may not be required to attenuate runoff, they may be 

required for water quality reasons. A detailed drainage design will be completed in the next project phase for 

the road, including provision for water quality.  

6.4 Groundwater Flood Risk 

Although the LORP is largely situated on relatively impermeable Clay and Silt deposits (see Section 2.4), the 

steep sandstone edges of the Lower Otter estuary are expected to be well drained. There is a regional 

groundwater gradient toward the Lower Otter Valley, with potential upward groundwater movement such 
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that the valley is primarily a location of groundwater discharge.  Therefore, groundwater flooding is possible 

when groundwater levels in the Sandstone rise above the ground level in the estuary, particularly if the near 

surface superficial deposits are thin or more permeable. However, there is no known history of groundwater 

flooding, and flooding from rivers and the sea is expected to be of a much larger magnitude than the risk 

from groundwater. The existing risk of groundwater flooding is therefore very low. 

The scheme involves returning existing farmland into a natural floodplain, thus removing potential flood risk 

receptors (infrastructure/people/livestock that may be negatively affected by floods) from the area. 

Furthermore, footpaths in the area will remain at the existing levels or be raised. Therefore, the overall risk of 

groundwater flooding is expected to reduce. The with-scheme risk of groundwater flooding is therefore also 

very low. 

6.5 Flood Risk from Reservoirs and Canals 

6.5.1 Risk to Proposed Development 

The Environment Agency online service (accessed in February 2019) indicates that no part of the proposed 

scheme lies within an area indicated to be at risk of flooding from reservoirs. Therefore, the risk of flooding 

from reservoirs to the proposed development is considered very low.  

The study area is not located within the vicinity of a canal and is not influenced by canal infrastructure. 

Therefore, the risk of flooding from this source to the proposed scheme is considered very low.  

No mitigation measures are considered necessary to mitigate for this source of flooding. 

6.5.2 Risk Arising from Proposed Development 

For the same reasons, the proposed scheme will have no impact on this source of flood risk. No mitigation 

measures are considered necessary for incorporation into the proposed scheme to mitigate for this source of 

flooding. 

6.6 Flood Risk from Mains Water Supply and Sewer Systems 

There are combined sewers and outfalls within the proposed scheme site, however, these are deemed to have 

a very low impact on the proposed scheme in terms of flood risk.  

The combined sewers and outfalls are expected to have a very low impact on the proposed development in 

terms of flood risk. 



Flood Risk Assessment 
 

 

 

ENVIMSW002045-CH2-000-000-RP-HY-0001  58 

7. Erosion Risk 

In addition to the flood risks defined in Section 6, the LORP presents some potential erosion risks. These are 

assessed further below. The Environmental Statement Chapter 10 (part of this planning application, further 

assesses the impacts of the LORP in terms of erosional change leading to losses/gains of habitat, changes to 

geomorphology and water quality. 

7.1 Estuary Entrance Sensitivity  

The southern breach of the Otter Estuary embankment near Lime Kiln car park will increase the footprint area 

of the Otter Estuary and consequently the volume of tidal water the estuary can accommodate. This volume 

of water (referred to as the ‘tidal prism’) is estimated to eventually increase from 169,000m³ to 559,000m³ 

for the average mean High Spring tide (MHWS).  

As this significantly increased volume of water exits the Otter Estuary with the ebb tide, the velocity of the 

water through the existing estuary mouth (between Budleigh Salterton spit and Otterton Ledge would 

substantially increase. This will lead to erosion and scour in the channel, on the Shingle Spit and against the 

toe of the cliffs to the east. The existing SWW pipe, running across the estuary mouth, is a 450mm diameter 

cast iron pipe installed between the 1960s and 1970s. This extends from the pumping station within Lime 

Kiln car park to a manhole chamber within the spit to a on the eastern side of the estuary at the foot of 

Otterton Ledge. This pipe is proposed to be diverted to limit risks of damage from the increased tidal prism; 

see section 8 for further details. 

The expected erosional changes and increased flows/velocities at the mouth will occur through natural 

processes; this is seen as a beneficial change to the surrounding environment and helps restore the estuary to 

a more natural state. It is expected that the erosional changes will slow in the medium term, as the system 

evolves and reaches a quasi-equilibrium state, and generally behaves in a similar way to present day. 

However, short-term rapid changes and increased velocities at the mouth area may pose risks to public users 

on the spit and beach area.  

In addition to localised risks relating to erosion, the potential change in Estuary mouth morphology may 

increase flood risk by allowing additional tidal flow to enter the site. As there is considerable uncertainty in 

the future geometry of the estuary mouth, the main model runs carried out for this FRA (and discussed in 

Section 6.2) have been based on the existing geometry for both the baseline and with scheme scenarios. This 

allows the direct impacts of the proposed scheme to be assessed in detail. However, sensitivity testing has 

also been undertaken to determine whether there are potential indirect impacts of the scheme on flood risk 

resulting from the potential change in morphology at the estuary mouth. The results of this are detailed 

below. It is important to note that changes in estuary morphology are as a result of natural processes and 

have the potential to occur regardless of whether the scheme is implemented – for example as a result of 

natural breaches of the existing River Otter embankment occurring.  

An initial comparison of peak water levels for the modelled tidal events has been used to determine the 

conditions in which a change in the estuary geometry is likely to have the greatest impact. Peak water levels 

were extracted at the locations shown in Figure 7.1. The results of the comparison are shown in Figure 7.2. 

This shows that the largest difference between water levels at the estuary mouth (LE1) and within the estuary 

(LE2), which then propagates into the site, occurs in the MHWS event, with a decrease in level of around 

200mm between at LE1 and LE2. As water levels increase (e.g. in the extreme tidal and climate change 

events) the difference between levels at LE1 and LE2 decreases, indicating that the estuary geometry has less 

of a limiting effect on water levels in the site. The MHWS event has therefore been selected for sensitivity 

testing, as this has the greatest potential for changes in the estuary geometry to affect water levels in the site.  
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Figure 7.1: Locations for comparison of peak water level in estuary 

 

Figure 7.2: Comparison of peak water levels 

 

Sensitivity testing was undertaken on the scheme model by updating the model schematisation to reflect a 

reasonable best estimate of potential changes in estuary geometry. Further information on how this estimate 

was derived can be found in the ES. The inner estuary channels and mouth were modelled with widths double 

in size compared to the baseline geometry, and bed levels approx. 0.3m deeper. The side slope gradients 

remained the same as the baseline geometry. See Figure 7.3 for details. 

Change in 

level at mouth 
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Figure 7.3: Existing Estuary inner channels and mouth widened; for additional model sensitivity run 

 

The model was run for the MHWS scenario and the results were compared to the with scheme model results 

used for the main FRA. Peak water levels were compared at a range of locations throughout the site, as shown 

in Figure 7.4. The results of this are shown in Table 7.1. 

 

 

Figure 7.4: Locations for comparison of peak water level across site 

Existing approach 

channel doubled 

in width.  

Existing inner channel 

doubled in width; with 

Shingle Bar remaining 

and left bank widened.  

Existing estuary mouth 

doubled in width; with 

cliff remaining, and 

Shingle Spit shortened.  
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Table 7.1: Comparison of peak water levels (MHWS) with change in estuary geometry 

Location Peak water level with 

existing geometry 

(mAOD) 

Peak water level with 

change in geometry 

(mAOD) 

Change in peak water 

level (m) 

LE2 2.38 2.48 0.10 

LE7 2.36 2.47 0.11 

SB5 2.32 2.44 0.12 

BMS6 2.31 2.43 0.12 

SFR2 2.28 2.39 0.11 

BMN2 2.29 2.39 0.10 

BMN1 2.29 2.39 0.10 

BBB5 2.29 2.39 0.10 

Budleigh channel 2.29 2.39 0.10 

The results presented in Table 7.1 show that the change in geometry results in an increase in water levels 

across the site of approximately 100mm in the MHWS event. For the reasons described above, this is 

considered the maximum impact on peak water levels, with smaller changes expected for larger tidal events. 
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8. Mitigation Measures 
Sections 6 and 7 have assessed the potential flood risks associated with the LORP.  Those that have been 

assessed to present a negligible risk (relative to the baseline) are not assessed further on the basis that the 

LORP design includes sufficient embedded mitigation.  For those receptors where the assessment has 

concluded the LORP has the potential to increase the risk of flooding and/or erosion the following mitigation 

measures are proposed. Maintenance of the scheme and any mitigation measures may also be required. 

Further information on maintenance can be found in Section 3.3 of the front-end chapters of the ES. 

8.1 Flood Risk Mitigation Measures 

8.1.1  Frogmore Road area 

Comparison of flood depths in the baseline and with scheme scenarios has identified that the following 

assets are shown to be impacted in the future extreme tidal scenarios (0.5% AEP with climate change): 

• Frogmore Road (4) 

• SWW Frogmore Road Pumping Station with tank (5) 

• Frogmore Road Electricity Substation (6) 

• Frogmore Road land drain (accommodating emergency overflow from storm tank) (E) 

The with scheme flood extents in this area for the 0.5% AEP climate change scenarios are shown in Figure 

8.1.  
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Figure 8.1: Flood extents and levels in Frogmore Road area 

 

A comparison of property thresholds and nearby road levels with baseline and with scheme peak water levels 

for these scenarios is shown in Table 8.1. Where receptors are located outside of the flood extent, the peak 

level from the nearest flooded area is used. Receptors 16, 17 and 18 are also considered due to their 

proximity to Frogmore Road. Peak levels from the 1% AEP present day fluvial scenario have also been 

included for comparison – it is important to note that the existing (baseline) risk to these receptors from 

fluvial sources is greater than the projected future risks from tidal sources as a result of the scheme, and that 

the scheme reduces fluvial flood risk in this area. 

Table 8.1: Comparison of receptor thresholds with peak water levels at Frogmore Road 

Receptor and 

threshold level 

Baseline 

peak level - 

0.5% AEP 

tidal with 

higher 

central 

allowance 

(mAOD) 

With 

scheme 

peak level - 

0.5% AEP 

tidal with 

higher 

central 

allowance 

(mAOD) 

Baseline 

peak level - 

0.5% AEP 

tidal with 

upper end 

allowance 

(mAOD) 

With 

scheme 

peak level - 

0.5% AEP 

tidal with 

upper end 

allowance 

(mAOD) 

Baseline 

peak level - 

1% AEP 

fluvial 

present day 

(mAOD) 

With 

scheme 

peak level - 

1% AEP 

fluvial 

present day 

(mAOD) 

4 - Frogmore road 

highway 

Lowest point: 

3.80mAOD 

4.06 4.24 4.53 4.60 5.10 4.99 

5 – SWW East 

Budleigh Pumping 

Station 

Threshold: 

4.50mAOD 

4.06 4.24 4.53 4.60 5.05 4.96 

6 – Frogmore 

Road Electricity 

Substation 

Threshold: 

4.50mAOD 

4.06 4.24 4.53 4.60 5.08 4.98 

16 – The Cottage, 

Meadow Cottage 

and Flint Cottage 

Thresholds: 4.90-

5.30mAOD 

4.06 4.24 4.53 4.60 5.16 5.06 
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Receptor and 

threshold level 

Baseline 

peak level - 

0.5% AEP 

tidal with 

higher 

central 

allowance 

(mAOD) 

With 

scheme 

peak level - 

0.5% AEP 

tidal with 

higher 

central 

allowance 

(mAOD) 

Baseline 

peak level - 

0.5% AEP 

tidal with 

upper end 

allowance 

(mAOD) 

With 

scheme 

peak level - 

0.5% AEP 

tidal with 

upper end 

allowance 

(mAOD) 

Baseline 

peak level - 

1% AEP 

fluvial 

present day 

(mAOD) 

With 

scheme 

peak level - 

1% AEP 

fluvial 

present day 

(mAOD) 

Adjacent Road 

Level: 4.30-

4.40mAOD 

 

17 – Rose Cottage 

Threshold: 

4.50mAOD 

Adjacent Road 

Level: 4.00mAOD 

4.06 4.24 4.53 4.60 5.12 5.01 

18 – Syon Barn 

Threshold: 

4.30mAOD 

Adjacent Road 

Level: 3.80mAOD 

4.06 4.24 4.53 4.60 5.10 4.99 

E 

Overflow pipe 

from storm tank 

invert level: 

2.2mAOD 

4.06 4.23 4.53 4.60 5.07 4.96 

The results presented in Table 8.1 show that the highway at Frogmore Road (receptor 4) is at an increased 

risk of flooding from extreme (0.5% AEP) tidal events in both of the projected climate change scenarios. For 

the higher central allowance flood depths at the lowest point in the road increase from around 250mm in the 

baseline scenario to around 450mm with the scheme in place. For the upper end allowance flood depths 

increase from around 750mm to 800mm as a result of the scheme.  

Four properties (receptors 5, 6, 17 and 18), are at an increased risk of internal flooding in the upper end 

scenario as a result of the scheme. The properties are subject to the following increases in internal flood 

depth in this scenario: receptor 5 - 30mm (baseline) to 100mm (with scheme); receptor 6 - 30mm to 

100mm; receptor 17 – 30mm to 100mm; and receptor 18 – 230mm to 300mm. Model results indicate that 

these properties would not be impacted by increases in flood level for the higher central allowance as their 

thresholds are above the flood levels. 
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The following mitigation measures are currently under consideration at this location: 

• Localised flood defences and flood gates across driveways/access points at individual properties, 

along their eastern boundaries adjacent to the highway; or 

• A raised earth embankment installed in fields immediately east of the highway. This would need to 

be approximately 400m long and range from 0.4-1.0m high to provide a defence level up to the 

0.5% (with upper end climate change) scenario. 

Further detailed survey will need to be undertaken at detailed design stage to confirm the preferred option. 

Whilst receptors 5 and 6 would be subject to an increase in internal flood depth in the upper end scenario, 

predicted flood depths are very shallow (100mm). As these receptors are utilities infrastructure, the buildings 

themselves are not expected to be sensitive to shallow internal flooding. However, further consultation with 

the asset owners will be undertaken at detailed design stage to confirm that all equipment is raised above 

flood level and to identify any further mitigation (e.g. equipment raising) that would be required. Mitigation 

for potential impacts on receptor E, which has an invert level significantly lower than flood levels in a range of 

baseline and with scheme scenarios, will also be considered. 

It is important to note that the receptors described above are only subject to increased flood risk as a result of 

the scheme in extreme events, which would be expected to occur very infrequently, and under projected 

climate change scenarios, which are subject to considerable uncertainty. Furthermore, the receptors are at a 

much greater existing risk from fluvial flooding and, whilst fluvial flood risk in this area is shown to reduce as 

a result of the scheme, fluvial flood risk to the receptors will remain higher than tidal flood risk with the 

scheme in place. It may therefore be appropriate to deliver the proposed mitigation measures as part of a 

managed adaptive approach. This would allow them to be delivered as part of a future phase when there is 

more certainty about the impacts of climate change and when they may be able to be combined with a 

separate scheme addressing fluvial flood risk (not required as part of the LORP project). Phasing of mitigation 

measures will be considered further at detailed design stage. 

8.1.2 Rear garden of 94a Granary Lane 

Model results show that the boundary edge area of the steeply sloping rear garden of 94a Granary Lane will 

be subject to increased flood risk in present day extreme tidal events (0.5% AEP and 0.1% AEP) as a result of 

the scheme. Over time, the impacts of the scheme on tidal flood risk at this location will reduce due to 

climate change as the area would flood to a similar level regardless of whether the scheme is in place or not, 

as shown in the 0.5% AEP with climate change scenarios. It is also important to note that, whilst the scheme 

results in an increase in flood depth of 100mm in the 0.5% AEP tidal event and around 250mm in the 0.1% 

AEP tidal event, it is subject to reduced risk of fluvial flooding as a result of the scheme (approx. 200mm 

reduction in flood depth in the 1% AEP event).  The area is at a much greater existing risk from fluvial 

flooding and, whilst fluvial flood risk in this area is shown to reduce as a result of the scheme, fluvial flood risk 

to the receptor will remain higher than tidal flood risk with the scheme in place. Overall, the changes to flood 

impacts to the garden area are deemed minimal, and therefore no mitigation is proposed as part of the 

scheme. 

8.1.3 Rising main across the Otter Estuary 

The following receptor has been identified as being subject to a very small (10mm) increase in flood depth, in 

the 0.5% AEP with climate change (higher central) scenario, as a result of the scheme: 

• 450mm diameter rising main extending from a manhole chamber at National Grid Reference [NGR] 

SY 07700 81950 on Budleigh Salterton Spit, across the Otter Estuary to Otterton Point (Q) 

It is proposed that this pipe will be diverted (by SWW), with a new installation further north at a greater depth 

beneath the Estuary. The new pipe will be designed and located to minimise risks due to changes in tidal 
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flows and depths in the estuary, due to the proposed LORP scheme. This existing pipe in the estuary mouth 

will become redundant.  

8.1.4 Footpaths 

The modelling has shown impacts to the following footpaths as a result of the scheme: 

• Otterton 1a (OT-1a) and East Budleigh 1 (EB-1) - Footpath section to be lowered as part of Little 

Bank breach, resulting in impacts in extreme fluvial and tidal events (present day). 

• Otterton 1b (OT-1b) - Footpath section to be lowered as part of Big Bank breach, resulting in impacts 

in all modelled events. 

• Budleigh Salterton 12 (BS-12) - Impacts in present-day tidal events. 

• East Budleigh 1 (EB-1) – Short footpath section west of Little Bank, resulting in very small impacts in 

higher central climate change tidal event. 

• East Budleigh 3 (EB-3) – Long sections of existing footpath will be raised but still are risk of impacts 

in present day tidal events. 

• Otterton 2 (OT-2) and East Budleigh 16 (EB-16) – Diverted onto new raised embankment for South 

Farm Road. Very minor flooding in extreme events. 

Where footpaths form part of the proposed Little Bank and Big Bank breaches they must be continued across 

the proposed breaches and cannot be closed or diverted permanently. It should be noted that these 

footpaths are already at risk from fluvial flooding and are therefore subject to inundation, which would make 

them impassable. The increased flood risk in extreme tidal events as a result of the scheme would be 

expected to occur infrequently and therefore is not considered to present a significant change to the overall 

flood risk to these routes. 

Whilst the overall flood risk is not considered to be significantly higher as a result of the scheme, the 

proposed breaches will receive high cross velocities during fluvial flood events (large enough to be out of 

bank on the River Otter and utilizing the floodplain) on both of these lowered footpath sections and they may 

therefore be subject to an increased risk of damage during flood events if rebuilt using similar construction to 

existing. Additionally, Big Bank breach will also see regular tidal inundation (MHWS) and extreme tidal event 

impacts. Little Bank will see extreme tidal event impacts. As mitigation for this increased risk of damage from 

flooding, the lowered path sections will use a robust concrete surfacing and edge protection against scour. To 

reduce the risk to footpath users, warning signage, depth gauges and edge marks will be installed at 

consistent spacing along the paths, to inform the public of potential tidal inundation, flowing water, etc.  

Signage will also provide information of nearest high ground or alternative escape routes.  

For mitigation of EB-1 footpath section, see applicable details for receptors 5 and 6 described in section 

8.1.1. 

The existing EB-3 footpath has long low-lying sections that will see regular tidal inundation (MHWS) and 

extreme tidal/fluvial flooding (when these cover the floodplain). Mitigation will include raising two short 

sections of the footpath above MHWS levels, aligned to existing access routes to high ground. The remaining 

section of path (approx. 900m length) will also be raised, although to a 1.80mAOD level, to reduce the 

frequency of tidal inundation. Additionally, warning signage, depth gauges and edge marks will be installed 

at consistent spacing along the path, to inform the public of potential tidal inundation, flowing water, etc.  

Signage will also provide information of nearest high ground (including raised sections) or alternative escape 

routes. Further consultation on this will be undertaken with the tenant farmer and landowner at detailed 

design stage. 
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For footpath BS-12 raising of the footpath is proposed to mitigate increases in flood risk, which will be 

undertaken by others as part of the proposed FAB-link project. (separate to this planning application). 

For footpaths OT-2 and EB-16, the proposed new South Farm Highway embankment will include additional 

segregated raised footpath sections to divert this PRoW above all but the most extreme flood levels, as way 

of mitigation. The new path levels are approx. 3m higher than the existing lowest areas of highway, which can 

currently flood to large depths in extreme events. 

8.1.5 Granary Lane (Surface Water) 

The assessment of surface water flood risk for outfalls from Granary Lane and the low-lying section of 

highway near No.2 Granary Lane, concluded that the proposed LORP scheme (and introduced tidal water) will 

not worsen the risk of flooding to receptors. Where existing outfall pipes have no form of non-return valve, 

these will be installed as part of the proposed LORP scheme. The existing trunk drain will remain and be 

connected to the new tidal creek system, where ebb tide flushing flows will help reduce silt build up at the 

pipe outlets. 

There is no other mitigation as part of the scheme suggested; further consultations between the project team, 

EA, SWW and LLFA (DCC) will continue throughout the next phases. 

8.1.6 Kersbrook (South Farm Road Cottages) 

The proposed raised and realigned South Farm Road highway will reduce fluvial and more extreme tidal 

flood risk to the access road for South Farm Cottages. However, the typical MHWS tides will potentially 

hydraulically lock the outfall of the Kersbrook if timed with intense heavy rainfall and cut off the access to 

number 3 South Farm Cottage (for short durations). 

As mitigation, the new South Farm Road highway and footpath ramp will include an increased sized culvert 

outfall for the Kersbrook (with non-return valve) of at least 900mm diameter (existing culvert has a 300mm 

diameter). Additionally, a higher-level overspill culvert (also with non-return valve) will be installed adjacent, 

to allow the backing up surface water to drain more quickly in extreme events. The new footpath ramp will 

also be designed for potential overtopping flood water in very extreme events, in terms of scour and high 

over-spilling flows.  

Further mitigation will include re-profiling a small section of existing highway used as access to numbers 1 

and 2 South Farm Cottages, with levels also raised approx. 200mm. This will allow the access road to remain 

dry in less extreme flood events. It is important to note that in larger events this route would be affected 

regardless, without the scheme in place and this will continue to be the case in the with scheme condition. It 

is accepted that the existing highway section used by No.3 will inundate with water from the Kersbrook 

occasionally, cutting off the main access. Consultations with the landowner have agreed in principle that No.3 

South Farm Cottage can continue (as they do now) to use the access (vehicle and pedestrian) of Nos 1 and 2 

during emergencies or surface water flooding events. Pedestrian access is possible through the rear gardens.  
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9. Conclusions 

This FRA has been prepared to assess the flood risks from all sources to and arising from the LORP proposals. 

One of the key objectives of the proposed scheme is to re-naturalise and restore the Lower Otter Estuary and 

floodplain. By doing so, the scheme as a hugely beneficial impact on the local area and reduces flood risk in a 

number of locations. Where flood risk to receptors is increased, measures have been proposed to mitigate the 

impacts. 

The proposed scheme will restore the Lower Estuary to a state much closer to its natural form before 

construction of the embankments in the early 19th century. Tidal water will inundate large areas of the 

floodplain, cut off for at least 200 years, on a daily basis. Some receptors require mitigation measures as a 

result. These include the private access road for South Farm Cottages, the edge of the historic landfill site, 

estuary mouth infrastructure and some lowered footpath sections. 

The modelled extreme fluvial and tidal events show minimal change from the proposed scheme to receptors 

and the wider floodplain. The key reason for this is that the existing site and embankments will overtop in 

these extreme events leading to the same or similar flood risk. There are some localised areas where 

velocities change in the proposed scheme, mostly due to the creation of the breaches in banks. One key 

benefit of the proposed scheme is reducing the risk of very large quantities of flood water becoming trapped 

in Southern Big Marsh (where the duration can last for a few days) and Little Marsh, as the new breaches 

would allow this to drain away more quickly. This also reduces flood level in these areas for present day 

fluvial events. 

Without the implementation of the proposed LORP scheme, future climate change (sea level rise and 

increased storm frequency) is expected to increase the risk of uncontrolled breaching of the existing estuary 

embankment. If this were to occur, then the floodplain could immediately start to inundate with tidal water, 

putting many receptors and South Farm Road at high risk of flooding. 

Large changes are expected at the estuary mouth and inner estuary channels due to the large tidal prism 

increase with the proposed scheme. These areas of the estuary will be allowed to evolve through natural 

processes without significant intervention. It is estimated that existing channels could substantially widen 

and/or deepen, before eventually reaching a quasi-equilibrium state. There is a degree of uncertainty when 

predicting how the area will behave. These changes through natural processes contribute to the restoration 

of the estuary and are considered beneficial to the SSSI, MCZ and World Heritage Site. Initial changes will be 

monitored regarding public safety around the Shingle Bar and Spit areas.  
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Appendix A. Flood Risk Mapping 
Including: 

1% AEP Fluvial Event 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

0.1% AEP Fluvial Event 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

0.5% AEP Tidal Event 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

0.1% AEP Tidal Event 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

1% AEP Fluvial Event + Climate Change 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

0.5% AEP Tidal Event + Climate Change (Higher Central) 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 

0.5% AEP Tidal Event + Climate Change (Upper End) 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 
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MHWS Event 

• Baseline Depth (without LORP) 

• With Scheme Depth 

• Depth Difference 

• Velocity Difference 
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Appendix B. Receptor Impact Matrix 

 



Event

Fluvial Boundary
(max velocity)

Tidal Boundary (max
elevation)

Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference Baseline LORP Difference

Receptor GIS Label Type NGR Status with LORP

Lime Kiln car park and playground (1) 1 Amenity asset SY 07280 82050 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.08 0.00 4.30 4.30 0.00 0.11 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.19 0.04 4.63 4.63 0.00 0.44 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.09 0.01 0.07 0.07 0.01 4.66 4.64 -0.01 0.46 0.45 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SWW stormwater overflow pumping station
adjacent to Lime Kiln car park (2) 2 Drainage Infrastructure SY 07240 82100 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.12 0.00 4.30 4.31 0.00 0.52 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.22 0.03 4.64 4.64 0.01 0.85 0.85 0.01 0.04 0.05 0.01 4.28 4.28 0.01 0.49 0.50 0.01 0.06 0.08 0.02 4.66 4.64 -0.01 0.87 0.86 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Agricultural building close to properties at
White Lodge (3) 3 Private Property SY 07705 85087 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Frogmore Road (4) 4 Transport Infrastructure SY 07256 84444 Retained 0.23 0.21 -0.02 5.10 4.99 -0.10 1.46 1.35 -0.10 0.33 0.35 0.02 5.19 5.15 -0.04 1.55 1.51 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.38 0.02 5.23 5.19 -0.04 1.59 1.55 -0.04 0.01 0.03 0.03 4.06 4.24 0.18 0.41 0.59 0.18 0.05 0.04 0.00 4.53 4.60 0.07 0.89 0.96 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SWW Frogmore Road pumping station with
tank (5) 5 Drainage Infrastructure SY 07383 84376 Retained 0.69 0.70 0.01 5.05 4.96 -0.10 1.14 1.04 -0.10 0.85 0.96 0.11 5.12 5.07 -0.04 1.21 1.16 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 1.00 0.13 5.17 5.12 -0.05 1.26 1.21 -0.05 0.04 0.05 0.02 4.06 4.24 0.18 0.14 0.32 0.18 0.10 0.08 -0.01 4.53 4.60 0.07 0.62 0.69 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Frogmore Road Electricity substation (6) 6 Electricity Infrastructure SY 07381 84397 Retained 0.50 0.64 0.14 5.08 4.98 -0.10 0.66 0.56 -0.10 0.63 0.83 0.19 5.16 5.12 -0.04 0.74 0.70 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.85 0.20 5.20 5.16 -0.04 0.78 0.74 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.11 0.05 4.53 4.60 0.07 0.11 0.18 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SWW Frogmore Road outfall to River Otter (7) 7 Drainage Infrastructure SY 07742 84193 Retained 1.20 1.39 0.20 4.02 3.85 -0.18 0.99 0.81 -0.18 1.20 1.39 0.20 4.51 4.48 -0.04 1.48 1.44 -0.04 0.10 0.10 0.00 3.30 3.19 -0.11 0.26 0.15 -0.11 0.12 0.11 -0.01 3.36 3.32 -0.04 0.33 0.29 -0.04 1.21 1.39 0.18 4.81 4.79 -0.02 1.78 1.76 -0.02 0.32 0.23 -0.09 4.29 4.30 0.01 1.26 1.27 0.01 0.27 0.28 0.02 4.67 4.66 -0.01 1.63 1.62 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Budleigh Brookaqueduct (8) 8 Drainage Infrastructure SY 07310 84184 and SY 07386
84099 Removed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

South Farm Road with White Bridge (9) 9 Transport Infrastructure SY 07500 83027 (at bridge)

Road to be realigned
and bridge on
western end of site
added; White Bridge
to be retained

1.78 1.37 -0.41 3.60 3.45 -0.14 3.39 3.25 -0.14 1.92 1.39 -0.54 4.33 4.33 0.00 4.13 4.13 0.00 0.40 0.63 0.22 3.30 3.17 -0.12 3.09 2.97 -0.12 0.53 0.63 0.10 3.36 3.30 -0.06 3.16 3.10 -0.06 1.89 1.33 -0.56 4.66 4.67 0.01 4.46 4.46 0.01 0.92 0.91 -0.01 4.29 4.28 -0.01 4.09 4.08 -0.01 0.90 0.94 0.05 4.67 4.64 -0.03 4.47 4.43 -0.03 0.34 0.34 -0.01 2.57 2.37 -0.20 2.37 2.17 -0.20

Cricket club car park, pavilion and ancillary
building (10) 10 Amenity asset SY 07259 82171 (pavilion) and SY

07332 82194 (ancillary building) Removed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rear garden of 94a Granary Lane (11) 11 Private Property SY 07126 82555 Retained 0.01 0.01 0.00 3.63 3.45 -0.18 0.58 0.40 -0.18 0.01 0.01 0.00 4.32 4.32 0.00 1.27 1.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.00 0.02 0.02 0.00 3.31 3.31 0.00 0.26 0.26 0.02 0.02 0.00 4.65 4.65 0.01 1.60 1.60 0.01 0.02 0.03 0.00 4.28 4.29 0.01 1.23 1.24 0.01 0.02 0.03 0.01 4.66 4.65 -0.01 1.61 1.60 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

South Farm/South Farm Court (12) 12 Private Property SY 07858 82795 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Otter Rise (South Farm Road) (13) 13 Private Property SY 07679 82999 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

White Lodge and adjacent properties (off Fore
Street, Otterton) (14) 14 Private Property SY 07696 85180 Retained 0.00 0.00 0.00 5.98 5.98 0.00 0.10 0.10 0.00 0.64 0.84 0.20 6.05 6.02 -0.04 0.17 0.13 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 0.89 0.11 6.10 6.05 -0.05 0.22 0.16 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Frogmoor House and nearby properties
(Frogmoor Road) (15) 15 Private Property SY 07422 85148 Retained 0.00 0.00 0.00 5.37 5.32 -0.05 0.06 0.01 -0.05 0.30 0.41 0.11 5.62 5.58 -0.04 0.30 0.27 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.44 0.12 5.69 5.65 -0.04 0.38 0.34 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Meadow Cottage and nearby properties
(Frogmoor Road) (16) 16 Private Property SY 07272 84811 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Unnamed Property on Frogmore Road (17) 17 Private Property SY 07250 84633 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.28 5.24 -0.04 0.06 0.02 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Thorn Mill Farm property on Frogmore Road
(18) 18 Private Property SY 07246 84445 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pulhayes Farm and Petersfield (19) 19 Private Property SY 07098 84050 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Properties at Mill Roy (along B3178 East
Budleigh Road) (20) 20 Private Property SY 06971 83813 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3No Cottages along South Farm Road (21) 21 Private Property SY 07007 83016 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.02 4.33 4.36 0.04 0.24 0.28 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.01 4.65 4.68 0.03 0.57 0.60 0.03 0.03 0.05 0.02 4.28 4.29 0.01 0.20 0.21 0.01 0.02 0.05 0.03 4.66 4.65 -0.01 0.58 0.57 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Properties along Granary Lane, Budleigh
Salterton (22) 22 Private Property SY 07129 82281 Retained 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Otterton 1 (OT-1) OT-1 Public Right of Way SY 07406 82690, SY 07888 85259 Partially removed 2.57 2.26 -0.31 6.00 6.12 0.13 2.98 2.81 -0.17 3.07 2.83 -0.25 6.37 6.33 -0.04 3.68 3.68 0.00 1.58 0.85 -0.73 3.31 3.20 -0.12 2.00 2.51 0.51 3.03 2.67 -0.36 3.39 3.34 -0.05 2.07 2.67 0.60 3.17 2.83 -0.34 6.44 6.40 -0.04 4.01 4.01 0.01 3.69 2.12 -1.57 4.34 4.34 0.00 3.64 3.65 0.01 3.83 2.25 -1.58 4.71 4.69 -0.02 4.02 4.01 -0.01 0.20 0.35 0.15 2.59 2.39 -0.19 1.27 1.67 0.40

Otterton 1a (OT-1a) OT-1a Public Right of Way SY 07669 84121, SY 07593 84341 Retained, lowered &
protected 0.57 1.19 0.62 4.06 3.74 -0.31 2.04 1.73 -0.30 0.57 1.20 0.63 4.53 4.49 -0.04 2.53 2.50 -0.03 0.00 0.26 0.26 0.00 3.13 3.13 0.00 1.15 1.15 0.00 1.32 1.32 0.00 3.30 3.30 0.01 1.32 1.31 0.56 1.19 0.64 4.31 4.27 -0.04 2.31 2.28 -0.03 1.20 0.46 -0.75 4.29 4.30 0.01 2.31 2.32 0.01 1.08 0.48 -0.61 4.67 4.66 -0.01 2.69 2.68 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Otterton 1b (OT-1b) OT-1b Public Right of Way SY 07529 83912, SY 07429 84032 Retained, lowered &
protected 1.17 1.09 -0.08 3.94 3.69 -0.25 2.69 3.16 0.48 1.39 1.08 -0.31 4.46 4.44 -0.03 3.22 3.93 0.71 0.01 0.24 0.23 3.29 3.17 -0.12 1.18 2.63 1.45 0.00 2.80 2.79 3.36 3.32 -0.04 1.25 2.80 1.55 1.22 0.83 -0.39 4.23 4.22 -0.01 2.99 3.72 0.72 1.73 0.33 -1.40 4.29 4.30 0.01 3.05 3.80 0.75 1.44 0.35 -1.09 4.67 4.66 -0.01 3.43 4.16 0.73 0.00 0.15 0.15 2.59 2.39 -0.19 0.48 1.79 1.31

Otterton 2 (OT-2) OT-2 Public Right of Way SY 07610 83072, SY 07174 83021 Retained, raised 1.82 1.29 -0.53 3.65 3.62 -0.03 4.08 3.98 -0.10 2.12 1.62 -0.50 4.36 4.39 0.03 4.80 4.82 0.02 1.11 0.39 -0.72 3.29 3.17 -0.12 3.74 3.61 -0.13 1.33 3.76 2.43 3.36 3.31 -0.04 3.80 3.76 -0.04 1.74 1.25 -0.50 4.12 4.17 0.05 4.56 4.59 0.03 2.59 0.91 -1.68 4.28 4.30 0.01 4.72 4.75 0.02 2.62 0.94 -1.68 4.66 4.66 -0.01 5.11 5.11 0.00 0.38 0.33 -0.05 2.58 2.38 -0.20 3.03 2.83 -0.20

Otterton 10 (OT-10) OT-10 Public Right of Way SY 08092 82141, SY 07610 83072 Retained 0.07 0.05 -0.02 3.49 3.42 -0.06 0.92 0.86 -0.06 0.12 0.12 0.00 4.31 4.31 0.00 1.75 1.75 0.00 0.03 0.02 -0.01 3.30 3.17 -0.13 0.74 0.61 -0.13 0.03 0.75 0.72 3.39 3.31 -0.07 0.82 0.75 -0.07 0.18 0.05 -0.13 4.08 4.07 0.00 1.51 1.51 0.00 0.17 0.17 0.01 4.28 4.29 0.01 1.72 1.72 0.01 0.22 0.23 0.02 4.66 4.65 -0.01 2.10 2.09 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 -0.01

Budleigh Salterton 12 (BS-12) BS-12 Public Right of Way SY 07202 82147, SY 07102 82803 Retained, raised (by
others) 2.40 0.38 -2.02 3.63 3.45 -0.18 1.46 1.28 -0.18 0.63 0.46 -0.16 4.33 4.32 0.00 2.16 2.15 0.00 0.60 0.36 -0.24 1.33 3.15 1.82 0.00 0.98 0.98 0.65 2.67 2.02 1.83 3.31 1.48 0.00 1.14 1.14 0.62 1.25 0.63 4.65 4.66 0.01 2.48 2.49 0.01 0.68 0.42 -0.26 4.28 4.29 0.01 2.11 2.12 0.01 0.68 0.48 -0.20 4.66 4.65 -0.01 2.49 2.48 -0.01 0.00 0.30 0.30 0.00 2.31 2.31 0.00 0.14 0.14

Budleigh Salterton 30 (BS-30) BS-30 Public Right of Way SY 07648 81944, SY 06859 81927 Retained, shortened 2.09 2.19 0.09 3.92 3.98 0.07 5.52 5.58 0.06 2.88 2.25 -0.63 4.28 4.28 0.00 5.60 5.58 -0.02 0.59 0.14 -0.46 3.32 3.32 0.00 4.92 4.92 0.00 1.26 5.06 3.80 3.46 3.46 0.00 5.06 5.06 0.00 2.77 2.58 -0.20 4.94 4.97 0.03 6.54 6.57 0.03 1.82 0.44 -1.38 4.33 4.33 0.00 5.93 5.93 0.00 1.38 0.88 -0.50 4.67 4.66 0.00 6.26 6.26 0.00 1.19 1.27 0.08 2.57 2.57 0.00 4.17 4.17 0.00

Budleigh Salterton 35 (BS-35) BS-35 Public Right of Way SY 07240 81982, SY 07179 82144 Retained 2.67 0.40 -2.27 3.63 3.45 -0.18 0.23 0.05 -0.18 2.66 0.40 -2.25 4.32 4.31 0.00 0.92 0.91 0.00 2.55 0.33 -2.22 1.33 3.14 1.81 0.00 0.00 0.00 2.60 3.38 0.78 1.83 3.30 1.48 0.00 0.00 0.00 5.83 3.85 -1.97 4.64 4.65 0.01 1.24 1.25 0.01 2.65 0.49 -2.16 4.28 4.29 0.01 0.88 0.89 0.01 2.25 0.52 -1.73 4.66 4.65 -0.01 1.26 1.25 -0.01 0.00 0.48 0.48 0.00 2.31 2.31 0.00 0.00 0.00

East Budleigh 1 (EB-1) EB-1 Public Right of Way SY 07593 84341, SY 07259 84441 Retained, lowered &
protected 3.49 2.50 -0.99 5.11 5.00 -0.11 1.41 1.30 -0.11 3.87 3.85 -0.02 5.20 5.16 -0.03 1.50 1.46 -0.03 0.00 0.52 0.52 0.00 3.13 3.13 0.00 0.00 0.00 0.00 2.30 2.30 0.00 3.30 3.30 0.00 0.00 0.00 3.77 3.51 -0.26 5.15 5.11 -0.04 1.45 1.41 -0.04 0.84 0.56 -0.28 4.29 4.32 0.03 0.59 0.62 0.03 0.62 0.59 -0.04 4.67 4.68 0.01 0.97 0.98 0.01 0.00 0.04 0.04 0.00 2.25 2.25 0.00 0.00 0.00

East Budleigh 1a (EB-1a) EB-1a Public Right of Way SY 07213 82930, SY 07109 83022 Removed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

East Budleigh 2 (EB-2) EB-2 Public Right of Way SY 07213 82930, SY 07109 83022 Retained with bridge 2.35 1.20 -1.15 3.63 3.45 -0.18 4.53 3.94 -0.58 2.74 1.20 -1.55 4.33 4.33 0.01 5.23 4.83 -0.40 0.18 1.46 1.28 3.30 3.17 -0.14 4.20 3.66 -0.54 0.42 3.82 3.41 3.40 3.32 -0.08 4.30 3.82 -0.47 2.61 2.77 0.16 4.65 4.68 0.03 5.55 5.17 -0.38 3.47 1.96 -1.51 4.29 4.31 0.02 5.19 4.81 -0.38 3.44 2.09 -1.35 4.66 4.70 0.03 5.56 5.17 -0.39 0.02 1.83 1.81 2.57 2.34 -0.23 3.47 2.84 -0.63

East Budleigh 3 (EB-3) EB-3 Public Right of Way SY 07102 82803, SY 07429 84032 Retained, lowered &
protected 1.20 1.15 -0.05 3.93 3.67 -0.26 2.43 2.17 -0.26 1.70 1.51 -0.19 4.46 4.44 -0.02 2.96 2.94 -0.02 0.40 0.73 0.33 1.38 3.16 1.79 0.00 1.66 1.66 0.47 2.73 2.26 1.90 3.32 1.42 0.40 1.82 1.42 2.02 1.94 -0.08 4.77 4.77 0.00 3.27 3.27 0.00 1.90 1.43 -0.47 4.30 4.31 0.01 2.80 2.81 0.01 2.06 2.17 0.11 4.70 4.68 -0.01 3.20 3.18 -0.01 0.00 0.44 0.44 0.00 2.31 2.31 0.00 0.81 0.81

East Budleigh 16 (EB-16) EB-16 Public Right of Way SY 07174 83021, SY 06948 82995 Retained, raised 0.85 1.10 0.25 3.65 3.61 -0.04 3.53 3.39 -0.14 0.88 1.09 0.22 4.35 4.38 0.03 4.23 4.16 -0.07 0.93 1.32 0.38 1.39 3.13 1.74 1.24 2.91 1.67 0.95 3.08 2.13 1.89 3.30 1.40 1.76 3.08 1.32 0.68 2.26 1.57 4.68 4.70 0.02 4.55 4.48 -0.07 0.55 1.69 1.14 4.29 4.29 0.00 4.17 4.08 -0.09 0.60 1.74 1.14 4.67 4.65 -0.02 4.54 4.44 -0.11 0.00 1.02 1.02 0.00 2.29 2.29 0.00 2.07 2.07

Overhead Power line following South Farm
Road

Electricity Infrastructure Removed, buried - - -

Overhead Power line following PRoW Budleigh
Salterton 12

Electricity Infrastructure Removed, buried - - -

Overhead Power line following PRoW East
Budleigh 3

Electricity Infrastructure Removed, buried - - -

Overhead Telecoms line following South Farm
Road

Communications
Infrastructure Removed, buried - - -

Overhead Power line east of Pullhayes Farm A Electricity Infrastructure SY 07379 84305 Retained 0.31 0.61 0.30 3.96 3.69 -0.26 1.30 1.04 -0.26 0.53 0.74 0.21 4.47 4.44 -0.03 1.82 1.78 -0.03 0.00 0.02 0.02 0.00 3.13 3.13 0.00 0.48 0.48 0.00 0.02 0.02 0.00 3.40 3.40 0.00 0.65 0.65 0.53 0.64 0.11 4.79 4.77 -0.02 2.13 2.11 -0.02 0.08 0.07 -0.01 4.29 4.30 0.01 1.64 1.65 0.01 0.07 0.08 0.00 4.67 4.66 -0.01 2.01 2.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Water distribution pipe (unknown diameter)
passing through the disused railway culvert
before running east through the floodplain area,
beneath Little Bank and The River Otter

B Water Distribution
Infrastructure SY 07479 84264

Retained (buried),
with potential
protection measures

Rising main (unknown diameter) originating at
the SWW Frogmore Road Sewage Pumping
Station passing through the disused railway
culvert before running east through the
floodplain area, beneath Little Bank and The
River Otter

C Drainage infrastructure SY 07479 84264
Retained (buried),
with potential
protection measures

300mm diameter overflow pipe (gravity)
originating at the SWW Frogmore Road
Sewage Pumping Station running along the
alignment of Little Bank to discharge into the
River Otter 15m south of Clamour (foot) Bridge

D Drainage Infrastructure
(outfall) SY 07742 84198 Retained,

diverted/protected 1.20 1.39 0.20 4.02 3.85 -0.18 0.99 0.81 -0.18 1.20 1.39 0.19 4.51 4.48 -0.04 1.48 1.44 -0.04 0.10 0.10 0.00 3.30 3.19 -0.11 0.26 0.15 -0.11 0.12 0.11 -0.01 3.36 3.32 -0.04 0.33 0.29 -0.04 1.21 1.39 0.18 4.81 4.79 -0.02 1.78 1.76 -0.02 0.32 0.23 -0.09 4.29 4.30 0.01 1.26 1.27 0.01 0.27 0.28 0.02 4.67 4.66 -0.01 1.63 1.62 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Frogmore Road land drain (accommodating
emergency overflow from storm tank) E Drainage Infrastructure

(outfall) SY 07379 84365 Retained 0.43 0.41 -0.03 5.07 4.96 -0.10 1.66 1.56 -0.10 0.54 0.55 0.01 5.14 5.10 -0.04 1.73 1.69 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.57 0.04 5.18 5.14 -0.04 1.77 1.73 -0.04 0.30 0.24 -0.06 4.06 4.23 0.18 0.65 0.83 0.18 0.37 0.28 -0.10 4.53 4.60 0.07 1.12 1.19 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Trunk pipe (unknown diameter) crossing
Budleigh Brook running north east (west of the
Frogmoor Road pumping Station)

F Drainage Infrastructure SY 07157 84287, SY 07266 84404 Retained (buried)

Untreated sewer pipe (unknown diameter) in
the field between Pulhayes Farm and the
Frogmore Road Sewage pumping station

G Drainage Infrastructure SY 07164 84317, SY 07266 84404 Retained (buried)

250mm diameter Ductile Iron combined sewer
pipe, running north to south through the
floodplain, then joining Lime Kiln pumping
station

H Drainage Infrastructure SY 07224 82526 Retained (buried)

225mm diameter precast concrete combined
sewer outfall (ref 1701) to the trunk drain near
the rear of property No. 104 Granary Lane

I Drainage Infrastructure
(outfall) SY 07106 82738 Retained 0.27 0.19 -0.07 3.63 3.45 -0.18 1.79 1.36 -0.43 0.31 0.29 -0.02 4.32 4.32 0.00 2.49 2.23 -0.26 0.00 0.17 0.17 0.00 3.15 3.15 0.00 1.06 1.06 0.00 0.17 0.17 0.00 3.31 3.31 0.00 1.22 1.22 0.19 0.33 0.14 4.65 4.66 0.01 2.81 2.57 -0.25 0.12 0.19 0.07 4.28 4.29 0.01 2.45 2.20 -0.25 0.10 0.20 0.09 4.66 4.65 -0.01 2.82 2.56 -0.27 0.00 0.12 0.12 0.00 2.31 2.31 0.00 0.22 0.22

225mm diameter vitrified clay surface water
outfall (ref 1501) to the trunk drain near the rear
of property No. 94a Granary Lane

J Drainage Infrastructure
(outfall) SY 07142 82565 Retained 0.42 0.35 -0.07 3.63 0.34 -3.29 2.89 2.82 -0.08 0.60 0.35 -0.25 4.32 4.32 0.00 3.58 3.68 0.10 0.51 0.35 -0.16 1.33 3.15 1.82 0.59 2.51 1.92 0.62 0.35 -0.26 1.83 3.31 1.48 1.09 2.67 1.58 0.61 1.25 0.64 4.65 4.65 0.01 3.91 4.02 0.11 0.63 0.41 -0.22 4.28 4.29 0.01 3.55 3.65 0.11 0.60 0.42 -0.18 4.66 4.65 -0.01 3.93 4.01 0.09 0.00 0.29 0.29 0.00 2.31 2.31 0.00 1.67 1.67

550mm diameter precast concrete pipe
foul/combined sewer to outfall (ref 1203) with an
invert level of approx. 2.70mAOD

K Drainage Infrastructure
(outfall) SY 07185 82282 Retained 0.37 0.18 -0.20 3.63 3.45 -0.18 2.90 2.16 -0.74 0.44 0.15 -0.29 4.32 4.31 0.00 3.59 3.02 -0.57 0.43 0.23 -0.20 1.33 3.14 1.81 0.61 1.85 1.25 0.44 0.23 -0.21 1.83 3.30 1.48 1.10 2.01 0.91 0.56 0.41 -0.14 4.64 4.65 0.01 3.92 3.36 -0.56 0.45 0.25 -0.19 4.28 4.29 0.01 3.55 3.00 -0.56 0.43 0.26 -0.18 4.66 4.65 -0.01 3.93 3.36 -0.58 0.00 0.19 0.19 0.00 2.31 2.31 0.00 1.02 1.02

300mm diameter precast concrete surface
water outfall (ref 1206) to the trunk drain L Drainage Infrastructure

(outfall) SY 07221 82117 Retained 0.03 0.00 -0.03 3.63 3.45 -0.18 1.82 1.64 -0.18 0.04 0.04 -0.01 4.31 4.31 0.00 2.50 2.50 0.00 0.00 0.00 0.00 0.00 3.14 3.14 0.00 1.33 1.33 0.00 0.00 0.00 0.00 3.30 3.30 0.01 1.49 1.48 0.30 0.20 -0.10 4.64 4.65 0.01 2.83 2.83 0.01 0.02 0.02 0.00 4.28 4.28 0.01 2.46 2.47 0.01 0.04 0.04 0.00 4.66 4.65 -0.01 2.85 2.83 -0.01 0.00 0.00 0.00 0.00 2.31 2.31 0.00 0.50 0.50

300mm diameter Vitrified clay surface water
outfall (ref 2201) to trunk drain, near the rear of
property No. 2 Granary Lane

M Drainage Infrastructure
(outfall) SY 07204 82193 Retained 0.35 0.24 -0.11 3.63 3.45 -0.18 2.80 2.63 -0.18 0.65 0.24 -0.41 4.32 4.31 0.00 3.49 3.49 0.00 0.67 0.18 -0.48 1.33 3.14 1.81 0.51 2.32 1.81 0.72 0.18 -0.54 1.83 3.30 1.48 1.00 2.48 1.48 1.09 1.04 -0.05 4.64 4.65 0.01 3.82 3.83 0.01 0.68 0.19 -0.49 4.28 4.29 0.01 3.45 3.46 0.01 0.75 0.20 -0.54 4.66 4.65 -0.01 3.83 3.82 -0.01 0.00 0.14 0.14 0.00 2.31 2.31 0.00 1.48 1.48

450mm diameter rising main extending from
Granary Lane, running east before turning
south to the pumping station in Lime Kiln Car
Park

N Drainage Infrastructure SY 07190 82141 Retained (buried)

600mm diameter combined sewer outfall from
Lime Kiln Car Park Pumping Station to Trunk
Drain (ref 2104)

O Drainage Infrastructure
(outfall) SY 07216 82123 Retained 0.34 0.43 0.09 5.07 4.96 -0.11 2.07 1.96 -0.11 0.41 0.50 0.08 5.15 5.11 -0.04 2.15 2.11 -0.04 0.00 0.01 0.01 0.00 3.13 3.13 0.00 0.13 0.13 0.00 0.01 0.01 0.00 3.26 3.26 0.00 0.26 0.26 1.03 1.11 0.07 4.64 4.65 0.01 5.24 5.25 0.01 0.11 0.08 -0.03 4.05 4.23 0.18 1.05 1.23 0.18 0.18 0.09 -0.09 4.53 4.60 0.07 1.53 1.60 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

225mm diameter vitrified clay surface water
drain to outfall (ref 2006) into trunk drain, invert
level of outfall unknown

P Drainage Infrastructure
(outfall) SY 07222 82068 Retained 1.12 0.04 -1.08 3.63 3.45 -0.18 3.81 3.63 -0.18 0.30 0.20 -0.10 4.30 4.31 0.00 4.48 4.48 0.00 0.04 0.01 -0.03 1.33 3.14 1.81 1.51 3.32 1.81 0.12 0.00 -0.11 1.83 3.30 1.48 2.00 3.48 1.48 0.61 0.61 0.00 4.63 4.64 0.01 4.81 4.82 0.01 0.19 0.16 -0.02 4.28 4.28 0.01 4.45 4.46 0.01 0.17 0.19 0.02 4.66 4.65 -0.01 4.83 4.82 -0.01 0.00 0.01 0.01 0.00 2.31 2.31 0.18 2.49 2.31

450mm diameter pump station overflow pipe,
extending from a manhole chamber within the
eastern end of the Spit (exact location
unknown), across the Otter Estuary to Otterton
Point.

Q Drainage Infrastructure SY 07700 81950 Removed and
diverted. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m)
MHWS +CC (3.48mAOD)

Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m) Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m) Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m) Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m)
0.1% (3.46mAOD)

1% (200.7m³/s) 0.1% (334.6m³/s) Fluvial Mean Flow (3.2m3/s)

MHWS (2.47mAOD) MHWS (2.47mAOD) 0.5% (3.32mAOD)

1% AEP (1 in 100 year) +CC Fluvial

Fluvial Mean Flow (3.2m3/s) 1% +CC(85%) (371.0m³/s)

0.1% AEP (1 in 1,000-year) Fluvial1% AEP (1 in 100 year) Fluvial 0.5% AEP (1 in 200-year) Tidal 0.1% AEP (1 in 1,000-year) Tidal 0.5% AEP (1 in 200 year) +CC (Higher Central) Tidal

Mean Flow +CC(HC) (4.5m³/s)

0.5% +CC(HC) (4.33mAOD)
Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m)

0.5% AEP (1 in 200 year) +CC (Upper End) Tidal

Mean Flow +CC(UE) (6.0m³/s)

0.5% +CC(UE) (4.67mAOD)
Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m)

MHWS Cycle

Mean Flow (3.2m³/s)

MHWS cycle Jan 2017 (2.57mAOD)
Max. Velocity (m/s) Flood Level (mAOD) Flood Depth (m)



Flood Risk Assessment 
 

 

 

ENVIMSW002045-CH2-000-000-RP-HY-0001 

Appendix C. Granary Lane Surface Water Modelling Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Memorandum 

  
Burderop Park 

Swindon SN4 0QD 

United Kingdom 

T +44 (0)1793 311 100 

  

www.jacobs.com 

 

 

  

Enter Document No. via Document Properties 

   
Subject Granary Lane Surface Water Model 

Report (FRA Appendix) 
Project Name Lower Otter Restoration Project  

Attention n/a Project No.  684492ch  

From     

Date 30 March 2020   

Version 01 

   

 

Contents 

1. Introduction .................................................................................................................................................. 2 

1.1 Background .......................................................................................................................................... 2 

1.2 Assessment Objectives ..................................................................................................................... 3 

1.3 Assumptions ........................................................................................................................................ 4 

1.4 Surface Water drainage model (ICM) methodology .............................................................. 4 

1.5 Modelled Scenarios ........................................................................................................................... 5 

2. Model Results .............................................................................................................................................. 8 

2.1 Outfall Pipe 1 Scenario 1: Baseline scenario & Scenario 3 .................................................. 8 

2.2 Outfall Pipe 2 Scenario 1: Baseline scenario & Scenario 3 ................................................ 12 

2.3 Outfall Pipe 3 Scenario 1: Baseline scenario & Scenario 3 ................................................ 15 

2.4 Outfall Pipe 4 Scenario 1: Baseline scenario & Scenario 3 ................................................ 21 

3. Conclusion ................................................................................................................................................... 29 

 

 

 

 

 

 

 



 Memorandum 

 Granary Lane Surface Water Model Report 

(FRA Appendix) 

  

 

 

  
IMSW002045-CH2-000-000-RP-HY-0011 2 

 

 

1. Introduction 

1.1 Background 

The Lower Otter Restoration Project (LORP) is proposing to introduce tidal water to the existing 
floodplain adjacent to the east side of Budleigh Salterton. The area of existing floodplain immediately 
adjacent to Granary Lane and Lime Kiln car park; is currently non-tidal due to existing earth 
embankments providing a barrier to the River Otter estuary. A breach through a section of this existing 
embankment is proposed as part of the LORP to enable daily tidal flows to utilise the full floodplain, 
and eventually create new intertidal habitat. 

Hydrodynamic modelling carried out for the LORP planning phase, has demonstrated that tidal 
extents reach the far west of the floodplain; inundating the existing trunk drain which runs parallel to 
Granary Lane and past Lime Kiln car park. According to South West Water’s (SWW) records, there a 
number of combined sewer outfalls (CSO) and surface water outfalls (SWO) connecting to the existing 
trunk drain. These outfall pipes allow surface water and drainage to be carried away from Granary Lane 
and its properties, then discharge directly into the trunk drain (see figure 1-1). There is also an 
emergency outfall pipe from the Lime Kiln pumping station. There has been further consultation 
between SWW and LORP which provided details of outfall pipe locations, inverts and other data. 

The LORP initial modelling and investigations have shown that the proposed introduction of tidal 
water in the trunk drain will hydraulically lock the existing outfall pipes (near the peak of high tides), 
potentially causing water to backup and possibly flooding upstream areas of highway or property near 
manholes/gullies. It should be noted that the outfall pipes have varying invert levels. 

SWW have an existing surface water drainage model for Budleigh Salterton, which includes the outfalls 
into the trunk drain. SWW provided a copy of their InfoWorks ICM model in January 2020 to LORP; to 
allow further investigation. Initial model checks by LORP indicated that there are 4 outfalls into the 
trunk drain represented in the model, although, there are another 2 outfalls on service records not 
shown in the model. Further consultation with the SWW modelling team confirmed that only the 4 
outfalls represented in the model will require investigation, to determine impacts from proposed tidal 
water. See figure 1-1, where the outfall pipes requiring investigation are numbered 1 to 4. 

This report summarises the LORP approach to using the SWW ICM model data, geometry additions, 
scenarios run, assumptions made and the results. 
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Figure 1-1. SWW service plan; with trunk drain area highlighted 

 

1.2 Assessment Objectives 

The key objectives for LORP in carrying out this assessment are as follows:  

 Obtain the SWW ICM model geometry and data; to investigate and understand how the outfall 
pipes highlighted in Figure 1-1 are linked to the wider network and the Lime Kiln Pumping 
Station. 

 Add an existing outfall pipe (near Granary house, Granary Lane) to the model geometry, which 
is not currently modelled. 

 Model the baseline geometry (plus the additional pipe mentioned above) with typical 1:5 year 
and 1:30 year intense rainfall events (over 30 minutes) as inflows, to determine behaviour of 
water levels in the pipes and further upstream near existing properties. 

 Model the baseline geometry (plus the additional pipe mentioned above) with typical 1:5 year 
and 1:30 year intense rainfall events (over 30 minutes) as inflows, and a mean/neap tide cycle 
as the downstream boundary condition. The tide cycle added represents the proposed scheme 

Trunk Drain 

CSO 

Outfall not logged 
in the SWW model 

CSO 

SWO 

Pump station 
emergency 
outfall 

1 

2 

Lime 
Kiln 
car 
park 

3 

4 
Outfall not logged 
in the SWW model 
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(LORP). These model runs will determine to what extent the proposed scheme increases 
backing up water within the pipes, and whether this causes any increase in flood risk to 
adjacent properties or infrastructure. 

 

1.3 Assumptions 

Non-return valves added to each outfall and assumed to be present or installed at a later date by the 
LORP. 

 

1.4 Surface Water drainage model (ICM) methodology  

The 1D element of the hydraulic drainage model is a representation of the drainage network and the 
rainfall runoff catchments which contribute flow to it. In the model, the ‘catchment hydrology’ that 
determines how fast rainfall runoff gets to each node (typically manholes) is controlled by a runoff 
routing model.  For this model, the Wallingford procedure has been used as a routing model and the 
NewUK (for permeable areas) and Fixed (impermeable areas) as runoff volume type. The model 
defines discrete contributing areas (sub-catchments) which are modelled to drain directly to a 
manhole and, consequently, to the sewer network. Each contributing area has defined runoff 
parameters (i.e. initial losses, area etc.) and during a rainfall event the model generates runoff 
hydrographs which are routed to the manholes.  Figure 1-2 shows the overall1D model schematization 
and Figure 1-3 presents the 1D model schematization at the area of interest.  

 

Figure 1-2. 1D model schematization. 
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Figure 1-3. 1D model schematization at the study area (outfalls highlighted red).  

 

1.5 Modelled Scenarios 

The smaller and more frequent rainfall events were deemed necessary to model, due to greater 
likelihood of combining with a mean/neap tide cycle in the floodplain. More extreme events (such as 
the  

 

Baseline scenarios: 

1. Inflow: 1:5 year design rainfall event (over 30 minutes). Downstream boundary:  It is 
represented by an outfall where water leaves the system 

2. Inflow: 1:30 year design rainfall event (over 30 minutes). Downstream boundary: it is 
represented by an outfall where water leaves the system  
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Figure 1-4. Design profile rainfall intensity for a storm duration of 30 minutes for 1:5 year event (left image) and for 1:30 year 

event (right image) 

 

Proposed Scheme scenarios: 

3. Inflow: 1:5 year rainfall event. Downstream boundary: Spring/Neap tide cycle over a 24 hour 
period. 

4. Inflow: 1:30 year rainfall event. Downstream boundary: Spring/Neap tide cycle over a 24 hour 
period. 

 

A tide boundary level (Figure 1-3) has been applied at the ends of each outfall pipe, for scenarios 3 
and 4.  The model includes Non-return valves at the ends of each outfall pipe; to stop tidal water 
flowing upstream in the pipes, but allow discharging water in the network to outfall when tide levels 
drop.  
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Figure 1-5. Tidal levels applied at the outlets of all modelled outfalls.  

 

 

Table 1-1. Pipes ran with different scenarios: 

Pipe section Scenarios ran Model run notes 

Pipe 1 Scenario 1 Checked as baseline 

Scenario 3 Proposed scheme option 

Pipe 2 Scenario 1 Checked as baseline 

Scenario 3 Proposed scheme option 

Pipe 3 Scenario 1 Checked as baseline 

Scenario 2 Checked as baseline 

Scenario 3 Proposed scheme option 

Scenario 4 Proposed scheme option 
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Pipe 4 Scenario 1 Checked as baseline; 

Pumping station set to off (non-operational), and emergency outfall used when tank is full. 

Checked as baseline; 

Pumping station set to on (operational) 

Scenario 3 Proposed scheme option; 

Pumping station set to off (non-operational), and emergency outfall used when tank is full. 

Proposed scheme option; 

Pumping station set to on (operational) 

 

 

 

2. Model Results 

A FEH design rainfall of a five year return period and 30 minutes storm duration has been applied to 
the model scenarios as an input; for the baseline and proposed scheme runs. The section below 
describes the scenarios run using the SWW model.  

2.1 Outfall Pipe 1 Scenario 1: Baseline scenario & Scenario 3 

The outfall pipe 1 was ran with Scenarios 1 (baseline) and Scenario 3 (Proposed Scheme). 

For this scenario the model has been run as received from SWW; with the 5 year rainfall input only. The 
tables below show the results obtained for each of the CSOs highlighted in figure 1-1.  

Table 2-1. Long section profile, flow and depth for Outfall 1 (baseline).  
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OUTFALL 1: Granary Lane North CSO – Scenario 1 

Long 
section  

 

Depth  
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OUTFALL 1: Granary Lane North CSO – Scenario 1 

Flow  

 

 

Table 2-2 Long section profile, flow and depth for Outfall 1 (proposed scheme) 

OUTFALL 1: Granary Lane North CSO – Scenario 3 

Long 
section  

 



 Memorandum 

 Granary Lane Surface Water Model Report 

(FRA Appendix) 

  

 

 

  
IMSW002045-CH2-000-000-RP-HY-0011 11 

OUTFALL 1: Granary Lane North CSO – Scenario 3 

Depth  

 

Flow  
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2.2 Outfall Pipe 2 Scenario 1: Baseline scenario & Scenario 3 

The outfall pipe 2 was ran with Scenarios 1 (baseline) and Scenario 3 (Proposed Scheme). 

 

Table 2-3 Long section profile, flow and depth for Outfall 2 (baseline) 

OUTFALL 2: Scenario 1 

Long 
section  

 

Depth  
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OUTFALL 2: Scenario 1 

Flow  

 

 

Table 2-4 Long section profile, flow and depth for Outfall 1 (proposed scheme) 

OUTFALL 2: Scenario 3 

Long 
section  
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OUTFALL 2: Scenario 3 

Depth  

 

Flow  
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2.3 Outfall Pipe 3 Scenario 1: Baseline scenario & Scenario 3 

The outfall pipe 3 was ran with Scenarios 1 (baseline) and Scenario 3 (Proposed Scheme); to compare 
the impact of the proposed tidal boundary with 1:5 year rainfall event. 

 

Table 2-5. Long section profile, flow and depth for Outfall 3 (baseline), 20% AEP 

Outfall 3: Scenario 1 (baseline) 

Long 
section  

 

Depth  
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Outfall 3: Scenario 1 (baseline) 

Flow  

 

 

 

Table 2-6 Long section profile, flow and depth for Outfall 3 (proposed scheme), 20% AEP 

Outfall 3: Scenario 3 

Long section  
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Outfall 3: Scenario 3 

Depth  

 

Flow  

 

 

 

 

 

 

 



 Memorandum 

 Granary Lane Surface Water Model Report 

(FRA Appendix) 

  

 

 

  
IMSW002045-CH2-000-000-RP-HY-0011 18 

The outfall pipe 3 was ran with Scenarios 2 (baseline) and Scenario 4 (Proposed Scheme); to compare 
the impact of the proposed tidal boundary with the more extreme 1:30 year rainfall event. 

 

Table 2-7 Long section profile, flow and depth for Outfall 3 (baseline), 3.33% AEP 

Outfall 3: Scenario 2 (3.33% AEP)  

Long section  

 

Depth  
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Outfall 3: Scenario 2 (3.33% AEP)  

Flow  

 

 

Table 2-8 Long section profile, flow and depth for Outfall 1 (proposed scheme), 3.33% AEP 

Outfall 3: Scenario 4 (3.33% AEP & Tidal) 

Long section  

 



 Memorandum 

 Granary Lane Surface Water Model Report 

(FRA Appendix) 

  

 

 

  
IMSW002045-CH2-000-000-RP-HY-0011 20 

Outfall 3: Scenario 4 (3.33% AEP & Tidal) 

Depth  

 

Flow  
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2.4 Outfall Pipe 4 Scenario 1: Baseline scenario & Scenario 3 

The outfall pipe 4 (emergency outfall from pumping station) was ran with Scenarios 1 (baseline) and 
Scenario 3 (Proposed Scheme); to compare the impact of the proposed tidal boundary on the 
emergency pipe outfall when combined with a 1:5 year rainfall event to the inflows of the Pumping 
Station. 

The Pumping Station was set to ‘zero’ (non-operational pumps) within the model geometry, to 
represent the situation of failed pumps or electricity cuts during heavy rainfall events. In this situation, 
two inflowing combined sewer pipes from the network will start to fill the storage tank (which has a 
capacity of 2396m³); when water levels are at -0.650mAOD. As the storage tank starts to reach 
capacity, water will begin to overspill an internal weir at the 2.85mAOD level; and then flow through 
the emergency outfall pipe (600mm diameter) which discharges into the adjacent trunk drain. Figure 
2.6 shows the storage tank geometry and Figure 2.7 shows the emergency pipe layout (red lines within 
the Pumping Station) as represented in the model. 

 

Figure 2-1. Lime Kilns storage tank geometry  

 

Figure 2-2. Emergency outfall pipe, as represented in the model. 
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Table 2-9 Long section profile, flow and depth at Lime Kilns SPS when pumps are operational (baseline) 

Outfall 4: Scenario 1 (pumps operational ) 

Long section  

 

Depth  

 

Storage 
tank 
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Outfall 4: Scenario 1 (pumps operational ) 

Flow  

 
 

 

 

Table 2-10. Long section profile, flow and depth at Lime Kilns SPS when pumps are set to 0m3/s (baseline) 

Outfall 4: Scenario 1 (pumps set to 0) 

Long section  

 

Storage 
tank 
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Outfall 4: Scenario 1 (pumps set to 0) 

Depth  

 

Flow  
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Table 2-11. Long section profile, flow and depth at Lime Kilns SPS when pumps are operational (proposed scheme) 

Outfall 4: Scenario 3 (pumps operational)) 

Long 
section  

 

Depth  

 

Storage 
tank 
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Outfall 4: Scenario 3 (pumps operational)) 

Flow  

 

 

 

Table 2-12 Long section profile, flow and depth at Lime Kilns SPS when emergency pump discharge is set to 0m3/s (proposed 

scheme) 

Outfall 4: Scenario 3 (pumps set to 0) 

Long 
section  

 

Storage 
tank 
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Outfall 4: Scenario 3 (pumps set to 0) 

Depth  

 

Level at 
the tank 
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Outfall 4: Scenario 3 (pumps set to 0) 

Flow  
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3. Conclusion  

This basic 1D assessment has used conservative assumptions regarding the proposed scheme details 
modelled with the SWW drainage network and outfall system. The combination of a peak rainfall event 
timed exactly with a peak spring high tide can be considered a worse-case conservative scenario, used 
in this assessment. 

Table 3.1 shows the results for outfall pipes 1 – 3, with the 20% AEP scenario modelled for the 
proposed scheme (introduced tidal water at the outlets). The max water depth and water levels within 
the upstream chambers (beneath inlets close to at risk properties) are shown, with comparisons to 
baseline depths and chamber soffit levels. Table shows the same type of results, but for outfall pipe 3 
modelled with the 3.33% AEP scenario. 

Table 3-1. Outfall pipes 1 -3 results, for 20% AEP scenario   

Outlet pipe� Max water depth 
in chamber (m) 

Water depth 
difference in 
chamber 
compared to 
baseline (m) 

Manhole chamber 
approx. soffit 
level (mAOD) 

20% AEP 

Peak Water Level inside 
upstream manhole 
chamber (mAOD) 

1 1.749 1.445 10.90 9.90 

2 0.028 0 6.50 2.70 

3 1.338 1.223 2.50 1.50 

Table 3-2. Outfall pipe 3 results, for 3.33% AEP scenario   

Outlet pipe� Max water depth 
in chamber (m) 

Water depth 
difference in 
chamber 
compared to 
baseline (m) 

Manhole 
chamber approx. 
soffit level 
(mAOD) 

3.33% AEP 

Peak Water Level inside 
upstream manhole chamber 
(mAOD) 

1 1.749 1.445 10.90 9.90 

2 0.728 0.7 6.50 3.4 

3 1.357 1.221 2.50 1.60 

The results in tables 3.1 and 3.2 indicate that although water levels do back up in the pipes 1 and 3 
and upstream chambers, it is not enough to cause surface water to flood above chambers and cause 
worsening flood risk to adjacent properties and infrastructure. The pipe outlets are inundated by the 
high tide levels for a duration of approx. 3 - 4 hours, before the outlets are fully open. It is likely that a 
driving head will allow considerable water to discharge during some of the high tide period on both 
pipes (not accounted for in this modelling).  

Pipe 2 has an outlet higher than the MHWS tide cycle modelled, and therefore is unaffected with no 
backing up water. 
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Table 3.3 shows the results for outfall pipe 4, where the pump station upstream was set to zero (non-
operational), allowing the emergency outfall to be used. The pipe was modelled with the 20% AEP 
scenario, for the proposed scheme (introduced tidal water at the outlet). The max water depth and and 
difference to baseline within the immediate upstream chamber of the outfall pipe is shown.  The peak 
water level with comparisons to storage tank soffit level and control house threshold level is shown. 

Table 3-3. Outfall pipe 4 results, for 20% AEP scenario   

Outlet pipe� Max water 
depth in 
upstream 
chamber (m) 

Water depth 
difference in 
upstream 
chamber 
compared to 
baseline (m) 

Storage tank 
soffit level 
(mAOD) 

Control house 
ground level 
(mAOD) 

20% AEP & 3.33% 
AEP 

Peak water level at 
overspill weir, 
upstream of outlet 
pipe (mAOD) 

4 (pump 
set to 0 

m3/s) 

1.767 1.692 3.60 3.85 3.10 (20% AEP) 

3.10 (3.33% AEP) 

The results in table 3.3 indicates that although water levels do back up in the emergency outfall pipe 
and immediate upstream chamber, it is not enough to cause exceedance of capacity of the storage 
tank to the point where above ground pump station infrastructure is at increased risk.  

The emergency pipe outlet is inundated by the high tide levels for a duration of approx. 3 hours, 
before the outlet is fully open. It is likely that the driving head will allow considerable water to 
discharge during some of the high tide period. This can also be considered a short duration of high tide 
levels combined with the low risk of a non-operational pump station. 
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1. Introduction 
This technical note details the hydraulic modelling undertaken for the Kersbrook Brook, which flows 
into the River Otter to the north of Budleigh Salterton, Devon (

 

Figure 1-1). This modelling has been undertaken to support the Flood Risk Assessment (FRA) for the 
Lower Otter Restoration Project (LORP) which is being undertaken by the Environment Agency to 
provide compensatory intertidal habitat to mitigate the effects of coastal squeeze in the nearby Exe 
Estuary. 
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Figure 1-1: Kersbrook Brook location  

In existing conditions the Kersbrook joins the trunk drain along the western edge of the River Otter 
floodplain, just south of South Farm Road. As part of the LORP scheme this area of floodplain will 
become intertidal due to breaching of the downstream embankment. South Farm Road will also be 
realigned in this area and a new raised car parking area will be provided to the south of the Kersbrook 
channel. A new embankment will be installed, crossing the channel, to allow raising of the existing 
footpath and a new culvert will be installed beneath the embankment to maintain outflow from the 
Kersbrook into the River Otter floodplain. This will include a flap valve to prevent ingress of tidal flows 
into the Kersbrook. An additional overflow culvert with flap valve will also be installed to allow 
additional outflow and decrease water levels in larger events. A schematic of the proposed works in 
shown in Figure 1-2. 

Budleigh 
Salterton 

Otter 
Estuary 

Kersbrook 
Brook Area of 

interest 
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Figure 1-2: Proposed works adjacent to the Kersbrook Brook 

Whilst this will mitigate any increases in tidal flood risk to the properties resulting from the new 
intertidal area, further investigation (hydraulic modelling) is required to determine whether the 
proposed works will impede drainage from the Kersbrook, due to tide-locking, such that water levels in 
the Kersbrook will pose a flood risk to the properties. 

 

 

 

 

 

 

Existing culvert 
from Kersbrook 
upstream 

Realigned South 
Farm Road 

New raised 
parking area 

New culvert (flapped 
outfall) beneath 
embankment with 
additional overflow 
culvert 

Existing Kersbrook 
channel retained New embankment 
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2. Model build 
A simple 1D model has been developed in Flood Modeller Pro to represent the proposed works and 
assess flood risk. The model schematic is shown in 

 

Figure 2-1. 
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Figure 2-1: Model schematic  

It is noted that the culvert immediately upstream of the modelled reach may act to limit flows into the 
area of interest or may allow some of the ponded water to be stored in the floodplain further 
upstream. Both of these mechanisms would act to reduce water levels in the modelled reach. The 
modelling approach is therefore considered conservative. 

2.1 Model parameters 

The watercourse is a natural earth channel with some vegetation and debris so a Manning’s n value of 
0.04 has been used for the channel. The culvert has been assumed to be a concrete pipe with some 
debris and a Manning’s n of 0.02 has been used. Culvert inlet coefficients have been set using values 
appropriate for a circular culvert with a headwall. 

To allow for overtopping flows, which will bypass the culvert if water levels are high enough, a spill unit 
has been connected in parallel to represent the proposed embankment. The discharge coefficient for 
this has been set at 1.2. 

2.2 Model boundaries 

A flow-time (QT) boundary has been used to represent inflows from the Kersbrook to the upstream 
end of the model. As discussed above, application of the inflow at this point downstream of the 
existing culvert beneath the B3178 road is considered conservative. For flood flows (1 in 2-year and 
above) hydrographs derived from the ReFH2 method have been scaled to fit peak flow estimates from 
the Devon Hydrology Strategy1. This is discussed further in the FEH Calculation Record hydrology 

                                                        

1 Royal Haskoning, 2013. Devon Hydrology Strategy 

QT inflow 
boundary 

Junction 
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Junction 

Junction 

HT 
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flapped orifice) 
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report for the scheme. For the mean flow run, a steady flow of 3% of the total mean flow for the River 
Otter has been assumed. This is consistent with the approach used in the hydraulic model of the wider 
estuary. 

A head-time (HT) boundary has been used at the downstream end of the model to represent tide 
levels in the floodplain. This head-time relationship has been extracted from the wider model of the 
estuary and is therefore representative of conditions at the downstream end of the Kersbrook channel 
rather than in the estuary mouth. 

The model boundaries have been applied using separate IED event data files. Tidal peak level has been 
timed to be coincident with the fluvial peak in order to provide a conservative representation of flood 
risk. 

2.3 Model runs 

The model runs completed for this study are summarised in Table 2-1. 

Table 2-1: Model runs 

Model run 

 

Upstream 
boundary 
(peak flow) 

Downstream 
boundary 

(peak level) 

Purpose 

Fluvial Mean Flow Mean fluvial 
flow  

(0.1 m3/s) 

MHWS  

(2.3 mAOD) 

To assess the level of flood risk in 
typical flow conditions for a 
spring tide. 

Fluvial 1 in 2-year 1 in 2-year 

(1.9 m3/s) 

MHWS 

(2.3 mAOD) 

To assess fluvial flood risk in 
flood conditions which would be 
expected to occur relatively 
frequently. 

Fluvial 1 in 100-year 1 in 100-year 
(5.9 m3/s) 

MHWS 

(2.3 mAOD) 

To assess fluvial flood risk in 
extreme events. 

Fluvial 1 in 100-year +CC 1 in 100-year 
+CC 

(10.9m3/s) 

MHWS +CC 

(3.3 mAOD) 

To assess fluvial flood risk in 
extreme fluvial events under 
projected climate change 
scenarios. 

Tidal 1 in 200-year 1 in 2-year 

(1.9 m3/s) 

1 in 200-year 
(3.1 mAOD) 

To assess tidal flood risk in 
extreme events. 

No climate change runs have been completed for the future tidal flood scenario with climate change 
as downstream water levels in this event would overtop the proposed car parking area and 
embankment, significantly bypassing the new culvert. In this scenario levels between the Kersbrook 
channel and the downstream tidal floodplain would be expected to equalise. The main estuary model 
is therefore considered to be more representative of these conditions. 
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3. Model results 

The maximum water level in the Kersbrook channel for each modelled scenario is shown in Table 3-1.  

Table 3-1: Model results 

Model run Peak water level from 
Kersbrook model – with 
scheme (mAOD) 

Fluvial Mean Flow 2.3 

Fluvial 1 in 2-year 32.8 

Fluvial 1 in 100-year 3.5 

Fluvial 1 in 100-year +CC 4.0 

Tidal 1 in 200-year 3.2 

This indicates that for all modelled events water levels will not result in fluvial/tidal flooding to the 
adjacent properties which have threshold levels of at least 4.0mAOD. However, in flood conditions 
there would be flooding to the adjacent access road, which is at approximately 2.5mAOD. 

Time series plots showing water levels in the channel and long sections showing peak water level are 
included in Appendix A. 

4. Conclusions 

Hydraulic modelling has been undertaken to determine peak water levels in the Kersbrook following 
implementation of the LORP scheme. A range of events have been tested. The results indicate that in 
day-to-day flow conditions water levels in the Kersbrook would not be expected to flood onto the 
adjacent access road. However, for all of the flood events tested, flood levels which are higher than the 
road levels are shown. None of the tested events result in flooding to the properties to the north of 
Kersbrook. 

As discussed above, the results are considered conservative as they do not allow for the culvert 
immediately upstream of the modelled reach which may act to limit flows into the area of interest or 
may allow some of the ponded water to be stored in the floodplain further upstream. This may reduce 
water levels in the channel compared to those shown in the modelling. 
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Appendix A. Model time series and long section plots 

Fluvial Mean Flow 

 
___ Level in Kersbrook   

___ Level at D/S boundary 

 
___ Max. level in Kersbrook   



 Technical Note 

 Kersbrook Hydraulic Modelling 

 7 May 2020 

 

 

  
IMSW002045-CH2-000-000-RP-HY-0010 9 

Fluvial 1 in 2-year 

 
___ Level in Kersbrook   

___ Level at D/S boundary 

 
___ Max. level in Kersbrook   

 

Approximate 
road level 
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Fluvial 1 in 100-year 

 
___ Level in Kersbrook   

___ Level at D/S boundary 

 
___ Max. level in Kersbrook   

 

Approximate 
road level 
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Fluvial 1 in 100-year +CC 

 
___ Level in Kersbrook   

___ Level at D/S boundary 

 
___ Max. level in Kersbrook   

 

Approximate 
road level 
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Tidal 1 in 200-year 

 
___ Level in Kersbrook   

___ Level at D/S boundary 

 
___ Max. level in Kersbrook   

 

Approximate 
road level 
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