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Policy Area: 11c9 Kent Estuary  
 

 
Figure 1 Sub Cell 11c Arnside to Hodbarrow Point Location Plan of policy units.  Baseline mapping © Crown copyright 
and database rights, 2019. Ordnance Survey licence number: 1000019596. 
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Figure 2 Location of policy area 11c9: Kent Estuary. Baseline mapping © Crown copyright and database rights, 2019. 
Ordnance Survey licence number: 1000019596 
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1 Introduction 
1.1 Location and site description 

Policy Unit: 11c9.1: Kent Viaduct to Dick Fell Road (priority unit) 

11c9.2: Sandside (priority unit) 

11c9.3: Hollins Well Road north to Levens Bridge (east bank) and Levens Bridge 
to Kent Viaduct (west bank) (priority unit) 

Responsibility: South Lakeland District Council 

Environment Agency 

Private 

Cumbria County Council 

Location:  The Kent Estuary is a small estuary located on the northeast side of the 
Morecambe Bay within Sub cell 11c.  

The SMP2 split the Kent Estuary into two policy units. 11c8 includes the Outer 
Kent Estuary between the Kent Railway viaduct between Heald Brow and 
Humphrey Head, whilst 11c9 (discussed here) covers the inner Kent Estuary, 
inland of the viaduct. 

Site Overview: The inner area of the Kent Estuary (inland of the railway viaduct) is funnel 
shaped and has been constrained over time by naturally rising ground, 
embankments and the railway viaduct at the mouth. Embankments are 
present throughout the estuary protecting mostly high quality agricultural 
reclaimed land, with farming a key industry of the area.  

The estuary acts as a sediment sink of fine material from fluvial sources and 
particularly from tidal inputs from Morecambe Bay and has four moderately 
sized areas of saltmarsh within this area fringing the embankments.  

The key risk to policy unit 11c9 is from tidal flooding, with the A590, a strategic 
road link, on the northern fringe of the policy unit within a flood zone. 
Disruption of this route could have significant impact on people and businesses 
in west Cumbria and along the Cumbrian coast. The coastal road between 
Arnside and Milnthorpe (B5282), which runs along the estuary, and large tracts 
of agricultural land and mainly isolated properties and farmsteads are also 
vulnerable to flooding. 

The estuary and intertidal zone is nationally and internationally designated due 
to its importance for coastal habitats and birds, supporting a wide range of 
qualifying habitats and species. This includes Morecambe Bay and Duddon 
Estuary SPA and Morecambe Bay SAC, Ramsar and SSSI.  

The west bank of the estuary falls within the Lake District National Park and 
World Heritage Site, and part of the east bank is within the Arnside and 
Silverdale Area of Outstanding Natural Beauty, and as such the whole estuary 
is considered to have significant landscape and historic value.  
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1.2 Current SMP policy 
The policy details for the whole policy area are shown in the table below, taken directly from the SMP2 
(Halcrow, 2011). 

Table 1 Current SMP policy for policy area 11c9 

Overview: There is considerable scope to set back to higher ground and return the Kent Estuary to a more natural state 
and create additional habitat and this is to be considered in planning the vision for the longer term. However, any 
realignment needs to be considered in combination for impacts upon flows into and out of estuary with possible 
consequences elsewhere, as well as economic losses resulting from reduction in agricultural land. Managed flood risk 
under a policy of Managed realignment meets social objectives whilst also achieving a greater number of the natural 
environmental objectives, however in doing so, areas of agricultural land will be more regularly inundated and reduced 
in quality. 

Location Policy and Approach (from 2010) 

0-20 years 20-50 years 50-100 years 

11c9.1 Kent Viaduct 
to Dick Fell 
Road 
(Sandside)  

Hold the line – By 
maintaining localised 
existing defences and the 
former railway embankment 
whilst investigations are 
carried out into the viability 
of Managed realignment. 

Managed realignment – 
Depending on investigations, 
areas of Managed 
realignment should be 
carried out to create more 
sustainable defence 
alignments. 

Managed realignment – 
Depending on investigations, 
areas of Managed 
realignment should be 
carried out to create more 
sustainable defence 
alignments. 

11c9.2 Sandside (Dick 
Fell Road to 
Hollins Well 
Road) 

Hold the line – Manage 
flood and erosion risk by 
maintaining existing 
defences to an adequate 
standard. 

Hold the line – Manage 
flood and erosion risk by 
maintaining existing 
defences to an adequate 
standard. 

Hold the line – Manage 
flood and erosion risk by 
maintaining existing 
defences to an adequate 
standard. 

11c9.3 Hollins Well 
Road north to 
Levens Bridge 
(east bank) 
and Levens 
Bridge to Kent 
Viaduct (west 
bank) 

Hold the line – By 
maintaining localised 
existing defences and the 
railway embankment whilst 
investigations are carried 
out into the effects of and 
viability of undertaking 
Managed realignment in the 
estuary. 

Managed realignment – 
Depending on results of 
investigations, areas of 
Managed realignment 
should be carried out to 
create more sustainable 
defence alignments. 

Potential for habitat creation 
through Regulated Tidal 
Exchange projects, more 
likely to be viable due to 
possible wider impacts of 
large scale Managed 
realignment. 

Managed realignment – 
Dependant on investigations 
areas of Managed 
realignment should be 
carried out to create more 
sustainable defence 
alignments whilst managing 
flood risks elsewhere. 

1.3 Estuary managed realignment 
The vision for the long term identified in the SMP2 policy (Table 1) is that inland of the Kent viaduct 
(Policy Unit 11c9) there is scope to set back defences to higher ground, to return parts of the estuary to 
a more natural state, and to create additional habitat. The SMP2 recommends a policy of Managed 
realignment (MR) in the medium and long term for most of the defences inland of the viaduct. However, 
any realignment needs to be considered in combination with impacts on flows in and out of the estuary 
and possible consequences elsewhere, both within this policy area and policy area 11c8, including 
economic losses resulting from loss of productive agricultural land.  

A number of additional studies were recommended in the SMP to address the gaps in understanding 
identified, including a re-evaluation of assets at risk, acquisition of better topographic and bathymetric 
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data, collection of process data to allow validation and testing of models, and studies to quantify 
sediment sources, transport pathways and fluxes to the estuary, including changes which might arise 
from climate change and large scale Managed realignment. Due to the strong coastal process linkages 
between the Kent Estuary and the rest of Morecambe Bay it was recommended that further studies in 
the Kent should be progressed jointly with other Morecambe Bay monitoring (Halcrow, 2013). 

There are a number of potential sites where Managed realignment could be considered within the inner 
Kent Estuary. This could be either by removing, breaching or allowing defences to deteriorate over time 
or through Regulated Tidal Exchange (RTE), such as where low lying areas are separated from the 
estuary by roads or railways. 

The key issues and opportunities identified for a number of potential sites within the Kent Estuary 
include:  

• Dependent on the size of site and its tidal prism increased tidal flows due to the additional 
volume flooded each tide may pose erosion risks to the viaduct and to coastal defences in 
adjacent parts of the estuary and could modify geomorphology of estuary, impacting on the 
intertidal habitats in the designated sites. 

• New embankments may be required to constrain the setback in some locations to manage risk 
of flooding to properties, roads and terrestrial or freshwater designated environmental sites, 
such as Foulshaw Moss and Meathop Moss, which are parts of the Witherslack Mosses SAC 

• Potential opportunities for habitat creation schemes to compensate for impacts on the estuary 
Natura 2000 sites due to direct losses related to flood defence or infrastructure schemes that 
encroach on the estuary elsewhere. Opportunities for tourism and formal recreational facilities 
(e.g. new nature reserves with visitor centres etc.) in association with habitat creation schemes. 

• Over time downstream reaches of channel may expand to accommodate tidal waters flooding 
site leading to pressure on defences. 

• Potential impacts to geomorphology of river and tidal channel and fringing habitats including 
erosion and flood risk implications to hinterland. 

• Potential impacts on Natura 2000 sites, HRA requirement and potential need for compensatory 
habitat if adverse impacts on Natura sites identified and realignment is undertaken as a 
managed scheme rather than through natural processes. 

• Some locations may have potential for regulated tidal exchange (RTE) schemes for habitat 
creation, but careful design would be required to avoid impacts on adjacent frontages.  

• Generally, the potential realignment sites are situated high in the tidal frame and based on 
current land elevations and water levels would generally create predominately saltmarsh or 
transitional grass habitats. There is very limited opportunity to create intertidal flat. 

• None of the sites are completely free of constraints, although boundary refinement could help 
avoid some of the constraints in some areas. 

• Consultation with AONB Partnership in further studies to ensure that any potential impacts of 
managed realignment areas within the designated AONB areas are appropriately assessed. 

Further studies are required prior to the shortlisting of sites or implementation of specific schemes: 

• Clarification of the objectives for undertaking Managed realignment 

• More detailed desk top assessment of sites (e.g. lengths of footpaths with site, potential for 
contaminated land issues) 

• Incorporation of local knowledge to better characterise sites. 
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• Preliminary designs quantifying the length of new defences, number and positions of breaches, 
requirements for creek systems etc.  

• Hydrodynamic modelling to determine effects on flood risk and geomorphology of estuary 
including erosion risks to the viaduct as well as the likely inundation extent of the sites. 

• Assessment of impacts of potential managed realignment sites on fluvial and surface water flood 
risk due to reduced storage capacity on low lying land around the estuary. 

• Costs and economics - Quantifying the costs for the works and future maintenance versus existing 
management activities. 

• Early consultation with farmers, landowners and tenants to discuss implications of MR sites and 
gauge the level of support. A partnership approach is preferable and early communication is vital. 

• Consideration of requirements for consenting, such as Marine Management Organisation 
(MMO) marine licence and Local Planning Authority planning application, Environmental Impact 
Assessment (EIA), HRA, Water Framework Directive (WFD). 
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2 Appraisal of priority units 
All of the policy units within this policy area have been defined as priority units: 

• 11c9.1: Kent Viaduct to Dick Fell Road  

• 11c9.2: Sandside  

• 11c9.3: Hollins Well Road north to Levens Bridge  

2.1 Existing approach to flood and coastal risk management 
2.1.1 Justification of current SMP policy 
The justification for the policy for 11c9.1 is given in the SMP as : 

• Social: Managed risk to infrastructure and assets at Sandside in the short term. Managed 
realignment investigations need to consider social implications, the importance of the access 
routes and the strategic value of the Kent Viaduct. 

• Environmental: A Hold the line policy may cause coastal squeeze losses in the long term, so 
areas of new intertidal habitat will be sought. Realigning defences will allow natural processes to 
operate and could potentially create a large area of habitat. 

• Economic: policy is economically viable and benefits related to avoidance of road disruption 
would improve economic case.  

The justification for the policy for 11c9.2 is given in the SMP as: 

• Social: policy manages coastal risks to communities and amenities in Sandside. 

• Environmental: Developed high ground so no opportunity for habitat creation, and limited 
impacts on environmental sites. 

• Economic: The economic viability of the policy relates to the value of avoiding flooding and 
erosion of the main coastal road through Sandside to the community. Limited other assets at 
risk.  

The justification for the policy for 11c9.3 is given in the SMP as: 

• Social: Hold the line in the short term allows time to develop an adaptation approach. Managed 
realignment investigations needed to assess potential options for alignment that consider social 
implications and the strategic value of the significant areas of agricultural land currently 
defended. 

• Environmental: Large scale Managed realignment or no active intervention could have impacts 
on the bay downstream of the viaduct including changes to designated conservation sites and 
coastal flood and erosion risks. The policy allows for more sustainable defences to be 
implemented in a controlled manner.  

• Economic: A Hold the line policy is unlikely to be economically viable for the whole unit. 
Realigning or abandoning sections of defence would provide a more economical solution. 
However, economic evaluation of impacts of potential changes to estuary processes not 
quantifiable at this stage, as policy delivery may be compromised by funding prioritisation due 
to the low Benefit Cost Ratio which needs to be examined in more detail and opportunities for 
co funding need to be investigated. 



CUMBRIA COASTAL STRATEGY - POLICY AREA 11C9 KENT ESTUARY 

8 

2.1.2 Current defences 
The Environment Agency provided shapefiles for the frontage with a brief description of the defence 
types and overall condition, see Table 2 and Figure 3. This data set did not cover the entire frontage so 
additional data has been sourced from the SMP2 (Halcrow, 2010) and Google Earth images. 

 
Figure 3 policy unit location plan and defence overview. Baseline mapping © Crown copyright and 
database rights, 2019. Ordnance Survey licence number: 1000019596. 

Table 2 Existing Defence Details 

Defence 
Reference 

Policy 
unit Location 

Environment Agency AIMS data 

Defence Type Length 
(m) 

EA Asset 
Reference Condition Residual 

Life (years) Responsibility 

1 11c9.3.2 Foulshaw Embankment 1421 170431 3 - Environment Agency 

2 11c9.3.2 Sampool Embankment 962 89853 3 - Environment Agency 

3 11c9.3.2 Sampool Bridge Abutment 42  472398 3 - Highways England 

4 11c9.3.2 Sampool Bridge Abutment 37  472418 3 - Highways England 

5 11c9.3.2 Sampool Embankment 540 170432 3 - Environment Agency 

6 11c9.3.2 Sampool Embankment 208 170433 2 - Environment Agency 

.1 

Revetment to Old 
Railway Embankment 

 

Sandside – B5282 wall 
 

11c9.3.2 

11c9.3.2 - Leven Bridge Kent 
Viaduct (west bank) 
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Defence 
Reference 

Policy 
unit Location 

Environment Agency AIMS data 

Defence Type Length 
(m) 

EA Asset 
Reference Condition Residual 

Life (years) Responsibility 

7 11c9.3.2 Sampool Embankment 273 170434 2 - Environment Agency 

8 11c9.3.2 Sampool Embankment 1304 168920 3 - Environment Agency 

9 11c9.3.1 Heversham Embankment 107 164251 2 - Environment Agency 

10 11c9.3.1 Heversham Wall 52 162614 3 - Environment Agency 

11 11c9.3.1 Heversham Embankment 538 61355 3 - Environment Agency 

12 11c9.3.2 Sampool Embankment 282 168921 3 - Environment Agency 

13 11c9.3.2 Sampool Embankment 131 55841 3 - Environment Agency 

14 11c9.3.1 Heversham Embankment 1101 76419 4 - Private 

15 11c9.3.1 Heversham Embankment 235 57736 3 - Environment Agency 

16 11c9.3.1 Heversham Embankment 149 57737 3 - Environment Agency 

17 11c9.3.1 Heversham Embankment 352 164874 2 - Unknown 

18 11c9.3.1 Heversham Embankment 467 82068 3 - Environment Agency 

19 11c9.3.2 Foulshaw Embankment 1051 170429 2 - Environment Agency 

20 11c9.3.1 Heversham Embankment 1433 82069 3 - Environment Agency 

21 11c9.3.1 Heversham Embankment 1831 164250 3 - Environment Agency 

22 11c9.3.2 Foulshaw Embankment 2403 168910 4 - Environment Agency 

23 11c9.3.2 Foulshaw Embankment 1107 170430 2 - Environment Agency 

24 11c9.3.2 Foulshaw Embankment 302 89851 3 - Environment Agency 

25 11c9.3.2 Foulshaw High ground 168 168729 3 - Private or South 
Lakelands District 
Council* 

26 11c9.3.2 Foulshaw Embankment 488 168909 4 - Environment Agency 

27 11c9.3.1 Heversham Embankment 1014 89850 3 - Environment Agency 

28 11c9.3.2 Meathop Embankment 1619 168728 3 - Environment Agency 

29 11c9.3.2 Meathop Kent Viaduct Wall 47 89852 3 - Private 

30 11c9.1 Arnside High ground 223 61589 3 - Private 

31 11c9.1 Arnside Embankment 2058 89849 3 - Environment Agency 

32 11c9.3 Sampool High ground 360 169053 3 - Private 

33 11c9.3.2 Sampool Embankment 425 55413 3 - Private 

34 11c9.3.1 Sampool Embankment 376 169054 3 - Private 

35 11c9.3.2 Sampool Embankment 204 158716 3 - Private 
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Defence 
Reference 

Policy 
unit Location 

Environment Agency AIMS data 

Defence Type Length 
(m) 

EA Asset 
Reference Condition Residual 

Life (years) Responsibility 

- 11c9.2 Sandside Revetment to Old 
Railway Embankment 

250 89849(2)  2 - Environment Agency 

- 11c9.2 Sandside B5282 Wall - CCC ref: 
B5282/ 

6358 

- - Cumbria County 
Council 

 

The AIMS data does not provide residual life estimates for the defences and so for the strategy a broad 
scale estimate has been made based on Environment Agency asset condition and deterioration guidance. 
Typically, estuary embankments with condition grades of 2 would be expected to deteriorate to condition 
5 (failure) within 30 to 40 years, whilst condition grade 3 may deteriorate to grade 5 in 20 to 30 years. 
Based on this, most of the assets have an expected residual life of more than 20 years, the exception being 
parts of the Foulshaw and Heversham embankments which are condition grade 4, implying a residual life 
of 10 to 15 years, depending on maintenance regime and exposure conditions.  

The performance of the estuarine defences and their future deterioration and maintenance requirements 
is highly dependent on the protection provided by fronting marshes and how this natural protection may 
vary in the future due to natural meandering of the low water channels, changes due to ongoing general 
sediment accretion and the impacts of future climate change and associated sea level rise. 

11c9.1 Kent Viaduct to Dick Fell Road has a wide fronting marsh with a disused railway embankment, in 
a fair condition (Figure 4). The embankment is protected by a wide fronting marsh, although there are 
creeks in the marsh adjacent to the embankment toe at the southern end. The B5282 is slightly set back 
from the embankment with a strip of mature woodland between the old railway embankment and the 
road (Figure 5). 

  
Figure 4 11c9.1 Arnside embankment 
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Figure 5 11c9.1 Kent Viaduct to Dick Fell Road. Google Earth 2018 

11c9.2 Sandside - there is limited defence information for this frontage. A Google Earth image (see Figure 
6) indicates that there is a defence present at the northern extent where the B5282 routes adjacent to 
the Kent Estuary and the frontage has sections of defences along its length. The defences generally consist 
of sections of rock armouring or concrete revetment, or a low wall at the estuary and road interface, with 
intermittent sections of higher ground. Figure 7 shows the riprap revetment to the old railway 
embankment north of Dick Fell Hill and Figure 8 shows defences at Sandside. 

Further inland, Highways England (Historic Railways) is responsible for two structures that cross the 
disused railway line: one carries Storth Road, the other carries Green Lane.  
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Figure 6 11c9.2 Sandside. Google Earth 2018 

  
Figure 7 11c9.2 Revetment to old railway embankment  

  
Figure 8 11c9.2 Defences to B5282 road at Sandside 
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11c9.3 Hollins Well Road north to Levens Bridge (east bank) and Levens Bridge to Kent Viaduct (west 
bank) - this stretch has been considered as two separate sections due to the size and different issues 
experienced: 

- 11c9.3.1 Hollins Well Road north to Levens Bridge (east bank) - the majority of the frontage 
is categorized as embankments and high ground, the condition ranges from fair to poor. The 
defence details along this frontage are limited.  

 
Figure 9 11c9.3.1 Hollins Well Road north to Levens Bridge (East bank). Google Earth 2018 

- 11c9.3.2 Levens Bridge to Kent Viaduct (west bank) - the defences details along this frontage 
are limited. The frontage is categorized as embankments and high ground, the condition 
ranges from fair to poor. 
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Figure 10 11c9.3.2 Levens Bridge to Kent Viaduct (west bank). Google Earth 2018 

2.1.3 Assessment of recent shoreline change 
Inland of the Kent railway viaduct, the inner Kent Estuary acts as a sediment sink (Halcrow, 2011). Fine 
material has been accumulating from both fluvial sources and from tidal inputs; mainly from 
Morecambe Bay and the Irish Sea but also from local erosion of tidal flats, soft cliffs and saltmarsh.  

The estuary is constrained by embankments fronting reclaimed land to the north and naturally high 
ground to the south. There are four moderately sized areas of saltmarsh within this area fringing the 
embankments.  

Comparisons of LiDAR surveys in 2009 and 2010 were reported in Halcrow and KPA (2011) and concluded 
that changes in intertidal area were small despite significant changes in the low water channel location, 
indicating redistribution of sediment rather than major losses and gains (Halcrow, 2013). Google Earth 
imagery (Figure 11) shows that the low water channel moves from west to east between 2003 and 2009 
leading to the loss of marsh located adjacent to the channel on the order of 100 to 200 m. Saltmarsh 
extent in this area has reduced but at a slower rate compared to 2003 – 2009 but channels still remain 
active and appear to be continuously migrating and switching. Similar changes were also observed near 
Arnside which were attributed to channel migration occurring since 2013. No other obvious 
geomorphological changes were visible from aerial imagery however such changes in intertidal extent and 
channel migration within the Kent Estuary may be partly attributed to the number of extreme storm 
events which have occurred since 2013, most notably the storm surge of December 2013. 
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In the future, the sediment balance of the estuary is considered unlikely to be constrained by sediment 
supply as there is a large store of mobile sand on the floor of Morecambe Bay, and tidal waters have a 
relatively high load of suspended fine sand and silt, especially during storm tides and periods of high 
wave action. The low water channel is expected to continue to meander where not restricted by 
defences or surrounding topography, potentially causing the erosion of saltmarshes and undermining of 
defence structures in some areas but creating new areas of saltmarsh in areas of sediment accretion 
(Halcrow, 2013). 

There remain some gaps in understanding relating to the wider estuary area, particularly related to 
sediment sources, transport pathways and fluxes to the estuary, and likely response of the estuary to 
any large scale Managed realignment. 

2.1.4 Flood risk 
There are multiple sources of flooding to this frontage, including river, surface water drainage systems 
and groundwater sources as well as tidal extreme water levels.  

The Environment Agency undertook a flood investigation (EA, 2016), in response to the 2015 Storm 
Desmond flooding. This investigated the factors influencing the extent of the flooding, such as the 
saturated soils following intense rainfall as well as the high tide in the River Kent Estuary restricting the 
free discharge of the fluvial floodwater in the River Kent into Morecambe bay. Nine key actions were 
proposed in the report covering maintenance, resilience and water level management. 

The flood investigation (EA, 2016) noted that the Environment Agency has served notice on four land 
drainage pumping stations of Lyth Valley at Johnstones, Pool Bridge, Sampool and Ulpha from January 
2013 for the funding and channel maintenance to be reduced, this notice period has been extended to 
31st December 2020. At Ulpha, pumps have silted up at times, blocking the discharge and potentially 
causing flooding. In both 2015 and 2018 public consultation showed support from affected landowners 
and occupiers to maintain the pumps at these locations and to progress the setting up of a new Water 
Level Management Board, also known as an Internal Drainage Board. Regular maintenance works to 
pump outlets are recommended to address silt building up. 

A whole catchment approach is required to manage the flood risk.  
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Figure 11 Google Earth image from 2001 (Top Left), 2011 (Top Right) and 2016 (Bottom) showing saltmarsh extent and channel migration near Milnthorpe

2001 2011 

2016 
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2.2 Outline of the problem 
2.2.1 Background 
The key risk for all frontages in this area is from tidal flooding. There are particular concerns regarding the 
future flood risk to the A590 which runs along the northern extreme inland margins of the estuary and is 
vulnerable to fluvial and surface water flooding which can be impacted by high tides as well as from direct 
tidal flooding in extreme surges. Disruption of the A590 route due to flooding has had significant impacts 
on people and businesses in west Cumbria and along the Cumbrian coast in the past. In addition to the 
A590, the coastal road between Arnside and Milnthorpe (B5282), other access roads and the coastal 
railway are key assets at risk. Large tracts of agricultural land and mainly isolated properties and 
farmsteads are also vulnerable to coastal flooding.  

There are opportunities for environmental enhancement through Managed realignment which would 
offset possible future habitat losses due to coastal defence works in the long term epoch. However, this 
would have an impact on adjacent agricultural land. Internal flood management has recently changed or 
is in the process of changing and there needs to be consideration of how to integrate terrestrial and 
coastal flood risk management.  

The two small towns of Arnside (in unit 11e8) and Sandside are located along the estuary east bank, with 
other smaller villages and farms in the tidal flood risk zone. The long term SMP policy is to continue to 
manage risks to the settlements of Arnside and Sandside from flooding and erosion and to maintain the 
integrity of the railway. In order to mitigate the impacts of these defences on the evolution of the estuary, 
in combination with expected future sea level rise, the long term plan also allows for creation of areas of 
new habitat and flood storage areas, by moving defences inland where opportunities exist.  

As the flood risk area within the Kent Estuary is so large, a no active intervention policy was not considered 
appropriate as a future policy option by the SMP2.  

2.2.2 Issues, constraints and opportunities 
The Inner Kent Estuary is covered by many environmental designations: all intertidal areas and 
associated bird populations are protected under the Morecambe Bay and Duddon Estuary SPA and 
Morecambe Bay Ramsar, Morecambe Bay SAC, Morecambe Bay Pavement SAC and SSSI designations 
(Morecambe Bay SSSI, Barker Scar SSSI). In addition, there are other designated conservation sites that 
lie close to or within the floodplain such as Meathop Woods and Quarry SSSI, Roudsea Wood & Mosses 
SSSI, Meathop Moss SSSI, Foulshaw Moss SSSI, Skelwith Hill SSSI and Witherslack Mosses SAC which 
contain important habitats for rare flora and fauna and will need to be considered if MR is adopted in 
accordance with the SMP policy along these frontages.  

The Inner Kent Estuary is also valued for its aesthetic landscape beauty and is partly designated under 
the Lake District National Park, World Heritage Site and the Arnside and Silverdale Area of Outstanding 
Natural Beauty. There are a number of listed buildings within the area, predominately lying within the 
Registered Park and Garden of Dallam Tower, near Sandside. Elsewhere, there is potential for buried 
archaeology.  

Key infrastructure such roads notably A590 and the railway line are important for the local economy and 
due to their location near the frontage or within flood zones need careful consideration in any future 
coastal strategy. Following 2015 storms, the A590 and the railway line was cut off for 15 hours, partly 
due to the Ulpha pump not running, and remains vulnerable due to a combination of river, land 
drainage and tidal flooding risks. Some pumps on the Lyth Valley suffer from siltation, potentially 
impacting land drainage. The pump near the A590 is vulnerable and it has been deemed too expensive 
to raise the A590 by 1 m for a 12 km section. Other assets including drainage pumps have had their 
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notice served by the Environment Agency who are also assessing the viability of the embankment at 
Arnside (11c9.1). 

Several key United Utilities (UU) assets are located within this policy area. Within 11c9.1 and 11c9.2, as 
part of the Arnside Rising Main, a significant number of pipes run along the frontage at Sandside and 
beneath the B5282 (Sandside Road), flowing towards Milnthorpe Wastewater Treatment Works 
(WwTW).  

Likewise, connecting to Milnthorpe WwTW, infrastructure runs within 11c9.3.1 and 11c9.3.2. Among 
them, there are: 

• 3.5 km (200 mm diameter) rising main from Levens Wastewater Pumping Station (WwPS) 

• 1.5 km (150 mm diameter) rising main from Heversham WwPS and 

• Three discharge points from WwPS and WwTW at Marsh Drain (Heversham), Levens Pumping 
Station (Kent Estuary) and Milnthorpe WwTW (tidal stretch of the River Bela). 

There is also water supply infrastructure running adjacent to the  B5282, the A6, A590 as well as some of 
the more minor roads. 

There are many agricultural communities and farmsteads living within the coastal floodplain in the Inner 
Kent Estuary. Any change to the SMP also needs to consider the land value in terms of both cost and 
agricultural land grade. Other assets are also vulnerable to flooding include the Ship Inn at Sandside. 
Whilst farming remains a key industry in the area, tourism is also important to the local economy. 
Natural England is working on proposals to improve public access to the coast between Silecroft and 
Silverdale, which includes this section (see https://www.gov.uk/government/publications/england-
coast-path-in-the-north-west-of-england). 

2.2.3 Strategy considerations and general approach 
Key considerations 
Since the SMP was produced, limited further monitoring data has been collated within the estuary. The 
strategy has considered the following:  

• Current defence conditions and level of risk. 

• Technical options for Managed realignment which could bring both environmental benefits and 
reduce flood risk to economic assets.  

• Local level issues with fluvial outfalls where beach material builds up in the discharge channels 
across the foreshore and reduces the gravity outflow, thereby affecting inland drainage.  

• The need for a long term strategic approach to managing flood risk throughout the estuary, 
taking account of the long term plans for the A590.  

Strategy approach 
SMP appropriate - the SMP2 policy does not need review so the aim of the strategy is to develop 
measures to implement the policy. Future works to manage flood and erosion risk may be eligible for a 
proportion of FDGiA funding and the economic appraisal will consider costs and benefits, following 
FCERM AG guidance.  

2.3 Options development and appraisal 
The main Options Development report defined the long list options, each of these has been screened at 
a high level against technical, economic and environmental criteria to develop a list for final detailed 

https://www.gov.uk/government/publications/england-coast-path-in-the-north-west-of-england
https://www.gov.uk/government/publications/england-coast-path-in-the-north-west-of-england
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appraisal. Table 3 summarises the long list options for each policy unit covered in this section, in 
addition to the baseline options of: 

• Do nothing 

• Do minimum.  

Table 3 Long list options considered for priority units in 11c9 

Priority Unit 

Hold the line Managed realignment Other considerations 
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11c9.1: Kent 
Viaduct to Dick 
Fell Road  

              

11c9.2: Sandside  
              

11c9.3: Hollins 
Well Road north 
to Levens Bridge  

              

 

The second stage has been to appraise the short listed options. The sections below outline the 
identification of long listed options and the assessment of shortlisted options and approaches 
(measures) that could be adopted to achieve the SMP Policy. It should be noted that for this appraisal 
SMP2 policy unit 11c9.3 has been split into two: 11c9.3.1 and 11c9.3.2. 

Do nothing has been appraised as a baseline in all frontages. This option assumes that no further works 
would be undertaken and the existing defences would deteriorate over time, resulting in failure.  

Additional information on environmental impacts is provided in the Strategic Environmental 
Assessment: Environmental Report which systematically appraises the potential environmental 
consequences of the proposed strategy and recommend any actions needed to mitigate and monitor 
identified adverse effects.  

The economic feasibility of implementing an option has been appraised through considering the 
packages of measures required for its implementation have been costed and the benefits of the 
strategic options were identified and evaluated. The Do nothing option provides the baseline for the 
economic appraisal. This is reported in the Economic assessment report.  

 

2.4 11c9.1 Kent Viaduct to Dick Fell Road 
Policy unit 11c9.1, along the east bank of the inner Kent Estuary, is fronted by marshland and defence is 
provided by an old railway embankment parallel to the B5282, which runs along the policy unit. It is 
unknown what level of protection to the embankment provides, it is believed to be currently in a fair 
condition.  
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2.4.1 11c9.1 - Initial screening of options 
The SMP policy is Hold the line in epoch 1 and then Managed realignment in epochs 2 and 3. The policy 
manages the risk in the short term and allows for consideration of realigning the defences in the 
medium or long term to allow a natural process to operate and could potentially create areas of habitat.  

Table 4 below summarises the rationale for taking long options forward to the short list stage. 

Table 4 Screening of long list options for 11c9.1  

Long list options Description Short 
listed? 

Rationale 

Do nothing No further works undertaken, 
defences left to deteriorate and 
fail 

Baseline 
only 

This would not manage the increasing flood risk 
to the hinterland. It has been assessed for 
comparative purposes only. 

Do minimum Reactive patch and repair of 
defences only 

Baseline 
only 

This would not manage the increasing flood risk 
to the hinterland. It has been assessed for 
comparative purposes only. 

Hold the line: maintain 
through proactive 
maintenance 

Measures to maintain the 
existing standard of protection. 

Yes In accordance with current practice of regular 
inspections and necessary repairs. 

Hold the line: maintain 
through reinforcing 
existing defences 

Low cost measures improve 
longevity of existing defences. 

No In this case this option is not significantly 
different from maintain through proactive 
maintenance. 

Hold the line: improve 
existing defences 

Measures to improve defence 
resilience, such as rock toe 
works, raising crest levels. 

Yes Allows for consideration of adaptation to sea 
level rise. This could involve raising the 
embankment crest height to improve resilience 
to increasing flood risk.  

Hold the line: improve 
through constructing new 
revetments or seawalls 

New shore parallel defences 
replacing or extending existing 
defences 

No Equivalent to “Improve Existing Defences” 
option, therefore not considered further. 

Managed realignment: 
construct defences once 
set back 

Construct new rock or concrete 
linear defences at set back 
locations. 

No There is limited space between the toe of the old 
railway embankment and the B5282 so setting 
back the defences significantly is not feasible 
without re-aligning the road. Assets at risk do not 
justify construction of such major capital works. 
Therefore, not considered further. 

Managed realignment: 
construct secondary 
embankments 

Construct new set back flood 
embankments. 

No The main asset at risk is the coast road and 
associated infrastructure. Not considered to be 
justification to construct set back flood 
embankments. Considered as part of “Potential 
habitat creation sites” 

Managed realignment: 
remove existing defences 

Removal of the existing 
defences and allowing natural 
processes to resume.  

No This would not protect the B5282 road which is 
the main route into Arnside or other assets and 
unless undertaken as part of “Managed 
Realignment: construct defences set back” would 
not be in accordance with SMP Policy. 

Other considerations: 
potential habitat creation 
sites 

Consideration of creation of 
new intertidal habitat by 
constructing new secondary 
embankment and regulated 
tidal exchange beneath the 
road. 

Yes There are opportunities to consider habitat 
creation along the frontage.  
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2.4.2 11c9.1 - Development and appraisal of short listed options 
Do nothing (Option 1) 

This would not be in accordance with SMP policy but is required to be considered as a baseline against which other 
options can be appraised. Under this option all maintenance and management of the defences would cease and defences 
would be allowed to fail 

Technical Along most of the frontage the current defences are in a fair condition, with residual life of 10 to 20 years. 
The old railway embankment is fronted by a wide marshland.  

As the embankment deteriorates the failure mechanism is likely to be through a breach developing in the 
embankment or continued inundation overtime as water levels increase; leading to greater occurrence of 
flooding incidents.  

Environmental This option would not alleviate flood risk within this unit, which could result in damage to some properties 
within Carr Bank and other isolated residential and agricultural property along the B5282 and in the 
surrounding area. The B5282 would remain at risk of reduced functionality due to regular inundation, 
increasing the isolation experienced by the rural properties adjacent to the B5282 which is the only link to 
the surrounding area in some cases, and is the main route to Arnside. Additionally, this reduced 
functionality increases the risk to health of these isolated property occupants due to the increased 
response time of emergency services. The increasing occurrence of inundation would likely render the 
agricultural land within the unit unviable, impacting on the local and national economy.  

However, by doing nothing, there may be opportunity for more natural coastal processes to reinstate 
themselves. This may enhance the habitats which form the Morecambe Bay designations and support the 
bird populations of the Morecambe Bay and Duddon Estuary SPA. The impacts of this option on the 
integrity of the Natura sites may require further consideration and assessment under the Habitats and 
Species Regulations (2017).  

This option could result in changes to the landscape within this unit. As this unit falls into the Arnside and 
Silverdale AONB and contributes to the setting of the Lake District World Heritage Site and National Park, 
changes to the visual amenity of the frontage should be carefully considered. 

Cost There are no costs associated with the no active intervention option.  

Damages Uncontrolled flooding of the B5282, the main coastal road between Arnside and Milnthorpe and large 
tracts of agricultural land and mainly isolated properties and farmsteads. The damages are estimated to be 
£14,990 k. 

Do minimum (Option 2) 

This is also considered as a baseline against which other options can be appraised. Under this option only reactive patch 
and repair maintenance would be undertaken, with no works to address any increase in risk due to sea level rise. There 
would be no capital works such as replacement or upgrade of defences. 

Technical This would maintain the protection to current defences in the short term by repairing any damage on a 
reactive ad hoc approach. As there would be no capital works the option would not be sustainable into the 
long term but could enable defences to reach the end of their residual life (up to 20 years), after which the 
option would revert to Do nothing. As the work would be reactive to storm damage there would be 
periods when the road would be closed whilst repairs are organised and undertaken causing disruption 
and requiring temporary diversions. 

Environmental Once the defences failed after the delayed timescale then impacts will be as described in option 1 

Cost There are no Present Value Capital Works. The Present Value Total Cost with Optimism Bias (PV(OB)c) is 
estimated to be £130 k. 

Damages Delay of onset of Do nothing damages in short term. As Do nothing beyond this. 

The benefits are estimated to be £900 k. 
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Hold the line: maintain through proactive maintenance (Option 3) 

This option assumes that the current defence management practices would be continued with a planned programme of 
regular inspections and necessary repairs undertaken in a proactive approach.  

Technical This would maintain the protection to current defences in the short to medium term with a planned 
programme of inspections and repairs to damage undertaken in a proactive approach. As there would be 
no capital works the option would also not be sustainable into the long term but could add 10 to 20 years 
to the residual life of the defences. Beyond this, the option would revert to Do nothing. As the work would 
be planned there would be less disruption in the short term, but it should be recognised that defences 
would not be improved to adapt to any increase in risk, e.g. due to sea level rise. 

Environmental Once the defences fail in the long term after the delayed timescale then impacts will be as described in 
option 1.  

Cost The Present Value Capital Works are estimated to be £120 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £390 k. 

Benefits Delay of onset of Do nothing damages in short term. As Do nothing beyond 50 years. 

The benefits are estimated to be £11,780 k. 

Hold the line: improve existing defences (Option 4) 

This option assumes that the current defence alignment will be retained and that the defences will be upgraded through 
raising the embankment crest to adapt to future coastal change and sea level rise and armouring the front face if the 
fronting protective marsh is lost in future.  

Technical The existing old railway embankment would be upgraded in the future to adapt to ongoing coastal change 
and future sea level rise. A managed adaptive approach could be undertaken by increasing the 
embankment crest level and armouring the embankment when and if flood risk justifies action. This would 
retain and reuse the existing embankment. 

Environmental This option would provide improved protection to the assets in the hinterland resulting from climatic 
factors and sea level rise.  

However, increasing the crest level and armouring the embankment will require a larger footprint of the 
defence, which may extend into the internationally and nationally designated saltmarsh on the estuarine 
side of the defence. The direct and indirect impacts would require assessment through a HRA under the 
Habitats and Species Conservation Regulations (2017) and may require a CRoW assessment (with regard to 
the SSSI).  

The impacts of this option on the WFD objectives of the relevant water bodies would require assessment 
(to include consideration of hydromorphological constraints).  

The larger footprint or higher embankment could also affect the visual amenity of the frontage. The 
impacts on the AONB designation and the setting of the National Park and the World Heritage Site across 
the estuary and to the north and south of the site should be considered, in consultation with the AONB 
Partnership and Natural England.  

Cost Raising of earth embankment. The Present Value Capital Works are estimated to be £6,140 k and the 
Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be £10,090 k. 

Benefits Avoid Do nothing damages over the strategy duration. 

The benefits are estimated to be £14,280 k. 

Other considerations: potential habitat creation sites (Option 5) 

This option would need to be considered alongside Options 4 if impacts on the designated habitats of Morecambe Bay 
need to be compensated for.  

Technical Habitat creation may be required to offset potential damage to the designated sites in Morecambe Bay 
due to direct losses from coastal protection works.  

Due to the presence of the B5282  rather than a wholesale breach of defences,  a regulated tidal exchange 
(RTE) approach allowing controlled flows through a sluice or culvert could be more appropriate. There is 
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around 75 hectares of the flood plain adjacent to the Arnside embankment that could potentially be at a 
suitable level for saltmarsh development with future sea level rise, although restricted flow into the site 
via a culvert may significantly reduce this – this would need to be appraised further at scheme 
development stage. 

Environmental As described above, this option would only be considered in the medium or long term epoch alongside a 
Hold the line option for the current defences, i.e. option 4, if required, to offset intertidal habitat losses 
from coastal squeeze or direct losses in the footprint of larger defences. This option could provide an 
opportunity to deliver an overall net gain in intertidal habitat creation but would result in the loss of non 
designated freshwater grazing marsh that would likely require replacement elsewhere. 

There would be loss of current agricultural land use and depending on scale, changes to the landscape 
setting. An assessment of the effects of Managed realignment on the AONB and National Park may be 
required, in consultation with the AONB Partnership and Natural England to identify areas and landscape 
features at risk and to agree adaptation measures.  

Impacts of this option on WFD objectives would need to be considered in detail at scheme stage.  

Cost The Present Value Capital Works are estimated to be £1,780 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £2,950 k. 

Benefits Avoidance of losses to the designated habitats, which there may be a legal requirement to mitigate.  

2.4.3 11c9.1 - Discussion 
Table 5 summarises the cost and benefit calculations for the various options presented above. 

The existing old railway embankment, which lies between the fronting marsh and road could be 
improved to provide protection into the long term. Option 3 has the highest benefit/cost ratio and 
would be the economically preferred option, but only applies to the medium term.  

The environmental assessment for the SEA report identified Option 5, in combination with Option 4 as 
environmentally preferred in the long term with positive impacts include minimising the risk of flooding 
to the community, assets and infrastructure, habitat creation, maintaining land use, encouraging a more 
natural shoreline evolution and maintaining the visual amenities. 

Although Option 4 provides for the most efficient solution for future management of increased flood 
risk due to sea level rise, it would be unlikely to attract sufficient funding at the present time. 
Incorporation of Option 5 (potential habitat creation) would be the environmentally preferred option, 
but consideration should be given to habitat creation at other sites within the estuary which could 
provide better habitat more cost effectively.  

Table 5 policy unit 11c9.1 Summary of economics 

Option Present Value 
Capital Works £m 

Present Value 
Total cost (PVc)* 

£m 

PV Benefit (Damage 
Avoided) 

£m 

Average Benefit Cost 
Ratio 

Option 1 Do nothing 0.00 0.00 0.00 - 

Option 2 Do minimum 0.00 0.13 0.90 6.9 

Option 3 Hold the line: 
maintain through 
proactive maintenance 

0.12 0.39 11.78 30.2 

Option 4 Hold the line: 
improve existing defences 6.14 10.09 14.28 1.4 

Option 5 Other 
considerations: potential 
habitat creation sites 

1.78 2.95 - - 

*Present Value cost (PVc) inclusive of 60% optimism bias 
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2.4.4 11c9.1 - Strategic way forward 
Whilst the SMP2 vision was to return the estuary to a more natural state through managed realignment 
(construction of set back defences), studies to support this have not yet been undertaken. Any large 
scale realignment (or abandonment) of flood defences is likely to have consequences elsewhere within 
the estuary through affecting flows, water level and sediment distribution and there is also a need for a 
whole estuary catchment approach to manage the flood risk.  

Therefore, the recommended strategic approach for this stretch of coast is to hold the line in the short 
term (next 10 years), whilst these further studies are undertaken and a long-term solution developed.  

Option 3, proactive maintenance of the existing defence, is the recommended approach to achieve this 
and is the most cost effective approach to continuing to manage the risk of erosion and flooding. It 
would involve planned rather than reactive works, enabling, through close working with Natural 
England, AONB Partnership, National Park and World Heritage Site, mitigation measures to minimise 
impact on the natural environment to be sought.  This approach will also allow time for a catchment-
wide approach to be developed and funding  sought, by extending defence life by 10 to 20 years.   

This option would not address any increase in risk as a result of sea level rise, and Option 4 (improve 
existing defences) would provide the most efficient solution for future management of increased flood 
risk due to sea level rise in the longer term. However, this would be unlikely to attract sufficient funding 
at the present time and would have potentially adverse effects on the designated sites. To address this 
and to provide mitigation or compensatory habitat to offset direct losses, the potential for localised 
habitat creation through a regulated tidal exchange (RTE) (Option 5) is recommended for further 
consideration, although other sites within the estuary are likely to be more appropriate. A number of 
further studies are required to confirm the feasibility of regulated tidal exchange for this purpose along 
the frontage and how it could be incorporated in the long term (see to Section 1.3).  

Future activities include: 

• Continued inspection and maintenance of the existing structures, with repairs and remedial 
works undertaken as necessary.  

• Continued monitoring of intertidal change, as part of the North West Regional Monitoring 
Programme, to identify any changes in observed trends and any possible increase in risk level. 
This may identify that improvement to the defences is likely to be needed earlier.  

• Development of a management plan to indicate the need for advance planning of works 
(beyond next 10 years), including identification of possible funding sources. This should be 
developed through engagement and consultation with AONB Partnership, National Park and 
World Heritage Site and Natural England. Any modification to or replacement of the existing 
structures would require consent from Natural England due to the designation of the intertidal 
zone and a scheme level HRA and AA may need to be undertaken. The works are likely to be 
above high tide level, in which case no MMO licence would be required. Consultation with 
AONB Partnership is also advised to ensure that conservation and enhancement of the natural 
beauty of the nearby AONB is considered. 

• An estuary-wide scale geomorphological study looking at current and potential future gains and 
losses in marsh and flats. This would improve understanding of how the estuary is changing and 
help in the identification of sites where future managed realignment could be considered. It 
would also provide baseline data for future Habitat Regulations Assessments. Engagement with 
AONB Partnership, the National Trust and Natural England as part of such a study is 
recommended. 
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• Local inspections and silt management where justified at a number of locations for both inner 
and outer Kent (11c8 and 11c9) to address fluvial flooding caused by tidal locking and blockage 
from saltmarsh accretion. 

• Additional studies to explore the potential for habitat creation through a regulated tidal 
exchange (RTE) approach (Option 5), including:  

• Clarification of the objectives for undertaking a regulated tidal scheme. 

• Consideration of other sites within the inner estuary where compensatory habitat could 
be provided more cost effectively and where there is less infrastructure at risk.  

• More detailed desktop assessment of sites (e.g. lengths of footpaths with site, potential 
for contaminated land, impacts on existing assets, including UU infrastructure). 

• Preliminary design - quantifying the length of any new defences, number and positions 
of structures. 

• Hydrodynamic modelling to determine effects on flood risk and geomorphology as well 
as the likely inundation of the sites. 

• Costs and economics - quantifying the costs for the works and future maintenance 
versus existing management activities. 

Further details on actions and responsibilities are provided in the Action Plan. 

 

2.5 11c9.2 Sandside 
Policy unit 11c9.2 extends along the south bank of the Kent Estuary and includes the community of 
Sandside.   

Information on the existing defences is limited. It appears there are areas protected by rock 
interspersed by higher ground. The B5282 follows the estuary channel edge at Sandside and along much 
of its length there is a low wall on the estuary side of the road. The wall stops near the Ship Inn, south of 
which there is no raised defence but there is typically a concrete revetment or low retaining wall 
between the estuary edge and the road. 

2.5.1 11c9.2 - Initial screening of options 
The current SMP2 policy is Hold the line across the strategy period.  

There is high ground landward of the road and generally limited or no space to set the road back, so 
managed realignment would not be feasible in this unit.  

Table 6 below summarises the rationale for taking long options forward to the short list stage. 

Table 6 Screening of long list options for 11c9.2  

Long list options Description Short listed? Rationale 

Do nothing No further works 
undertaken, defences left 
to deteriorate and fail 

Baseline only This would not manage the increasing flood 
risk to the hinterland and is not in line with 
the SMP2 policy. It has been assessed for 
comparative purposes only. 

Do minimum Reactive patch and repair 
of defences only 

Baseline only This would not manage the increasing flood 
risk to the hinterland. It has been assessed 
for comparative purposes only. 
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Hold the line: maintain 
through proactive 
maintenance 

Measures to maintain the 
existing defences. 

Yes In accordance with current practice of 
regular inspections and necessary repairs. 

Hold the line: maintain 
through reinforcing existing 
defences 

Low cost measures improve 
longevity of existing 
defences. 

No In this case this option is not significantly 
different from maintain through proactive 
maintenance. 

Hold the line: improve 
existing defences 

Measures to improve 
defence resilience, such as 
rock toe works, raising 
crest levels. 

Yes Allows for consideration of adaptation to sea 
level rise. This could take the form of rock 
armour works or possibly proprietary 
revetment system to overlay any existing 
structures. 

Hold the line: improve 
through constructing new 
revetments or seawalls 

New shore parallel 
defences replacing or 
extending existing defences 

Yes Consideration of the provision of flood 
protection, options such as a new 
embankment or seawall maybe appropriate 
therefore considered further. 

Manage realignment: 
construct defences once 
set back 

Construct new rock or 
concrete linear defences at 
set back locations if or 
where road realigned. 

No No suitable locations for realigning the 
defences.  

2.5.2 11c9.2 – Development and appraisal of short listed options 
Do nothing (Option 1) 

This is considered as a baseline against which other options can be appraised. This is the current short term SMP policy 
due to the low coastal risks at presence.  

Technical The condition of the existing assets is unknown but without investment deterioration of the defences is 
anticipated. There is a flood risk to the road and a few properties adjacent to the road. Failure of the 
assets is likely to extend the flood plain landward or increase frequency of flooding locally and impact 
traffic on the road.  

Environmental This option would not alleviate the flood risk to the frontage. A number of properties within Storth and 
Sandside would be at risk of flooding, including hotels and restaurants which support tourism. The B5282, 
which runs adjacent to the frontage, would be at increasing risk of regular inundation, increasing 
maintenance costs and potentially isolating Storth and Sandside from the surrounding area. Alternative 
routes are available, but would put increased pressure on these local roads and could lead to longer 
response times of emergency services. Regular flooding to this road could also limit the productivity of 
Sandside Quarry within the frontage.  

Due to the amount of made ground, the number of properties within close proximity to the frontage and 
the natural high ground to the rear, it is unlikely that natural processes would be able to re-establish even 
in the long term epoch, if the current defences were to fail. If the defences fail and damage to the 
infrastructure and properties is caused, this may have an impact on the visual amenity of the frontage, 
which is a part of the Lake District WHS and National Park which covers the opposite side of the estuary 
and the areas to the north and the south of the frontage. This frontage is also a part of the Arnside and 
Silverdale AONB.  

The impacts of this option on the integrity of the Natura sites may require further consideration and 
assessment under the Habitats and Species Regulations (2017).  

Cost There are no costs associated with the no active intervention option.  

Damages Flooding of the B5282, large tracts of agricultural land, properties within Sandside and farmsteads.  

The damages are estimated to be £1,490 k. 
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Do minimum (Option 2) 

This is also considered as a baseline against which other options can be appraised. Under this option only reactive patch 
and repair maintenance would be undertaken, with no works to address any increase in risk due to sea level rise. There 
would be no capital works such as replacement or upgrade of defences once time expired. 

Technical This would maintain the protection to current defences in the short term by repairing any damage on a 
reactive ad hoc approach. As there would be no capital works the option would not be sustainable into the 
long term, but could ensure the defences reach the end of their residual life, after which the situation 
would revert to do nothing. Flood risk to the road and adjacent properties would increase in future with 
sea level rise. As the work would be reactive to storm damage there would be periods when the road 
would be closed whilst repairs are organised and undertaken causing disruption and requiring temporary 
diversions. 

Environmental Once the defences fail after the delayed timescale then impacts will be as described in option 1 

Cost There are no Present Value Capital Works, since works are restricted to patch and repair works only. The 
Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be £60 k. 

Damages Delay of onset of do nothing damages in short term. Damages as do nothing in long term. The damages 
are estimated to be £1,490 k. 

Hold the line: maintain through proactive maintenance (Option 3) 

This option assumes that the current defence management practices would be continued with a planned programme of 
regular inspections and necessary repairs undertaken in a proactive approach.  

Technical This would maintain the protection to current defences in the short to medium term with a planned 
programme of inspections and repairs to damage undertaken in a proactive approach. As there would be 
no capital works the option would also not be sustainable into the long term, but could add 10 to 20 years 
to the residual life of the defences. Beyond this, the situation would revert to do nothing. Flood risk to the 
road and adjacent properties would increase in future with sea level rise. As the work would be planned 
there would be less disruption in the short to medium term. 

Environmental Once the defences fail in the long term after the delayed timescale then impacts will be as described in 
option 1.  

Cost The Present Value Capital Works are estimated to be £50 K and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £170 k. 

Benefits Delay of onset of do nothing damages in short term. Damages as do nothing in long term (note that this 
does not take account of result of delay in damage to road. 

Hold the line: improve existing defences (Option 4) 

This option assumes that the current defence alignment will be retained and that the defences will be upgraded through 
toe reinforcement, rock armouring and crest raising to adapt to future coastal change and sea level rise.  

Technical The existing defences would be upgraded in the future to adapt to ongoing coastal change and future sea 
level rise. This would be similar to the works required under Option 3, but with the addition of crest raising 
or placing additional rock armour overlay to give a rougher more dissipative revetment surface. The future 
improvements would seek to mitigate deeper water at the defence toe due to sea level rise allowing larger 
wave attack to the coastal structures and sustain or reduce wave overtopping discharges. It is assumed 
that a managed adaptive approach would be taken to climate change, so the larger defences or crest 
raising would be implemented only when existing defences reach end of their service life and need 
replacing or the increasing disruption to road traffic justifies intervention to manage the risk. 

Environmental The risk to hinterland assets and the community at Sandside would be minimised through the duration of 
the strategy. However, higher crest levels may result in altered visual amenity to the frontage, affecting 
both the residents’ views over the estuary, the setting of the WHS and National Park, as well as the AONB. 
Additionally, a higher crest may require a larger footprint of the defence, which has the risk of encroaching 
on the nature conservation designations, which almost reach the toe of the current defences. Assessment 
of potential for adverse impacts on the landscape character and visual amenity of the AONB due to rock 
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armouring and crest raising may need to be undertaken, and consultation with AONB Partnership and 
National Park would be required.  

Cost The Present Value Capital Works are estimated to be £2,910 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £4,780 k. 

Benefits Avoid do nothing damages over the strategy duration. The benefits are estimated to be £1,490 k. 

Hold the line: Improve through constructing new revetments or seawalls (Option 5) 

This approach will only be required if or when flood risk to the road and adjacent properties is considered significant 
enough to warrant intervention. The potential option considered is a new revetment with raised crest wall 

Technical The new structure would be designed to withstand the extreme waves and water levels that might be 
expected and provide a long term solution to current and future flood risk issues. It would, however, 
involve a larger footprint.  

Environmental The option would involve a new structure along the coastline on the seaward side of the B5282 and would 
manage flood risk to the road and adjacent properties. There would be no anticipated impact on 
longshore drift, but the structure would be constructed within the areas of environmental designation. 
The impacts of new defences on the integrity of the SAC, SPA, Ramsar site and SSSI will need to be 
assessed under the Habitats and Species Conservation Regulations (2017) and the Countryside and Rights 
of Way Act (2000) respectively.  

Any impacts on the WFD objectives of the relevant waterbodies including the Kent transitional waterbody 
should be assessed.  

Any new structure would affect the landscape character and the visual amenity of the frontage. As much 
of the frontage currently has views of the estuary that are unobstructed construction of a new hard 
engineered defence may result in significant changes. Such a defence could reduce the heritage value of 
the railway including the setting of the railway footbridge listed building and views from the Kent Viaduct. 
Additionally, this frontage falls into the Arnside and Silverdale AONB and has unobstructed views from the 
opposite side of the estuary which is a part of the Lake District WHS and National Park. Consultation with 
AONB Partnership and National Park would be required. 

Cost The Present Value Capital Works are estimated to be £2,260 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £3,960 k. 

Benefits Avoid do nothing damages over the strategy duration. The benefits are estimated to be £1,490 k. 

2.5.3 11c9.2 - Discussion 
Table 7 summaries the cost and benefit calculations for the various options presented above. None of 
the options show a Benefit Cost Ratio above 1.0, which would be required to justify future 
improvement. However, the strategic level economic assessment was not able to value the United 
Utilities and possibly other infrastructure that is at risk if the defences fail and may not fully account for 
the local importance of the B5282 road.  

Table 7 policy unit 11c9.2 Summary of economics 

Option 
Present Value 
Capital Works 

£m 

Present Value Total 
cost (PVc)* 

 £m 

PV Benefit 
(Damage 
Avoided) 

£m 

Average Benefit 
Cost Ratio 

Option 1 Do nothing 0.00 0.00 0.00 - 

Option 2 Do minimum 0.00 0.06 0.00 0.00 

Option 3 Hold the line: maintain through 
proactive maintenance 0.05 0.17 0.00 0.00 

Option 4 Hold the line: improve existing 
defences 2.91 4.78 1.49 0.31 
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Option 5 Hold the line: improve through 
constructing new revetments or seawalls 2.26 3.96 1.49 0.38 

*Present Value cost (PVc) inclusive of 60% optimism bias 
 

Within the next 10 years, the preferred technical option is to hold the line whilst a long-term solution is 
developed and Option 3, proactive maintenance of the existing defence, is the recommended approach. 
The environmental assessment for the SEA identified Option 4 and Option 5 equally the environmentally 
preferred in the long term, with positive impacts including minimising the risk of flooding to the 
community, assets and infrastructure, maintaining land use and defending historical assets. In the short 
term Option 3 is considered environmentally acceptable, meet 3 of the SEA objectives with none 
negative and 5 neutral impacts.  

There are several alternative approaches to hold the line in the longer term, although the most suitable 
technical approach is to provide a formal revetment and crest wall (either through Option 4, modifying 
the existing structures or Option 5, constructing a new revetment) when justified due to increasing risk 
from climate change or channel migration. Further consultation with the community and key 
organisations is recommended to determine the best long term approach.  

2.5.4 11c9.2 - Strategic way forward 
Information on the existing defences is limited and further data is required. In the next 10 years it is 
proposed that the defences should be maintained through proactive maintenance, but with monitoring 
of the defence condition and risk of undermining, relating to the migration of the low water channel. 

This will allow time for a catchment / estuary wide approach to be developed, which would need to 
consider opportunities for habitat creation to offset losses due to coastal works, and also for funding to 
be sought for long term works, by extending defence life by 10 to 20 years. Proactive rather than 
reactive management will minimise potential impacts on the natural environment through close working 
with Natural England, AONB Partnership, National Park and World Heritage Site. 

In the long term, the intention would be to continue to hold the line, as per the SMP policy, and there 
are several alternative approaches possible that would need consideration at scheme level to select a 
technical, social, economic and environmentally preferred option. Some parts of the frontage may need 
higher than the current defence levels to appropriately manage risks from flooding in the future. Given 
uncertainty regarding current defences and the sensitivity of the intertidal habitat, it is recommended 
that there is further consideration of the most suitable and affordable option. A whole catchment 
approach is required to manage the flood risk, which would need to take into account proposals for 
other frontages within the estuary and consider the need for habitat creation as part of a compensation 
requirement for direct losses.  

 
Future activities include: 

• Inspection and maintenance of the existing structures, with repairs and remedial works 
undertaken as necessary.  

• Continued monitoring of intertidal change, as part of the North West Regional Monitoring 
Programme, to identify any changes in observed trends and any possible increase in risk level. 
This may identify that improvement to the defences is likely to be needed earlier.  

• Development of a management plan to indicate the need for advance planning of works 
(beyond next 15 years), including identification of possible funding sources. This should be 
developed through engagement and consultation with AONB Partnership, National Park and 
World Heritage Site and Natural England. Any modification to or replacement of the existing 
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structures would require consent from Natural England due to the designation of the intertidal 
zone and a scheme level HRA and AA may need to be undertaken. If works are likely to extend 
below high tide level, a MMO licence would also be required. Consultation with AONB 
Partnership is also advised to ensure that conservation and enhancement of the natural beauty 
of the nearby AONB is considered. 

• An estuary-wide scale geomorphological study looking at current and potential future gains and 
losses in marsh and flats. This would improve understanding of how the estuary is changing and 
help in the identification of sites where future managed realignment could be considered. It 
would also provide baseline data for future Habitat Regulations Assessments. Engagement with 
AONB Partnership, the National Trust and Natural England as part of such a study is 
recommended. 

Further details on actions and responsibilities are provided in the Action Plan. 

2.6 11c9.3.1 Hollins Well Road north to Levens Bridge (east 
bank)  

Much of the frontage is undeveloped, with extensive agricultural land extending landwards from the 
marsh edge. There is, however, a coastal road, which is an important link for farmsteads and isolated 
properties and there are a number of United Utilities (UU) assets which link to Milnthorpe WwTW. 
Information on existing defences along the frontage is limited. The majority of the frontage appears to 
be protected by embankments and higher ground.  

The management approach to fluvial risk and land drainage on the west bank is undergoing a change 
process as the Environment Agency has served notice on the land drainage pumps and is looking to hand 
over responsibility to landowners or an Internal Drainage Board. It is important that the Kent Estuary be 
considered as a whole to ensure there is no contradiction with the River Kent upstream policies. 

2.6.1 11c9.3.1 - Initial screening of options 
The SMP policy is Hold the line in epoch 1 and then Managed realignment from epochs 2. The policy 
manages the risk in the short term and allows for future consideration of realigning the defences to 
allow a more natural process to operate and could potentially create large areas of habitat.  

Table 8 below summarises the rationale for taking long options forward to the short list stage and 
includes both hold the line and managed realignment approaches. 

Table 8 Screening of long list options for 11c9.3  

Long list options Description Short listed? Rationale 

Do nothing No further works undertaken, 
defences left to deteriorate 
and fail 

Baseline only This would not manage the increasing 
flood risk to the hinterland. It has been 
assessed for comparative purposes only. 

Do minimum Reactive patch and repair of 
defences only 

Baseline only This would not manage the increasing 
flood risk to the hinterland. It has been 
assessed for comparative purposes only. 

Hold the line: maintain 
through proactive 
maintenance 

Measures to maintain the 
existing defences. 

Yes In accordance with current practice of 
regular inspections and necessary repairs. 
Would not mitigate increasing tidal flood 
risk in future. 

Hold the line: maintain 
through reinforcing existing 
defences 

Low cost measures improve 
longevity of existing 
defences. 

No In this case this option is not significantly 
different from maintain through proactive 
maintenance. 
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Hold the line: improve 
existing defences 

Measures to improve defence 
resilience, such as rock toe 
works, raising crest levels. 

Yes Allows for consideration of adaptation to 
sea level rise. This could involve raising the 
embankment crest height to improve 
resilience to increasing flood risk.  

Hold the line: improve 
through constructing new 
revetments or seawalls 

New shore parallel defences 
replacing or extending 
existing defences 

No Equivalent to “Improve Existing Defences” 
option, therefore not considered further. 

Managed realignment: 
construct defences once 
set back 

Construct new localised 
defences (walls or 
embankments) where 
justified and allow front line 
defences to naturally 
deteriorate. 

Yes There may be locations in the policy unit 
that could justify localised set back 
defences if the front line defences are 
realigned to give a more cost effective 
alignment of the defences and adapt to 
future sea level rise.  

Managed realignment: 
construct secondary 
embankments 

Construct new set back flood 
embankments. 

No Considered as part of either “Managed 
realignment: Construct defences once set 
back” or “Potential habitat creation sites” 

Managed realignment: 
remove existing defences 

Removal of the existing 
defences and allowing natural 
processes to resume.  

No This would not manage risks to the road or 
other assets and unless undertaken as part 
of “Manage Realignment: construct 
defences set back” would not be in 
accordance with SMP Policy. 

Other considerations: 
potential habitat creation 
sites 

Consideration of creation of 
new intertidal habitat by 
constructing new secondary 
embankment and regulated 
tidal exchange. 

Yes There are opportunities to consider habitat 
creation along the frontage.  

2.6.2 11c9.3.1 - Development and appraisal of short listed options 
Do nothing (Option 1) 

This would not be in accordance with SMP policy but is required to be considered as a baseline against which other 
options can be appraised. Under this option all maintenance and management of the defences would cease and defences 
would be allowed to fail 

Technical The future lifespan of the existing defences would depend upon changes in exposure conditions due to 
migration of the low water channel. Should the channel start to infill or move away from the coast, there 
is potential for accretion of the fronting flats and recolonization of marsh. This would add protection to 
defences and effectively prolong their life. Conversely, should the channel continue to migrate onshore, 
the risk of undermining will remain and potentially increase.  

The existing defence details are limited, once the defences have failed the low lying land will be more 
susceptible to tidal inundation and regular flooding. The unmanaged failure of the defences could result 
in significant potential risk to scour at the railway viaduct due to increased tidal volumes and therefore 
greater flows on each tide. 

Environmental Should the defences fail, there are multiple isolated hamlets, residential properties and farmsteads which 
are at risk of damage from flooding. There would be an increasing risk to human health as regular 
inundation of the network of minor roads would increase isolation and response times of emergency 
services. The option could also compromise the railway viaduct and result in loss of the rail link to west 
Cumbria as there would be no mitigation for the increased scour risk at the viaduct under do nothing. 

However, the failure of the defences may allow more natural processes to re-establish themselves within 
the frontage. This may provide the opportunity for the designated habitats and species to be enhanced, 
adding value to the Natura designations.  

This option could alter the visual amenity of the frontage, part of which is designated under the Arnside 
and Silverdale AONB, and the Lake District National Park and WHS. There are unobstructed views to most 
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of this frontage from the Kent Viaduct which is a part of a heritage railway, and so the impact of any 
changes on the landscape value should be considered.  

Cost There are no costs associated with the no active intervention option.  

Damages Large tracts of agricultural land and mainly isolated properties and farmsteads. Risk of loss of or damage 
to railway viaduct. The do nothing damages are £8,670 k. 

Do minimum (Option 2) 

This is also considered as a baseline against which other options can be appraised. Under this option only reactive patch 
and repair maintenance would be undertaken, with no works to address any increase in risk due to sea level rise. There 
would be no capital works such as replacement or upgrade of defences once time expired. 

Technical This would maintain the protection to current defences in the short term by repairing any damage on a 
reactive ad hoc approach. As there would be no capital works the option would not be sustainable into the 
long term, but ensure defences reach the end of their anticipated residual life, after which the situation 
would revert to do nothing.  

Environmental Once the defences failed after the delayed timescale then impacts will be as described in option 1 

Cost There are no Present Value Capital Works, since works are restricted to patch and repair works only. The 
Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be £730 k. 

Damages Delay of onset of do nothing damages in short term. As do nothing in long term. The damages are £8,650 k 
to be compared to do nothing option, giving PV benefits of £30k. 

Hold the line: maintain through proactive maintenance (Option 3) 

This option assumes that the current defence management practices would be continued with a planned programme of 
regular inspections and necessary repairs undertaken in a proactive approach.  

Technical This would maintain the protection to current defences in the short to medium term with a planned 
programme of inspections and repairs to damage undertaken in a proactive approach. As there would be 
no capital works the option would also not be sustainable into the long term, but could add 10 to 20 years 
to the residual life of the defences. In the longer term the situation would revert to do nothing. As the 
work would be planned there would be less disruption in the short term. 

Environmental Once the defences fail in the long term after the delayed timescale then impacts will be as described in 
option 1.  

Cost The Present Value Capital Works are estimated to be £700 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £2,180 k. 

Benefits Delay of onset of do nothing damages in short term. The damages are £3,780 k, giving PV benefits of 
£4,890 k compared to Do nothing option. 

Hold the line: improve existing defences (Option 4) 

This option assumes that the current defence alignment will be retained and that the defences will be upgraded through 
toe reinforcement, rock armouring and crest raising as necessary in future to adapt to future coastal change and sea level 
rise. This would not be in accordance with SMP policy but has been considered to compare to other options.  

Technical The existing defences would be upgraded in the future to adapt to ongoing coastal change and future sea 
level rise. This would include proactive maintenance as required under Option 3, but with the addition of 
crest raising or placing additional rock armour scour protection to manage risk to embankments from 
future channel migration. The future improvements would seek to mitigate sea level rise. It is assumed 
that a managed adaptive approach would be taken to climate change, so the larger defences would be 
implemented only when existing defences reach end of their service life and need replacing or the 
increasing flood frequency justifies intervention to manage the risk. 

Environmental Assets would be defended through the duration of the strategy. However, higher crest levels may result in 
altered visual amenity to the frontage, affecting both the residents’ views over the estuary and the setting 
of the WHS and National Park, as well as the AONB. Additionally, a higher crest will likely require a larger 
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defence footprint, which may encroach on the Morecambe Bay designations. Consultation with AONB 
Partnership and the National Park may be required. The impacts of this option on the integrity of the 
Natura sites would likely require a HRA. 

Cost The Present Value Capital Works are estimated to be £11,460 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £19,780 k. 

Benefits Avoid Do nothing damages over the strategy duration. Benefits unlikely to be sufficient to justify 
intervention. The benefits are £7,950 k compared to Do nothing option. 

Managed realignment: construct defences once set back (Option 5) 

This option assumes that set back defences would be required for local areas or to form cross banks so that areas could be 
left undefended or defences allowed to fail whilst providing protection to assets where justified. This accords with the 
medium term SMP policy which allows for potential Managed realignment in the medium to long term.  

Technical In some locations the defences could be set back to high ground and in others a more sustainable 
alignment may be possible, reducing the costs of coastal defence. However, it is considered that large 
scale intervention for set back embankments would not be justifiable at present and would only be 
feasible if there were large increases in tidal flood risks in future due to climate change.  

Environmental Impacts would be similar to Do nothing where assets are not set back. The option would be in accordance 
with the SMP policy. The need for Hold the line or set back defences would need careful consideration in a 
HRA. Set back defences could alter the visual amenity of the frontage, part of which is designated under 
the Arnside and Silverdale AONB, and the Lake District National Park and WHS.  Consultation with AONB 
Partnership and the National Park may be required. 

Impacts of this option on the WFD objectives of relevant water bodies should also be considered. 

Cost The Present Value Capital Works are estimated to be £1,840 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £3,250 k. 

Benefits Depends upon the scale of works which were not determined at this stage. 

Other considerations: potential habitat creation sites (Option 6) 

This option would need to be considered alongside Options 3 or 4 if impacts on the designated habitats of Morecambe 
Bay need to be mitigated or compensated for.  

Technical Habitat creation may be required to offset potential damage to the designated sites in Morecambe Bay 
due to coastal defence works. This would involve construction of set back flood defences.     

Environmental As described above, this option would only be considered in the medium or long term epoch alongside 
Hold the line options for the current defences, options 3 or 4 if required, to compensate for intertidal 
habitat losses due to coastal defence works. This option could provide an opportunity to deliver an overall 
net gain in intertidal habitat creation. 

There would be impacts on current agricultural land use and depending on scale, on the landscape setting. 
A gain in intertidal habitat would result in the loss of non designated freshwater grazing marsh that would 
likely require replacement elsewhere. Impacts of this option on the WFD objectives should also be 
considered.  

Cost Depending upon the scale of works, the Present Value Capital Works are estimated to be £110 k to 
£4,650 k and the Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be £210 k to 
£7,910 k. 

Benefits Depends upon the scale of works which were not determined at this stage.  

2.6.3 11c9.3.1 - Discussion 
Table 9 summaries the cost and benefit calculations for the various options presented above for the 
combined areas of 11c9.3.1 and 11c9.3.2. 
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Option 3, Hold the line: maintain through proactive maintenance, has the highest BCR and demonstrates 
that continuing to maintain the defences is economically worthwhile on an estuary wide basis.  The 
incremental BCR of 4 over Option 3 is only 1.5 and so it is unlikely that option 4, improvements to 
existing defences would be justified in the short term. The maintenance of the defences in the short 
term will allow for a catchment-wide approach to be developed and also for funding to be sought, by 
extending defence life by 10 to 20 years. 

During the 2018 consultation on this strategy review, it was noted that both A590 and A6 have at times 
been impassable due to flooding. Option 2 Do minimum would not be sufficient to protect both 
farmland and the road network in the medium to long term. In the short term Option 3, proactive 
maintenance of the existing defences could be sufficient to allow further investigation to be undertaken, 
although greater understanding of the existing defences is required to confirm the viability and duration 
of this approach.  

The environmental assessment of alternative options identified Option 5 and 6 as equally preferred due 
to minimising the risk of flooding to the community, assets and infrastructure, habitat creation, 
encouraging natural shoreline evolution, maintaining land use. In the short-term Option 3 is 
environmentally acceptable as it met 3 of the SEA objectives with none negative and 5 neutral impacts. 

In the longer term, Option 4 (improve existing defences) could provide for the most cost effective  
solution for future management of increased flood risk due to sea level rise, but would require a change 
to the SMP Policy of Managed realignment and would be unlikely to attract sufficient funding at the 
present time. However, option 4 could be combined with localised habitat creation through managed 
realignment of embankments (Option 6) if impacts on the designated habitats of Morecambe Bay need 
to be mitigated or compensated for. A number of further studies are required to confirm the feasibility 
and extent of MR within this unit. 

Table 9 policy unit 11c9.3 Summary of economics 

Option 
Present Value 
Capital Works 

£m 

Present 
Value 

Total cost 
(PVc)* £m 

PV Benefit 
(Damage 
Avoided) 

£m 

Average 
Benefit 

Cost 
Ratio 

Option 1 Do nothing 0.00 0.00 0.00 - 

Option 2 Do minimum 0.00 1.95 0.58 0.3 

Option 3 Hold the line: maintain through proactive maintenance 1.84 5.77 31.40 5.44 

Option 4 Hold the line: improve existing defences 20.33 36.37 87.12 2.4 

Option 5 Managed realignment: construct defences once set back 72.03 116.24 - - 

Option 6 Other considerations: potential habitat creation sites a 
b 

2.61 4.44 - - 

11.55 19.5 - - 

*Present Value cost (PVc) inclusive of 60% optimism bias 
 

2.6.4 11c9.3.1 - Strategic way forward 
Whilst the SMP2 vision for the long term was to return the estuary to a more natural state through 
managed realignment (construction of set back defences), the studies needed to support this have not 
yet been undertaken. Any large scale realignment is likely to have consequences elsewhere within the 
estuary through affecting flows, water level and sediment distribution and there is a need for a whole 
estuary catchment approach to manage the flood risk.  

Therefore, the recommended strategic approach for this stretch of coast is to hold the line in the short 
term (next 10 years), whilst these further studies are undertaken and a long-term solution developed.  
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Therefore over the next 10 years the preferred option is Option 3, Hold the line by maintaining through 
proactive maintenance. This would involve planned rather than reactive works, thereby minimising 
potential impacts on the natural environment through close working with Natural England , AONB 
Partnership, National Park and World Heritage Site.  This approach will allow time for a catchment-wide 
approach to be developed and funding  sought, by extending defence life by 10 to 20 years.   

The long term approach (beyond 10 years) is likely to involve a mixture of hold the line, through 
improving existing defences, and construction of set back defences to create habitat sites.  

Future activities include: 

• Inspection and maintenance of the existing structures, with repairs and remedial works 
undertaken as necessary.  

• Development of a management plan to indicate the need for advance planning of works 
(beyond next 10 years), including identification of possible funding sources. This should be 
developed through engagement and consultation with AONB Partnership, National Park and 
World Heritage Site and Natural England. 

• An estuary-wide scale geomorphological study looking at current and potential future gains and 
losses in marsh and flats. This would improve understanding of how the estuary is changing and 
help in the identification of sites where future managed realignment could be considered. It 
would also provide baseline data for future Habitat Regulations Assessments. Engagement with 
AONB Partnership, the National Trust and Natural England as part of such a study is 
recommended. 

• Further studies to fully understand the implications of realigning or abandoning sections of 
defences. 

• Associated with this, additional studies to explore the potential for habitat creation, including: 

• Clarification of the objectives for undertaking a regulated tidal scheme. 

• More detailed desk top assessment of sites (e.g. lengths of footpaths with site, potential 
for contaminated land, impacts on existing assets, including UU infrastructure). 

• Full environmental assessment. 

• Preliminary design - quantifying the length of any new defences, number and positions 
of structures. 

• Hydrodynamic modelling to determine effects on flood risk and geomorphology as well 
as the likely inundation of the sites. 

• Costs and economics - quantifying the costs for the works and future maintenance 
versus existing management activities. 

Further details on actions and responsibilities are provided in the Action Plan. 

2.7 11c9.3.2 Levens Bridge to Kent Viaduct (west bank)  
This unit covers the west bank of the estuary. This is a largely undeveloped frontage, with extensive 
agricultural land extending landwards from the marsh edge. The coastal link road is set back from the 
coastal edge, but is within the flood risk area. There are a number of farmsteads and isolated properties, 
which are serviced by UU infrastructure. The A590 is located in the north of the policy unit, at the tidal 
limit and has been subject to flooding (Section 2.1.4), although this was primarily fluvial.  
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Information on existing defences along the frontage is limited. The majority of the frontage appears to 
be protected by embankments and higher ground.  

The management approach to fluvial risk and land drainage on the west bank is undergoing a change 
process as the Environment Agency has served notice on the land drainage pumps and is looking to hand 
over responsibility to landowners or an Internal Drainage Board. It is important that the Kent Estuary be 
considered in this to ensure there is no contradiction with the River Kent upstream policies. 

2.7.1 11c9.3.2 - Initial screening of options 
 

As for policy sub unit 11c9.3.1, the SMP policy is Hold the line in epoch 1 and then Managed realignment 
in epochs 2 and 3. The policy manages the risk in the short term and allows for future consideration of 
realigning the defences to allow a natural process to operate and could potentially create large areas of 
habitat.  

Table 10 below summarises the rationale for taking long options forward to the short list stage. 

Table 10 Screening of long list options for 11c9.3  

Long list options Description Short listed? Rationale 

Do nothing No further works 
undertaken, defences left 
to deteriorate and fail 

Baseline only This would not manage the increasing flood 
risk to the hinterland and may have adverse 
impacts on infrastructure including the Kent 
viaduct and the A590 road. It has been 
assessed for comparative purposes only. 

Do minimum Reactive patch and repair 
of defences only 

Baseline only This would not manage the increasing flood 
risk to the hinterland. It has been assessed 
for comparative purposes only. 

Hold the line: maintain 
through proactive 
maintenance 

Measures to maintain the 
existing defences. 

Yes In accordance with current practice of 
regular inspections and necessary repairs. 
Would not mitigate increasing tidal flood risk 
in future. 

Hold the line: maintain 
through reinforcing existing 
defences 

Low cost measures to 
improve longevity of 
existing defences. 

No In this case this option is not significantly 
different from maintain through proactive 
maintenance. 

Hold the line: improve 
existing defences 

Measures to improve 
defence resilience, such as 
rock toe works, raising 
crest levels. 

Yes Allows for consideration of adaptation to sea 
level rise. This could involve raising the 
embankment crest height to improve 
resilience to increasing flood risk.  

Hold the line: improve 
through constructing new 
revetments or seawalls 

New shore parallel 
defences replacing or 
extending existing defences 

No Equivalent to “Improve Existing Defences” 
option, therefore not considered further. 

Managed realignment: 
construct defences once 
set back 

Construct new localised 
defences (walls or 
embankments) where 
justified and allow front 
line defences to naturally 
deteriorate. 

Yes There may be locations in the policy unit that 
could justify localised set back defences if the 
front line defences are realigned to give a 
more cost effective alignment of the 
defences and adapt to future sea level rise.  

Managed realignment: 
construct secondary 
embankments 

Construct new set back 
flood embankments. 

No Considered as part of either “Managed 
realignment: Construct defences once set 
back” or “Potential habitat creation sites” 
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Managed realignment: 
remove existing defences 

Removal of the existing 
defences and allowing 
natural processes to 
resume.  

No This would not manage risks to the road or 
other assets and unless undertaken as part 
of “Manage Realignment: construct defences 
set back” would not be in accordance with 
SMP Policy. 

Other considerations: 
potential habitat creation 
sites 

Consideration of creation 
of new intertidal habitat by 
constructing new 
secondary embankment 
and regulated tidal 
exchange. 

Yes There are opportunities to consider habitat 
creation along the frontage.  

2.7.2 11c9.3.2 - Development and appraisal of short listed options 
Do nothing (Option 1) 

This would not be in accordance with SMP policy but is required to be considered as a baseline against which other 
options can be appraised. Under this option all maintenance and management of the defences would cease and defences 
would be allowed to fail 

Technical The future lifespan of the existing defences would depend upon changes in exposure conditions due to 
migration of the low water channel. Should the channel start to infill or move away from the coast, there 
is potential for accretion of the fronting flats and recolonization of marsh. This would add protection to 
defences and effectively prolong their life. Conversely, should the channel continue to migrate onshore, 
the risk of undermining will remain and potentially increase.  

The existing defence details are limited, once the defences have failed the low lying land will be more 
susceptible to tidal inundation and regular flooding. The unmanaged failure of the defences would result 
in significant potential risk to scour at the railway viaduct due to increased tidal volumes and therefore 
greater flows on each tide. 

Environmental Should the defences fail, there are multiple isolated hamlets, residential properties and farmsteads which 
are at risk of damage from flooding. There may also be an increasing risk to human health as regular 
inundation of minor roads would increase isolation and response times of emergency services. An 
increasing frequency of flooding of the road network, including the A590 to the northern extent of the 
unit, would increase management costs and cause more widespread disruption to traffic, people and 
businesses, particularly as the A590 is a key road linkage into the Lake District National Park, as well as to 
South Lakeland and the Furness Peninsula. Impacts to this road may affect economic development of the 
region as well as tourism to the National Park. The flooding could also impact on the viability of the 
agricultural land which is currently defended, further impacting on the local and national economy. The 
option could also compromise the railway viaduct and result in loss of the rail link to west Cumbria as 
there would be no mitigation to increased scour risk at the viaduct under Do nothing. 

However, the failure of the defences may allow more natural processes to re-establish themselves within 
the frontage. This may provide the opportunity for the designated habitats and species to be enhanced, 
adding value to the Morecambe Bay designations. This option could alter the visual amenity of the 
frontage, part of which is designated under the Arnside and Silverdale AONB, and the Lake District 
National Park and WHS. There are unobstructed views to most of this frontage from the Kent Viaduct 
which is a part of a heritage railway, and so the impact of any changes on the landscape value should be 
considered. A Do nothing option may also have adverse impacts on the Witherslack Mosses SAC.  

Cost There are no costs associated with the Do nothing option.  

Damages Large tracts of agricultural land and mainly isolated properties and farmsteads. Risk of loss of or damage 
to railway viaduct. The damages are £85,600 k. 

Do minimum (Option 2) 

This is also considered as a baseline against which other options can be appraised. Under this option only reactive patch 
and repair maintenance would be undertaken, with no works to address any increase in risk due to sea level rise. There 
would be no capital works such as replacement or upgrade of defences once time expired. 
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Technical This would maintain the protection to current defences in the short term by repairing any damage on a 
reactive ad hoc approach. As there would be no capital works the option would not be sustainable into the 
long term, but could ensure the defences reach the end of their anticipated residual life, after which the 
situation would revert to Do nothing.  

Environmental Once the defences fail after the delayed timescale then impacts will be as described in option 1 

Cost There are no Present Value Capital Works, since works are restricted to patch and repair works only. The 
Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be £1,220 k. 

Damages Delay of onset of Do nothing damages in short term. As Do nothing in long term. The damages are 
£85,050 k. 

Hold the line: maintain through proactive maintenance (Option 3) 

This option assumes that the current defence management practices would be continued with a planned programme of 
regular inspections and necessary repairs undertaken in a proactive approach.  

Technical This would maintain the protection to current defences in the short to medium term with a planned 
programme of inspections and repairs to damage undertaken in a proactive approach. As there would be 
no capital works the option would also not be sustainable into the long term, but could add 10 to 20 years 
to the residual life of the defences, as with option 2. In the longer term the option would revert to Do 
nothing. As the work would be planned there would be less disruption in the short term. 

Environmental Once the defences fail in the long term after the delayed timescale then impacts will be as described in 
option 1.  

Cost The Present Value Capital Works are estimated to be 1,140 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £3,590 k. 

Benefits Delay of onset of Do nothing damages in short term. As Do nothing in long term. The benefits are 
£26,510 k compared to Do nothing option. 

Hold the line: improve existing defences (Option 4) 

This option assumes that the current defence alignment will be retained and that the defences will be upgraded through 
toe reinforcement, rock armouring and crest raising as necessary in future to adapt to future coastal change and sea level 
rise. This would not be in accordance with SMP policy but has been considered to compare to other options.  

Technical The existing defences would be upgraded in the future to adapt to ongoing coastal change and future sea 
level rise. This would include proactive maintenance as required under Option 3, but with the addition of 
crest raising or placing additional rock armour scour protection to manage risk to embankments from 
future channel migration. The future improvements would seek to mitigate sea level rise . It is assumed 
that a managed adaptive approach would be taken to climate change, so the larger defences would be 
implemented only when existing defences reach end of their service life and need replacing or the 
increasing flood frequency justifies intervention to manage the risk. 

Environmental Assets would be defended through the duration of the strategy. However, higher crest levels may result in 
altered visual amenity to the frontage, affecting both the residents’ views over the estuary and the setting 
of the WHS and National Park, as well as the AONB. Additionally, a higher crest may require a larger 
footprint of the defence, which may encroach on the Morecambe Bay designations. A Habitats Regulation 
Assessment would be necessary and is likely to require mitigation or compensatory provision of additional 
habitat. 

Cost The Present Value Capital Works are estimated to be £8,870 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £16,590 k. 

Benefits Avoid Do nothing damages over the strategy duration. Unlikely to be sufficient to justify intervention. The 
benefits are £79,180 k compared to Do nothing option. 
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Managed realignment: construct defences once set back (Option 5) 

This option assumes that set back defences would be required for local areas or to form cross banks so that areas could be 
left undefended or defences allowed to fail whilst providing protection to assets where justified. This accords with the 
SMP policy from the medium term.  

Technical In some locations the defences could be set back to high ground and in others a more sustainable 
alignment may be possible, reducing the costs of coastal defence. However, it is considered that large 
scale intervention for set back embankments would not be justifiable at present and would only be 
feasible if there were large increases in tidal flood risks in future due to climate change.  

Further analysis is required to confirm that failure of defences will not compromise the integrity of the 
A590. 

Environmental Impacts would be similar to Do nothing where assets are not set back. The option would be in accordance 
with the SMP policy. The change in risk of tidal flooding to environmental assets such as the Witherslack 
Mosses SAC and the need for Hold the line or set back defences would need careful consideration in a 
Habitats Regulations Assessment. Set back defences could alter the visual amenity of the frontage, part of 
which is designated under the Arnside and Silverdale AONB, and the Lake District National Park and WHS.  

Cost The Present Value Capital Works are estimated to be £70,190 k and the Present Value Total Cost with 
Optimism Bias (PV(OB)c) is estimated to be £112,990 k. 

Benefits Depends upon the scale of works which were not determined at this stage. 

Other considerations: potential habitat creation sites (Option 6) 

This option would need to be considered alongside Options 3 or 4 if impacts on the designated habitats of Morecambe 
Bay need to be mitigated or compensated for.  

Technical Habitat creation may be required to offset potential damage to the designated sites in Morecambe Bay 
due to direct losses resulting from coastal defence works. 

Environmental As described above, this option would only be considered in the medium or long term epoch alongside 
Hold the line options for the current defences, options 3 or 4 if required, to compensate for intertidal 
habitat losses. This option could provide an opportunity to deliver an overall net gain in intertidal habitat 
creation. 

There would be losses of current agricultural land use and depending on scale, changes in the landscape 
setting. A gain in intertidal habitat would result in the loss of non designated freshwater grazing marsh 
that would likely require replacement elsewhere  

Cost Depending upon the scale of works, the Present Value Capital Works are estimated to be between 
£2,500 k and £6,900 k and the Present Value Total Cost with Optimism Bias (PV(OB)c) is estimated to be 
between £4,230 k and £11,590 k. 

Benefits Depends upon the scale of works which were not determined at this stage. 

2.7.3 11c9.3.2 - Discussion 
Table 9 summaries the cost and benefit calculations for the various options presented above for the 
combined areas of 11c9.3.1 and 11c9.3.2. 

The overall BCR of 2.4 for Option 4 indicates that Hold the line is economically viable for 11c9.3 overall, 
and the analysis details in the economics report show it may be more justifiable for the west bank, 
11c9.3.2. However, although economically justified the BCR and numbers of properties at risk would be 
unlikely to attract funding for improvements at the present time. The A590 will need defences to 
continue to protect it during epochs 2 and 3, but that does not mean all front line defences within the 
policy unit should be Hold the line. However further analysis is required to confirm that other areas will 
not compromise the integrity of the A590 if they are allowed to decline naturally. Option 3, Hold the 
line: maintain through proactive maintenance, has the highest BCR and demonstrates that continuing to 
maintain the defences is economically worthwhile on an estuary wide basis.  The incremental BCR of 
Option 4 over Option 3 is only 1.5 and so it is unlikely that option 4, improvements to existing defences 
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would be justified in the short term. The maintenance of the defence in the short term will allow for a 
catchment-wide approach to be developed and also for funding to be sought, by extending defence life 
by 10 to 20 years. 

The environmental assessment of alternative options for the SEA report identified Option 4 and Option 
5 equally environmentally preferred in the long term, with positive impacts including minimising the risk 
of flooding to the community, assets and infrastructure, habitat creation, encouraging natural shoreline 
evolution, maintaining land use.  In the short term Option 3 is considered environmentally acceptable, 
meeting 3 of the SEA objectives with none negative and 5 neutral impacts. 

In the longer term, Option 4 (improve existing defences) could be the most cost effective solution for 
future management of increased flood risk due to sea level rise and could be combined with localised 
habitat creation through managed realignment of embankments (Option 6), but this would be unlikely 
to attract sufficient funding at the present time. As such, further investigation is required to assess wider 
estuary processes for realigning or abandoning sections of the policy unit defences in the longer term 
(beyond next 10 years) together with studies to investigate the viability of opportunities to set back the 
defence alignment for habitat creation or more cost effective solutions are needed. This would require 
numerical modelling of hydrodynamics and estuary processes that are beyond the scope of this strategic 
study. Confirmation of the extent of any Managed realignment areas, habitat gains and losses by type 
and preferred technical approach also need to be undertaken (Section 1.3).  

 
Table 11 policy unit 11c9.3 Summary of economics 

Option 
Present Value 
Capital Works 

£m 

Present 
Value 

Total cost 
(PVc)* £m 

PV Benefit 
(Damage 
Avoided) 

£m 

Average 
Benefit 

Cost 
Ratio 

Option 1 Do nothing 0.00 0.00 0.00 - 

Option 2 Do minimum 0.00 1.95 0.58 0.3 

Option 3 Hold the line: maintain through proactive maintenance 1.84 5.77 31.40 5.4 

Option 4 Hold the line: improve existing defences 20.33 36.37 87.12 2.4 

Option 5 Managed realignment: construct defences once set back 72.03 116.24 - - 

Option 6 Other considerations: potential habitat creation sites a 
b 

2.61 4.44 - - 

11.55 19.5 - - 

*Present Value cost (PVc) inclusive of 60% optimism bias 
 

 

2.7.4 11c9.3.2 - Strategic way forward 
Whilst the SMP2 vision for the long term was to return the estuary to a more natural state through 
managed realignment (construction of set back defences), studies to support this have not yet been 
undertaken. Any large scale realignment is likely to have consequences elsewhere within the estuary 
through affecting flows, water level and sediment distribution and there is a need for a whole estuary 
catchment approach to manage the flood risk.  

Therefore, the recommended strategic approach for this stretch of coast is to hold the line in the short 
term (next 10 years), whilst these further studies are undertaken and a long-term solution developed.  

In the short term Option 3, proactive maintenance of the existing defences, could be sufficient to allow 
further investigation to be undertaken, although greater understanding of the existing defences is 
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required to confirm the viability and duration of approach. The long term approach (beyond 10 years) is 
likely to involve a mixture of hold the line, through improving existing defences, and construction of set 
back defences to create habitat sites.  

Future activities include: 

• Inspection and maintenance of the existing structures, with repairs and remedial works 
undertaken as necessary.  

• Development of a management plan to indicate the need for advance planning of works 
(beyond next 10 years), including identification of possible funding sources. This should be 
developed through engagement and consultation with AONB Partnership, National Park and 
World Heritage Site and Natural England. 

• An estuary-wide scale geomorphological study looking at current and potential future gains and 
losses in marsh and flats. This would improve understanding of how the estuary is changing and 
help in the identification of sites where future managed realignment could be considered. It 
would also provide baseline data for future Habitat Regulations Assessments. Engagement with 
AONB Partnership, the National Trust and Natural England as part of such a study is 
recommended. 

• Review opportunities to reduce flood risk as part of the future highways scheme near Gilpin 
Bridge. 

• Further studies to fully understand the implications of realigning or abandoning sections of 
defences. This will need to involve engagement with Network Rail, due to potential impacts on 
Kent Viaduct.  

• Associated with this, additional studies to explore the potential for habitat creation, including: 

• Clarification of the objectives for undertaking a regulated tidal scheme. 

• More detailed desk top assessment of sites (e.g. lengths of footpaths with site, potential 
for contaminated land, impacts on existing assets, including UU infrastructure). 

• Full environmental assessment. 

• Preliminary design - quantifying the length of any new defences, number and positions 
of structures. 

• Hydrodynamic modelling to determine effects on flood risk and geomorphology as well 
as the likely inundation of the sites. 

• Costs and economics - quantifying the costs for the works and future maintenance 
versus existing management activities. 

Further details on actions and responsibilities are provided in the Action Plan.  
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3 Summary of proposed strategy: 11c9 
Preferred strategic approach: Maintain existing defences in short term – continue to manage 
risks to hinterland assets and communities, whilst seeking an alternative long term estuary-wide 
solution that can both continue to minimise risks (although not necessary along existing defence 
alignments) and deliver environmental benefits.  

 Next 10 years Beyond 10 years 

11c9.1 Kent viaduct to 
Dick Fell Road 
(Sandside) 

Hold the line through proactive 
maintenance of the existing 
defence, whilst additional 
investigations are undertaken.  

Long term approach will depend upon 
outcome of studies and availability of 
funding. Hold the line through 
improving existing flood defences, in 
combination with an RTE scheme is 
current preferred approach.  

11c9.2 Sandside (Dick Fell 
Road to Hollins 
Well Road) 

Hold the line through proactive 
maintenance of the existing 
defence, whilst additional 
investigations are undertaken.  

Long term approach will depend upon 
outcome of studies and availability of 
funding and more detailed economic 
assessment. Hold the line through 
improving or replacing existing 
defences, dependent on funding and 
satisfying further habitat assessments. 

11c9.3.1 Hollins Well Road 
north to Levens 
Bridge (east bank) 

Hold the line through proactive 
maintenance of the existing 
defence, whilst additional 
investigations are undertaken.  

Long term approach will depend upon 
outcome of studies and availability of 
funding. Hold the line through 
improving existing flood defences, in 
combination with habitat creation 
schemes is current preferred approach. 

11c9.3.2 Levens Bridge (east 
bank) & Levens 
Bridge to Kent 
viaduct (west bank) 

Hold the line through proactive 
maintenance of the existing 
defence, whilst additional 
investigations are undertaken.  

Long term approach will depend upon 
outcome of studies and availability of 
funding. Hold the line through 
improving existing flood defences, in 
combination with habitat creation 
schemes is current preferred approach. 

Key actions and activities (next 10 years): 

 

• Monitor condition of defences 
• Monitor marsh and intertidal change 

 

• Patch and repair any degradation/damage of defence assets if required 

 

• Management plan to indicate the need for advance planning of works (and funding sources) 
• Additional studies to explore the potential for habitat creation and impact of realigning or 

abandoning sections of defences 
• Estuary-wide scale geomorphological study looking at current and potential future gains and 

losses in marsh and flats 

 

• Review opportunities to reduce flood risk as part of the future highways scheme near Gilpin 
Bridge (11c9.3.2) 
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• Local inspections and silt management where justified at a number of locations for both inner 
and outer Kent to address fluvial flooding caused by tidal locking and blockage from saltmarsh 
accretion 

 

• Engagement with local land owners and community 
• Engagement with Natural England and AONB partnership 

 

• Investigate potential funding sources for longer term works 

 

• Consider potential for individual property resilience 

 

Further details on actions and responsibilities are provided in the Action Plan.  
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