North West Estuaries Processes Reports

Duddon Estuary

Prepared for

Sefton Council

December 2013

22 Lendal
York
YO1 8AA
GB
+44(0) 1904 559 900

COPYRIGHT 2013 HALCROW GROUP LTD

Metadata
Addressee

Sefton Council

Audience

Coastal/Environmental Engineers

Contributor(s)

CH2M HILL, Kenneth Pye Associates Ltd

Coverage

North West estuaries

Creator

Halcrow Group Ltd, a CH2M HILL Company

Date

December 2013

Description

Review of coastal processes knowledge and issues in Duddon Estuary

Format

Text

Identifier

V3.0 December 2013

Keyword

Estuary, Strategic, Coastal, Processes

Language

English

Location

Duddon Estuary

Mandate

CERMS Regional Monitoring Framework

Publisher

Sefton Council

Status

Final

Subject

Coastal and estuarine processes

Title

North West Estuaries Processes Reports – Duddon Estuary

Type

Text/report

Date of metadata
update

19 December 2013

COPYRIGHT 2013 HALCROW GROUP LTD

DUDDON_ESTUARY_PROCESSES_REPORT_FINAL.DOCX

I

Document History
North West Estuaries Processes Report
Duddon Estuary
Sefton Council

This document has been issued and amended as follows:

version
1.

Date
28/03/13

Description
1st internal draft

Created By
Emma
Allan,
Nigel
Pontee,
Ken Pye

Verified By

Approved By

A Parsons

N/A

2.0

30.08.13

Updated to full draft for client review

A Parsons

K Pye

A Parsons

3.0

19.12.13

Finalised following client comments
and internal review

A Parsons

K Pye

A Parsons

Halcrow Group Limited is a CH2M HILL company
Halcrow Group Limited has prepared this report in accordance with the instructions of client Sefton Council
for the client’s sole and specific use.
Any other persons who use any information contained herein do so at their own risk.

COPYRIGHT 2013 HALCROW GROUP LTD

DUDDON_ESTUARY_PROCESSES_REPORT_FINAL.DOCX

II

Contents
Metadata ..................................................................................................................................................... i
Document History ....................................................................................................................................... ii
Contents .................................................................................................................................................... iii
Glossary ...................................................................................................................................................... v
Executive summary ..................................................................................................................................... x
1

Introduction ................................................................................................................................... 1

2

Coastal Setting ................................................................................................................................ 2

3

Estuary Review ............................................................................................................................... 4
3.2
Coastal Processes ....................................................................................................................... 7
3.3
Past Changes............................................................................................................................. 11
3.4
Future Behaviour ...................................................................................................................... 12
3.5
Conceptual Model of Estuary Behaviour .................................................................................. 12
3.6
Coastal Defences and SMP Policies .......................................................................................... 16
3.7
Existing Monitoring Data .......................................................................................................... 19
3.8
Gaps in Understanding ............................................................................................................. 21

4

Discussion and Conclusions ........................................................................................................... 26

5

References .................................................................................................................................... 27

Appendix A: Coastal Defences in the Duddon Estuary ............................................................................... 30
Appendix B: Recommended further studies for the Duddon Estuary ......................................................... 39

Tables
Table 3.1 Tidal levels at the Duddon Bar secondary port site at the mouth of the Duddon Estuary. Chart
Datum conversions have been taken from St Bees Head to Earnse Point SMP (1998). Source: Admiralty Tide
Tables (2012) ........................................................................................................................................................7
Table 3.2 Existing monitoring data collected and value assessment ................................................................ 19
Table 3.3 Data gaps and recommendations ...................................................................................................... 24
Figures
Figure 1.1 Location of the Duddon Estuary. .........................................................................................................1
Figure 2.1 Overview of Cell 11 study area, showing SMP2 sub-cell frontages (source: Halcrow, 2010c) ...........2
Figure 2.2 The River Duddon catchment, showing the main urban areas and general extent of the intertidal
zone. Source: adapted from Ordnance Survey Open Data, after Pye & Blott (2013). .........................................3
Figure 3.1 Limits of the Duddon Estuary and SMP2 Policy Area 11a.16. .............................................................4
Figure 3.2 Nature conservation designations and reserves in and surrounding the Duddon Estuary. ...............6
Figure 3.3 Annual sediment transport vectors in the vicinity of the Duddon estuary (from Halcrow 2010c) .....8

COPYRIGHT 2013 HALCROW GROUP LTD
III

Figure 3.4 Residual sediment transport (m3/year/m) over the full Duddon model area for the existing
situation. (Source Halcrow 2010e) .......................................................................................................................9
Figure 3.5 Gravel-Sand-Mud and Sand-Silt-Clay trigons, based on the classification of Blott & Pye (2012), for
sediment samples collected within the Duddon Estuary in 2009-10 (data from Pye et al., 2010). .................. 10
Figure 3.6 A simple conceptual model for the Cell 11c area (source: Halcrow, 2010d) ................................... 13
Figure 3.7 Conceptual diagram showing the main sediment sources, geomorphological features and
engineering structures which influence the morphology of the Duddon estuary. ........................................... 15
Figure 3.8 SMP2 Policy maps for the Duddon Estuary (from Halcrow, 2010a). ................................................ 18
Figure 3.9 Summary of available monitoring data for the Duddon Estuary. The water level monitoring station,
operated by the EA, is located at Duddon Bridge. ............................................................................................ 20

IV
COPYRIGHT 2013 HALCROW GROUP LTD

Glossary
Term

Definition

Accretion

Accumulation of sediment due to the natural action of waves, currents and wind.

Advance the Line (ATL)

Advance the Line. A Shoreline Management Plan policy to build new defences on the
seaward side of the existing defence line to reclaim land.

AIMS

Asset Information Management System. National database being developed by
Environment Agency to replace NFCDD.

Bathymetry

The seabed elevation and depth of water in relation to it.

Coastal Change

Physical change to the shoreline, i.e. erosion, coastal landslip, permanent inundation
and coastal accretion.

CD

Chart Datum.

Clay

Sediment particles smaller than 0.002 mm.

Cell Eleven Regional Monitoring
Strategy (CERMS)

Regional Monitoring Strategy for the area known as Cell 11, which extends from
Llandudno to Solway Firth.

Cell Eleven Tide and Sediment Study
(CETaSS)

Regional sediment transport study for coastal Cell 11, undertaken in two main stages
to support the development and implementation of the second round shoreline
management plan (SMP2). The study included modelling of tides, waves and sediment
transport alongside desk based studies with a focus on issues and uncertainties
identified in the SMP1s and the initial scoping phase.

Coastal Erosion

A natural process that occurs as a result of waves, tides or currents – in other words,
the sea – striking the shore. Sediment or rocks are washed away (but can be a
sediment source for elsewhere), and our coastline changes shape as a result. This may
include cliff instability, where coastal processes result in landslides or rock falls.

Coastal Landsliding/Instability

Process that involves slope failure and mass movement of a coastal slope or cliff and
may result in deposition of debris on the beach and foreshore. Some landslides are
very large and extend a considerable distance inland, offshore and deep below beach
level and care must be taken to ensure their true extent is recognised. Cliff instability
and erosion is a four stage process involving detachment of particles or blocks of
material, transport of this material through the cliff system, its deposition on the
foreshore and its removal by wave and tidal action.

Coastal Narrowing (including Coastal
Squeeze)

The process whereby rising sea levels and other factors such as increased storminess
push the coastal habitats landwards. At the same time in areas where land claim or
coastal defence has created a static, artificial margin between land and sea or where
the land rises relative to the coastal plain, habitats become squeezed into a narrowing
zone. Manifestation of this process is most obvious along the seaward margins of
coastal habitats, especially salt marshes, when erosion takes place.

Coastal processes

A collective term covering the action of natural forces on the shoreline and nearshore
seabed. Includes such processes as wave action tidal flows and sediment transport.

D50

Median particle/ grain size in sediments; the 50th percentile size of a distribution.

EA

Environment Agency.
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Term

Definition

Ebb dominant

Stronger current on ebb tide than flood tide. Coarser sediments may be moved more
by ebb direction currents than flood. The balance of net sediment transport depends
on the relative strength and duration of ebb and flood currents.

Ebb-tide

The falling tide. Part of the tidal cycle between high water and the next low water.

Estuary

A semi-enclosed coastal body of water which has a free connection to the open sea and
where freshwater mixes with saltwater.

Fetch

Distance over which a wind acts to produce waves - also termed fetch length.

Flood and Coastal Erosion Risk
Management (FCERM)

Flood and coastal erosion risk management addresses the scientific and engineering
issues of rainfall, runoff, rivers and flood inundation, and coastal erosion, as well as the
human and socio-economic issues of planning, development and management.

Flood Defence Grant in Aid (FDGiA)

The mechanism by which most of the funding for flood and coastal defence works in
England is provided by the Government. The grants are used to cover our operating
costs and to fund capital projects.

Flood dominant

Stronger current on flood tide than ebb tide. Coarser sediments may be moved more
by flood direction currents than ebb. The balance of net sediment transport depends
on the relative strength and duration of ebb and flood currents.

Fluvial

Belonging to rivers streams or ponds. e.g. Fluvial flooding, fluvial plants.

Geomorphology/ Morphology

The form of the earth’s surface including the distribution of the land and water and the
processes responsible for their movement.

Hard structure of rock outcrop (Hard
point)

Man-made feature or natural rock outcrop which acts to locally limit the natural
movement of the shoreline e.g. sea wall, rock groyne.

HAT

Highest Astronomical Tide. See Tide Levels.

Headland

Hard feature (natural or artificial) forming local limit of longshore extent of a beach.

Hinterland

The area landward of flood or coastal defences.

Hold the Line (HTL)

Hold the Line. A Shoreline Management Plan policy to maintain or change the level of
protection provided by defences in their present location.

Holocene

An epoch of the Quaternary period, spanning the time from the end of the Pleistocene
(10,000 years ago) to the present.

Hydrographic Survey

A field survey carried out to map the sea bed features which affect maritime
navigation, marine construction, dredging, offshore oil exploration/drilling and related
disciplines.

Infrastructure

The basic facilities and equipment for the functioning of the country or area, such as
roads, rail lines, pipelines and power lines.

Intertidal zone

The zone between the high and low water marks.

LAT

Lowest Astronomical Tide. See Tide Levels.
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Term

Definition

LiDAR

Light Detection and Ranging – a method of measuring land elevations using a laser,
often from a light aeroplane.

Littoral transport (drift)

The movement of beach material in the littoral zone by waves and currents. Includes
movement parallel (longshore drift) and perpendicular (cross-shore transport) to the
shore.

LLFA

Lead Local Flood Authority. Responsible body for local flood risk management in
accordance with the Flood and Water Management Act (FWMA) (2010).

Managed Realignment (MR)

A Shoreline Management Plan policy that allows the shoreline position to move
backwards (or forwards) with management to control or limit movement.

MHWS

Mean High Water Springs. See Tide Levels.

MHWN

Mean High Water Neaps. See Tide Levels.

MLWN

Mean Low Water Neaps. See Tide Levels.

MLWS

Mean Low Water Springs. See Tide Levels.

MSL

Mean Sea Level. See Tide Levels.

Mud

A type of sediment containing more than 50% silt and clay size particles; may also
contain sand and/or gravel and be described as sandy mud, gravelly mud etc.

Mudflats

Expanses of mud which are periodically exposed at low tide, often found adjacent to
saltmarshes.

NFCDD

National Flood and Costal Defence Database. Database of flood defence assets
developed by EA. Now being superseded by AIMS.

NTL

Normal Tidal Limit. The point to which the tide reaches in an estuary, under normal
conditions i.e. in absence of storm surge and with typical river flow.

Neap tide

Tides over a 14 day period with lowest tidal range between high and low water.

No Active Intervention (NAI)

A Shoreline Management Plan policy that assumes that existing defences are no longer
maintained and will fail over time or undefended frontages will be allowed to evolve
naturally.

OD

Ordnance Datum - the standard reference level for Ordnance Survey maps throughout
the UK from which the height of the land is measured. Currently based on mean sea
level at Newlyn in Cornwall.

Partnership Funding

Funding contributions for flood and coastal erosion risk management from beyond
traditional flood and coastal erosion risk management budgets (e.g. Flood Defence
Grant in Aid (FDGiA); the grant by which government funds its share of the costs of
FCERM projects in England).

Policy Unit (PU)

Sections of coastline for which a certain coastal defence management policy has been
defined in the Shoreline Management Plan – see SMP.

Progradation

Seaward movement of the shoreline (mean high water mark) due to sediment
accumulation on a beach, dunes, delta etc.
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Term

Definition

Ramsar

Ramsar sites are wetlands of international importance, designated under the Ramsar
Convention of 1971.

Regression

A seaward movement of the shoreline due to a fall in sea level.

Risk

A combination of both the probability of an event occurring and the expected
consequences if it does occur.
In the case of coastal change adaptation planning, risk relates to the impact and
consequences of a hazard, which may be coastal erosion, coastal landsliding, coastal
accretion or coastal flooding resulting in regular or permanent inundation.

Risk Management Authorities

Organisations that have a key role in flood and coastal erosion risk management as
defined by the Flood and Water Management Act (2010). These are the Environment
Agency, lead local flood authorities, district councils where there is no unitary
authority, internal drainage boards, water companies, and highways authorities.

SAC

Special Area of Conservation. An area which has been given special protection under
the European Union’s Habitats Directive.

Sand

Sediment particles, often mainly of quartz, with a diameter of between 0.063mm and
2mm, generally classified as `fine', `medium', `coarse' or `very coarse'.

Saltmarshes

An ecosystem in the mid- to high intertidal zone which is vegetated by salt-tolerant
plants.

Sediment sink

An area in which transported sediment is deposited and accumulates over time.

Sediment source

An area from which sediment is derived and becomes available for transport to a
sediment sink.

Shoreline Management Plan (SMP)

A plan providing a large-scale assessment of the risk to people and to the developed,
historic and natural environment associated with coastal processes. SMP2 refers
specifically to the second generation SMP.

Silt

Sediment particles with a grain size between 0.002mm and 0.063mm, i.e. coarser than
clay particles but finer than sand.

SPA

Special Protection Area. An area of land, water or sea which has been identified as
being of international importance for the breeding, feeding, wintering or the migration
of rare and vulnerable species of birds found within the European Union.

Spring tide

Tides over a 14 day period with highest tidal range between high and low water.

SSSI

Site of Special Scientific Interest (SSSI) National conservation designation given to sites
of biological or geological interest in England, Wales and Scotland.

Storm surge

The local change in sea level associated with a change in atmospheric pressure and/ or
onshore winds. Surges may be either positive (higher than predicted astronomical sea
level) or negative (lower than predicted), and typically have a duration of a few hours
to a few days.
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Term

Definition

Strategy Plan

A long term documented plan for coastal management, including all necessary work to
meet defined flood or coastal defence objectives for the target area. It is designed to
provide the basis for decision making and action related to the provision and
management of flood or coastal defences. Strategy Plans develop the policies
recommended in SMPs by defining the preferred approach to shoreline management
requirements over a 100 year period.

Tidal range

Microtidal < 2m; Mesotidal 2m - 4m; Macrotidal >4m; Hypertidal > 8m.

Tide

The rise and fall of the sea caused by the gravitational pull of the moon and sun.

Tide levels

(1) High astronomical tide (HAT), lowest astronomical tide (LAT): the highest and
lowest tidal levels, respectively, which can be predicted to occur under average
meteorological conditions.
(2) Mean high water springs (MHWS): the height of mean high water springs is the
average throughout a year of the heights of two successive high waters during those
periods of 24 hours (approximately once a fortnight) when the range of the tide is
greatest.
(3) Mean low water springs (MLWS): the height of mean low water springs is the
average height obtained by the two successive low waters during the same periods.
(4) Mean high water neaps (MHWN): the height of mean high water neaps is the
average of the heights throughout the year of two successive high waters during those
periods of 24 hours (approximately once a fortnight) when the range of the tide is
least.
(5) Mean low water neaps (MLWN): the height of mean low water neaps is the average
height obtained by the two successive low waters during the same periods.
(6) Mean high water (MHW), mean low water (MLW): mean high/low water, as shown
on Ordnance Survey Maps, is defined as the arithmetic mean of the published values of
mean high/low water springs and mean high/low water neaps.

Tidal prism

Volume of water entering and leaving an estuary during each tide, i.e. the difference
between low water volume and high water volume.

Training walls

A wall typically constructed of rubble or masonry to constrain or guide the movement
of an intertidal or sub-tidal channel.

Transgression

A rise in mean sea level responsible for landward movement of the shoreline.

Turbidity maximum

Location of high concentration of suspended sediment in an estuary; associated with
fresh / seawater mixing with vertical and horizontal salinity gradient resulting in
residual vertical circulation and flocculation of suspended sediment. Location varies
during the tide and with variations in river flow.

Up-drift

Longshore drift is the movement of beach materials along the shore, if a location is
described as up-drift; it is located further up the sediment pathway (closer to the
sediment source) than an alternative area; the opposite of down-drift.

Wave Height

The vertical distance between a wave crest and the next trough.
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Executive summary
The Duddon Estuary can be considered to extend from a line between the northern end of Walney Island
and Haverigg Point to the normal tidal limit at Duddon Bridge. Most of the estuary lies within sub-cell 11c
although the northern shore west of Hodbarrow Point lies within sub-cell 11d. The entire estuary is of high
nature conservation importance and is designated as a SSSI, SAC, SPA and Ramsar site.
The River Duddon drains a large upland and largely rural catchment in the southwestern part of the Lake
District. The fresh water discharge is small compared to the tidal prism, mean and maximum monthly flows
being only 4.8m3/s and 122m3/s respectively. Salinity driven circulation therefore plays only a minor role in
the depositional processes, and fluvial supply of sediment is of relatively minor importance.
The estuary is macrotidal, with a mean spring tidal range of 7.6 m. Tidal currents are primarily responsible
for sediment transport throughout most of the estuary. The highest current velocities occur within the main
channel during the ebb tide, when the direction of tidal flow and river flow coincide. Flood tidal currents
enter the estuary mainly along its south-eastern side while ebb currents mainly follow the northwestern
side. There is a large ebb-tidal delta which limits the penetration of waves into the estuary from the Irish Sea
and provides a source of sand for aeolian transport into the dune systems at Kirksanton Haws, Haverigg
Haws, Sandscale Haws and North End Haws. However, when storms coincide with high spring tides there can
be significant wave activity in the estuary. Numerical modelling undertaken as part of CETaSS showed that
the influence of the estuary on tidal flow and sediment transport extends up to 5km offshore. Under
conditions of tide-only transport the estuary marginally exports sediment across its mouth whilst the inner
estuary behaves as a sediment sink. However, when tidal transport and wave-induced littoral transport are
considered together, the outer part of the Duddon Estuary also behaves as a sediment sink, with sediment
moving into the estuary from the north and south. The estuary is sand-dominated although there are areas
of sandy mud accumulation in the high intertidal zone around the fringes of the inner estuary and the upper
intertidal zone closer to the mouth contains mixtures of gravel and sand, reflecting the higher energy
environment.
The estuary occupies a broad structural depression which has been over-deepened by glacial action during
the Pleistocene and partially filled by deposition of glacial sediments and post-glacial marine sediments.
Mean sea level in the area reached around 1 m higher than present during the mid-Holocene before falling
slightly in response to isostatic recovery of the Cumbrian landmass. Former intertidal areas around the
fringes of the estuary now lie above the level of HAT and many were embanked and claimed for agriculture
from the 17th century onwards. Throughout the late Holocene the estuary has been supplied with reworked
glacial sediment from the eastern Irish Sea and by sand and gravel transported by littoral drift from the open
coast areas to the north and south. These processes continue, although at a reduced rate.
Morphological changes within the estuary over the last century have been dominated by changes in the
position of the low water channels, and to a lesser extent by temporal variations in wind/wave activity.
Historical maps suggest a general trend for saltmarsh erosion in the early 20th century, followed by
saltmarsh advance in the middle 20th century and a return to slow saltmarsh erosion in the last 25 years of
that century. Patterns of shoreline erosion and accretion have been significantly influenced by the
construction of artificial defences and infrastructure associated with the railways and local iron industries. In
the 19th and 20th centuries haematite mining was carried out on a large scale at Hodbarrow and Roanhead,
and ironworks were built at Millom and Askam. Dumping of slag and mining spoil resulted in the formation
of Askam Pier, locally reducing tidal flow velocities and wave energy, and leading to the development of
saltmarsh in its lee. The estuary channel up to Millom Pier was dredged between the early 20th century and
1968 when the iron works closed. The channels in the estuary are now largely free to migrate, and changes
in the distance between the low water channel and the shoreline have a major influence on shoreline
erosion / accretion trends.
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Modelling carried out as part of CETaSS study suggested that the estuary is likely to continue to import
sediment in the future under conditions of sea level rise, extreme tidal surge and possible managed
realignment. The morphological response of the estuary to sea level rise is unlikely to be sediment limited.
Sediment stored in the dune complexes around the estuary mouth could be eroded and partly reworked
further into the estuary.
The Duddon estuary has relatively low flood and erosion risks to properties and land, partly due to the
relatively high land elevations around the estuary margins and partly due to the small number of properties
and industrial installations within the flood risk zone. The SMP2 noted that there are a number of
opportunities to allow parts of the estuary seaward of the railway line to return to a more natural shoreline,
creating space for future expansion of the intertidal flats and saltmarshes which are internationally
important. The long term plan proposed in the SMP2 is to seek to realign or withdraw from defending
frontages where opportunities exist, but to continue to manage flood and erosion risk to infrastructure and
property where it is economically and environmentally viable.
The outer estuary and adjoining open coastal frontages are relatively well covered by topographic and
bathymetric monitoring survey lines, but there is very limited coverage in the mid and inner estuary. A
number of partial LiDAR surveys have been carried out, most recently in 2013, but no comprehensive or
contemporaneous bathymetric data sets have been obtained for the sub-tidal areas. The Barrow tide gauge
provides data relevant to the Duddon and there is an EA gauge at Duddon Bridge, but it is located just
upstream of the normal tidal limit. The recent deployment of a wave buoy off near Barrow provides useful
information, but no measured wave or current data are available for locations within the estuary, making
model calibration and validation difficult. Intertidal sediment samples were collected from selected
topographic profile lines in 2009-10 as part of CERMS but the lower intertidal and sub-tidal zones were not
sampled.
It is recommended that a bathymetric swath survey of the estuary should be undertaken to allow a
composite DEM to be constructed using the 2013 LIDAR, and that gaps in sediment sampling coverage
should be filled as part of a wider region-wide study to provide a better understanding of sediment transport
pathways . Before any large-scale managed realignment is undertaken, further studies will be required to
assess the effects on water levels, currents and sediment transport patterns within the estuary under both
present and possible future conditions and allow assessment of associated impacts on the environmental
sites,.
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1

Introduction

This report summarises the existing understanding of the Duddon Estuary (Figure 1.1). It draws on
information from the second round Shoreline Management Plan (SMP2), the Cell Eleven Tidal and Sediment
Transport Study (CETaSS) and other more recent studies. It provides a summary of:


The physical processes and evolution of the estuary;



The SMP policies for the estuary;



The existing monitoring data;



Gaps in understanding; and



Recommendations for further monitoring, additional studies and review of flood risk ratings and SMP
policies.

This report forms one of a series of similar reports for the major estuaries on the coast of North West
England.

Figure 1.1 Location of the Duddon Estuary.
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2

Coastal Setting

The Duddon Estuary is a large estuary located on the coast of southern Cumbria. It lies within Sub-cell 11c of
the SMP2, which extends from Rossall Point, Fleetwood to Hodbarrow Point on the west side of the Duddon
estuary, see Figure 2.1.

Duddon Estuary

Figure 2.1 Overview of Cell 11 study area, showing SMP2 sub-cell frontages (source: Halcrow, 2010c)

The River Duddon drains a large upland and largely rural catchment in the southwestern part of the Lake
District (Figure 2.2
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Figure 2.2 The River Duddon catchment, showing the main urban areas and general extent of the intertidal zone. Source:
adapted from Ordnance Survey Open Data, after Pye & Blott (2013).
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3

Estuary Review

3.1 Description
The Duddon Estuary is bordered by the Cumbrian open coast to the north and Walney Island to the south.
The estuary can be considered to extend from its mouth, defined by a line between the northern end of
Walney Island and Haverigg Point to the normal tidal limit at Duddon Bridge (Halcrow, 2010d), (Figure 3.1).

Figure 3.1 Limits of the Duddon Estuary and SMP2 Policy Area 11a.16.

The Duddon Estuary is wide relative to its tidal length and is bounded by reclaimed marshland and raised
shore platforms (Halcrow, 2010b).
4
COPYRIGHT 2013 HALCROW GROUP LTD

The Duddon Valley may have formed during the Tertiary period and then been modified, particularly during
the last glaciation, with the modern river system developing since retreat of the last ice sheet (Yasin, 1991).
The Duddon Estuary is aligned parallel to a major fault, which indicates a structural origin to the lower
Duddon valley (Fahy et al., 1993). Limestone crops out around the mouth, at Dunnerholme and Hodbarrow
Point. Much of the estuary is underlain by sandstones, siltstones and shales of the Windermere Supergroup
(Late Ordovician to Silurian age). The solid geology of the area is overlain by thick Quaternary deposits. The
deposits include sands and gravels sandwiched between two more clayey glacial till deposits. Postglacial
marine deposits, consisting of greyish or greyish brown silts which grade upwards into peat, occur around
the margins of the estuary. Raised sand and mixed sand/ gravel beach deposits occur on Sandscale Haws and
Walney Island, providing evidence for former higher relative sea level in southern Cumbria earlier during the
Holocene (Rose & Dunham, 1977; Yasin, 1991; Halcrow, 2010d).
The subtidal area is characterised by a complex of channels that coalesce north of Millom to form the main
low water channel. These channels and banks are continually changing in position, and this can influence
water depths, local shoreline exposure and thereby evolution of the shoreline (Halcrow, 2010b).
Most of the Duddon Estuary comprises extensive intertidal sandflats with only a narrow channel of water
remaining at low tide. The intertidal flats consist of fine to very-fine-grained sand with little exposure of hard
substrates (English Nature, 1997), although relict shingle and boulder scars are present (Yasin, 1991). The
banks of the estuary are characterised by extensive areas of saltmarsh, with active and reclaimed
saltmarshes accounting for almost half of the area of the estuary (Yasin, 1991). There is also a low till cliff at
Askam-in-Furness which fronts a wave cut platform. Dune systems are also present at the mouth of the
estuary: Haverigg Haws on the northern shore and Sandscale Haws on the southern shore, together with
North End Haws at the northeastern tip of Walney Island. There is also a stretch of linear dune ridges to the
north of Askam-in-Furness which overlie reclaimed saltmarsh (Halcrow, 2010b).
The whole of the estuary is of national and international conservation importance and is designated as a
SSSI, SPA and Ramsar Site and forms part of the Morecambe Bay SAC (Figure 3.2).
The shoreline management plan (SMP2) (Halcrow, 2010a) estimated that there would be about 800
residential properties, along with around 1,200ha of agricultural land, at risk in the long term for a No Active
Intervention (Do Nothing) approach to flood and erosion risk management. Compared to the other North
West estuaries, the number of properties at risk around the Duddon Estuary ranks 6th amongst the 9 NW
estuaries considered (CH2M HILL, 2013).
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Figure 3.2 Nature conservation designations and reserves in and surrounding the Duddon Estuary.

6
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3.2 Coastal Processes
The Duddon estuary is a macro-tidal, shallow estuary, with a mean tidal range of 6.5m and a maximum
spring tidal range of 10.4m (Halcrow, 2010c). Principal tidal levels at Duddon Bar, based on Admiralty Tide
Tables, are shown in Table 3.1.
Table 3.1 Tidal levels at the Duddon Bar secondary port site at the mouth of the Duddon Estuary. Chart Datum
conversions have been taken from St Bees Head to Earnse Point SMP (1998). Source: Admiralty Tide Tables (2012)
Duddon Bar

LAT
nd

MLWS
-3.45

MLWN
-1.75

MSL
nd

MHWN
2.25

MHWS
4.15

HAT
5.15

The estuary shows spatial separation of flood and ebb-dominant currents, with the main flood current
entering the estuary along its southern margin and the main ebb current leaving the estuary along its
northern margin (Halcrow, 2010b).
The fresh water discharge is small compared to the tidal prism, therefore salinity driven circulation plays only
a minor role in the depositional processes (Yasin, 1991). The mean and maximum monthly flows are 4.8m3/s
and 122m3/s respectively (Halcrow, 2010g). Due to its orientation and form, the south-eastern side of the
estuary faces westerly and northwesterly waves approaching from the Irish Sea. Under normal conditions,
the shallow nature of the estuary means that the wave energy is reduced, but when storms coincide with
spring tides there can be significant wave activity in the estuary. On the western side of the estuary, waves
are mainly internally generated and wave action is not very strong, although southwesterly waves from the
Irish Sea can impact on the shore. During normal conditions, tidal currents are primarily responsible for
sediment transport throughout most of the estuary. The highest current velocities occur within the main
channel during the ebb tide, when the direction of tidal flow and river flow coincide. These currents cause
scour of the mobile sediments with sediment cliffs of up to 1.5m observed in the upper estuary along the
main Duddon Channel; the eroded sediments are mainly transported downstream (Fahy et al., 1993).
The River Duddon flows into the estuary, together with other small creeks and streams. Today the Duddon
does not contribute significantly to the modern estuarine sediment budget, although in the past it may have
contributed a greater amount of fine sediments (Yasin, 1991). The main source of sand for the Duddon
Estuary is therefore the Irish Sea bed and erosion of beaches and cliffs along the open coast (Halcrow,
2010b).
The Duddon Estuary has an ebb-tide delta, extending between Kirkstanton Haws in the north and Walney
Island in the south, which dissipates wave energy and affords some protection to the shorelines on either
side of the mouth. The delta also provides a source of sand for aeolian transport into the dune systems. Any
changes in the size of this delta will therefore affect future shoreline evolution along these stretches
(Halcrow, 2010b).
Annual average littoral and subtidal potential sediment transport vectors for the coastal area including the
Duddon, Walney and Morecambe Bay, indicated by regional numerical modelling for the whole of Cell 11
undertaken as part of the Cell Eleven Tidal and Sediment Transport Study (CETaSS) (Halcrow, 2010c), are
shown in Figure 3.3.
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Duddon Estuary

Figure 3.3 Annual sediment transport vectors in the vicinity of the Duddon estuary (from Halcrow 2010c)

In addition to the regional modelling, more detailed modelling of the Duddon was also carried out as part of
the CETaSS, (Halcrow, 2010e). This showed that the estuary appears to influence the tidal flow and sediment
transport patterns as far as 5km offshore. The results from the tide only transport showed that the estuary
marginally exports sediment across its mouth whilst the inner estuary behaves as a sediment sink (Figure
3.4). However, considering the subtidal transport and the littoral transport together shows that the outer
part of the Duddon Estuary behaves as a sediment sink. The detailed modelling also showed that extreme
fluvial flow results in a net potential export of sediment from the estuary (Halcrow, 2010e).
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Figure 3.4 Residual sediment transport (m3/year/m) over the full Duddon model area for the existing situation. (Source
Halcrow 2010e)

The Duddon is a sand-dominated estuary although there are areas of sandy mud accumulation in the high
intertidal zone around the fringes of the inner estuary and the upper intertidal zone closer to the mouth
contains mixtures of gravel and sand, reflecting the higher energy environment. A survey carried out as part
of CERMS in 2009-10 showed a wide range of sediment textural types ranging from gravel to silty sand and
sandy silt. Only a very small number of samples (from the saltmarshes in the inner estuary) were found to
contain more than 10% clay (Pye et al., 2010; Figure 3.5).
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Figure 3.5 Gravel-Sand-Mud and Sand-Silt-Clay trigons, based on the classification of Blott & Pye (2012), for sediment samples collected within the Duddon Estuary in 200910 (data from Pye et al., 2010).
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3.3 Past Changes
The modern day morphology of the Duddon has formed as a result of rises and falls in relative sea level over
time. It has been estimated that the oldest saltmarsh deposits1 date from around 7,000 to 5,000 years
before present (Gresswell, 1958). It has been reported that the ‘Little Ice-Age’ in the 17th century led to the
erosion of saltmarshes around the Duddon (Phillips and Rollinson, 1971). Yasin (1991) proposed that the
Sandscale Haws dune field is likely to post date the Little Ice age. Several dune ridges to the north of Askamin-Furness lie in front of the railway line, suggesting they were formed after the 1840s (Halcrow, 2010b).
Between 1897 and the present day the outer shorelines of the estuary have remained relatively stable,
although there has been accretion of the Haverigg Spit and associated sand banks, both at the estuary
mouth and within the estuary. The main areas of erosion in the outer estuary have been associated with
changes in the low water channel configuration, with migration towards the southern and eastern flanks of
the estuary (Fahy et al., 1993; Halcrow, 2010b).
Changes within the estuary over the last century have also been dominated by changes in the position of the
low water channel. There also appears to have been a general trend for an increase in the number and
complexity of channels throughout the estuary (Fahy et al., 1993), which may be indicative of increasing bed
levels.
Yasin (1991) determined that there was a general trend for erosion and retreat of the saltmarshes in the
early 20th century, followed by saltmarsh advance in the middle 20th century. Close to Millom Marsh the
channel moved northwards, but in the south it migrated close to Askam- in-Furness, with resultant erosion
of the sandflats (Fahy et al., 1993). The accretion of the saltmarshes along the western shore, especially
Millom Marsh, has been marked by substantial lateral expansion. Yasin (1991) suggested that there is
evidence of a current trend for saltmarsh retreat and Fahy et al. (1993) also suggested that since around
1905 there has been some retreat of saltmarsh edges within the Duddon (Halcrow, 2010c). Yasin (1991)
found the highest rates of marsh edge erosion during winter months when there is increased windiness and
wave activity coupled with spring tides. Vertical accretion rates on high marshes have decreased over the
last 5,000 years as they have risen in the tidal frame and relative regional sea level has fallen (Halcrow,
2010b).
Man has directly influenced the estuary morphological evolution through reclamation of saltmarsh areas and
the construction of sea defences. A railway line, and associated embankment, run along the eastern shore of
the estuary, and represent a constraint on the shoreline position. Phillips and Rollinson (1971) reported that
extensive defences were present by 1546. Yasin (1991) suggested that the inner estuary had been totally
reclaimed by the 16th century. Fahy et al. (1993) estimated this reclamation to have removed some 1,500 ha
of the intertidal area. These modifications will have reduced the tidal prism and potentially increased
accretion within the estuary (Halcrow, 2010b).
There was extensive mining of haematite in the 19th and 20th centuries on both sides of the estuary at
Hodbarrow and Roanhead. Ironworks were also present at Millom and Askam. These works were associated
with the construction of further defences, the most extensive of which is at Hodbarrow (Halcrow, 2010c).
The historical dumping of slag and spoil deposits resulted in the feature known as Askam Pier. This acts as a
constraint on the channel position and has also led to the development of saltmarsh in its sheltered lee
(Futurecoast, 2002; Halcrow, 2010c). The estuary channel up to Millom Pier was last dredged in association
with extraction of iron ore which ceased in 1968 (Fahy et al., 1993). There has been little land claim within
the estuary since 1900 (Halcrow, 2010b).

1 These are not active saltmarsh deposits today - they lie well above HAT; the active saltmarshes at lower levels in some places may overlie older
sediments including marsh deposits and peat
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3.4 Future Behaviour
There appears to be contrary evidence of whether the estuary is accreting or eroding:


Yasin (1991) proposed that the estuary had reached its capacity and was in an erosional regime;



Futurecoast (Halcrow, 2002) suggested that the estuary has further capacity for infilling and was flooddominant;



SMP1 (Bullen Consultants, 1998) suggested that the Duddon Estuary is generally filling with sediment
from offshore, supplemented by smaller quantities originating from Walney Island (Halcrow, 2010c).



Fahy et al. (1993) suggested that the sediment budget of the estuary was either positive or approaching
dynamic equilibrium.

More recent modelling investigations carried out in the CETaSS study (Halcrow, 2010e) show that estuary
has a positive sediment budget when both littoral and tidal transport are considered (see Section 3.2). This
pattern was predicted to continue under conditions of sea level rise, extreme tidal surge and with the
introduction of managed realignments.
The results showed that with sea level rise there are no changes to the overall sediment transport patterns,
although the magnitudes of sediment transport are increased throughout the estuary. The outer estuary is
still predicted to export sediment for tide-only transport and the inner estuary is predicted to be flood
dominated, but both at a higher rate. The results suggest that the inner estuary will continue to function as a
sediment sink due to tidal sediment transport. The littoral transport modelling suggests that the import of
sediment towards the mouth will counteract the loss of sediment exported through tide only transport. It
was concluded that, with sea level rise, overall the estuary will slowly fill with sediment (Halcrow, 2010e).
Halcrow (2010d) concluded that the morphological response of the estuary to sea level rise is unlikely to be
sediment limited). Sediment stored in the dune complexes at North Walney, Sandscale Haws and Haverigg
Haws could also be eroded and partly reworked further into the estuary. Additionally, there is considerable
potential for the supply of further sediment to the Duddon as a result of soft cliff erosion, notably on the
coast to the north, and further growth of the sand - gravel barrier spit systems at the estuary mouth could
occur if there is a significant acceleration in cliff erosion rates (Halcrow, 2010e). Halcrow (2010b) noted that
higher sea levels in the future would also mean that some of the high marshes in the inner estuary would
enter the tidal frame again.

3.5 Conceptual Model of Estuary Behaviour
A conceptual model for the Cell 11c area, showing sediment transport pathways, control features and
sediment sources and stores is provided in Figure 3.6. A more detailed diagram has been developed for the
Duddon estuary in Figure 3.7.
The estuary occupies a broad structurally controlled depression which has been over-deepened by glacial
action during the Pleistocene and then partially filled by deposition of glacial sediments and Holocene
marine sediments. Mean sea level in the area probably reached a maximum 1 m higher than present during
the mid Holocene before falling slightly in response to isostatic recovery of the Cumbrian landmass. The
higher intertidal areas around the fringes of the estuary were embanked and claimed for agriculture from
the 17th century onwards, but reclamation has been on a smaller scale than in the Morecambe Bay estuaries
and a large active intertidal area remains.
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Figure 3.6 A simple conceptual model for the Cell 11c area (source: Halcrow, 2010d)
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During the mid to late Holocene the estuary has been partially infilled by the import of reworked glacial
sediment from the eastern Irish Sea, and by sand transported by littoral drift from open coast areas to the
north and south. These processes continue at the present day, although at a reduced rate.
The main low water channel of the River Duddon is largely unconfined below the Duddon viaduct, and since
the end of iron ore mining and smelting in the Millom area, no dredging has taken place. Consequently the
channels in the estuary are highly dynamic, changing rapidly in position and size. Distance between the low
water channel and the shoreline has a major influence on local wave energy and on shoreline erosion /
accretion trends.
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Figure 3.7 Conceptual diagram showing the main sediment sources, geomorphological features and engineering
structures which influence the morphology of the Duddon estuary.
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3.6 Coastal Defences and SMP Policies
A list of the coastal defences in the Duddon Estuary from the SMP2 (Halcrow, 2010b) is provided in Appendix
A.
The SMP2 notes that there are a number of substantial opportunities to allow parts of the estuary seaward
of the railway line to return to being a more natural shoreline, allowing future expansion of the intertidal
flats and saltmarshes which are internationally important. Even larger areas of habitat creation would be
possible if the railway was no longer operational. The long term plan set out by the SMP2 is therefore to
seek to realign or withdraw from defending frontages where opportunities exist, but continuing to manage
flood and erosion risk to infrastructure and property where it is economically and environmentally viable.
This estuary wide approach to managing flood and erosion risks meets the majority of objectives for the
natural, built and historic environment and included investigations to ensure that future policies maintain
the stability of the estuary as a whole (Halcrow, 2010a).
Due to uncertainties over impacts of the proposed changes to defence policy in future the SMP2 Action Plan
has proposed additional studies and investigations.
The adopted SMP2 policies are shown on the maps in Figure 3.8.
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Figure 3.8 SMP2 Policy maps for the Duddon Estuary (from Halcrow, 2010a).
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3.7 Existing Monitoring Data
Details of the monitoring data being collected for the Duddon Estuary, and an assessment of the value that
this data brings, are summarised in Table 3.2. The map in Figure 3.9 shows the location of data collection
stations and beach profiles that are stored within the SANDS coastal monitoring database system used by a
number of Local Authorities within the Cell 11 region.
No recent bathymetric surveys of the middle and inner Duddon estuary have been undertaken, although a
number of single beam echo sounder profiles were surveyed in 2010. A CERMS-commissioned LiDAR survey
of the whole estuary was flown at low tide in early 2013.
Table 3.2 Existing monitoring data collected and value assessment
Description of monitoring data collected

Assessment of value of data collection

Beach profile data. Beach profiles cover the east Beach monitoring ensures that coastal
and west banks towards the middle/upper
managers have an understanding of the
Duddon Estuary (Figure 3.9).
changes occurring on the coastline and can take
pro-active rather than re-active approaches to
management.
Sediment samples collected and analysed in
2010.
Sediment monitoring allows changes in beach
composition to be identified, sediment
transport pathways to be defined, and input
data for numerical modelling

Source of information /
reference to further
information
CERMS Update Report, Section
2.4.3 (Halcrow, 2010f).
Annual Local Monitoring
Report 2011 (CBC, 2012).
Barrow Borough Local Coastal
Processes Report 2010/2011
(Capita Symonds, 2011).
Report by Pye et al (2010)

Hydrographic surveys (MLWN to 3km offshore)
undertaken in 2010/2011. In 2010 six
hydrographic lines were scanned using a swath
scanner across the mouth of the Duddon
Estuary.

Inter-tidal profiles help to inform beach
CERMS Update Report, Section
monitoring, bringing an understanding of cross- 2.3.7 (Halcrow, 2010f).
shore processes and sediment movement.
Annual Local Monitoring
Report 2011 (CBC, 2012).

Tide gauge 1 (Duddon Bridge), located near to
the head of the estuary.

Above normal tidal limit, so only picks up
exceptional tides, normally monitors river
levels. Useful for monitoring long-term trends
and storm surge heights related to real time
flood risk

Owned/maintained by Environment Agency
NW.
Captures pressure - above NTL, gauge records
high water levels only.

Bathymetric Survey Report
(Halcrow, 2011).
CERMS Tide Gauge Review
(Halcrow, 2010g).

Analogue / hard copy data is available from
05/02/1981 07/05/1993. Digital data is
available from 07/05/1993 to 30/03/2009. Near
real time data available on EA website.
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Figure 3.9 Summary of available monitoring data for the Duddon Estuary. The water level monitoring station, operated
by the EA, is located at Duddon Bridge.

20
COPYRIGHT 2013 HALCROW GROUP LTD

3.8 Gaps in Understanding
In Cell 11 a number of previous reports have identified gaps in understanding, including issues and
uncertainties related to coastal and estuarine processes and shoreline management. Some of the
uncertainties identified in the earlier studies (e.g. SMP1, Futurecoast) were subsequently addressed by the
later studies (e.g. CETaSS, SMP2, CERMS; EA, 2011). The CERMS regional baseline understanding report
(Halcrow, 2010b) provided a full listing of previous uncertainties in the Cell 11 area.
For the present report we have reviewed the list of uncertainties previously identified for the Duddon
Estuary and have identified the most important areas where future studies/monitoring are required (Table
3.3). We have organised these by thematic areas:


Flood and coastal defences



Habitat losses and creation



Coastal and estuary morphodynamics



Data collection

We have noted where these actions might be best undertaken by the CERMS group or by other parties.
The outer estuary and adjoining open coastal frontages are relatively well covered by topographic and
bathymetric survey lines, but there is limited or no coverage in parts of the mid and inner estuary. New
LiDAR coverage of the Duddon were obtained early in 2013 but the data have not yet been made available
for examination. No survey data appear to have been obtained for the subtidal channel areas - this should be
seen as a priority to be near-contemporaneous with the LIDAR and to allow a synoptic composite DEM to be
constructed.
The Barrow tide gauge provides data relevant to the Duddon and a recent wave deployment near Barrow
provides useful offshore wave information. However, no wave data are available for the estuary itself,
making model calibration difficult.
Sediment samples were collected as part of the 2009-10 CERMS programme from the intertidal zone along
topographic survey lines; however there are gaps where no topographic survey lines exist, and the lower
intertidal and sub-tidal zones have not been sampled.
The generic gaps and recommendations considered in the accompanying overall report for the NW estuaries
(CH2M Hill, 2013) should also be considered alongside those described below.
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Table 3.3 Data gaps and recommendations
Issue
Flood and coastal defences

Location
Whole estuary

Defence condition, ownership
condition and maintenance
data require review.

Comments
The defence data in Appendix A is taken from the
SMP2 and based on a range of sources.

Recommendations
1. Update defence database to have a consistent data set prior to
the next SMP review. Also needed to inform consultations with
stakeholders regarding withdrawal from maintenance and
adaptation in the upper estuary. Continue to monitor and
manage defences on HTL frontages. (See item 1 in Appendix B).
Urgency – low
Importance – medium
Difficulty – low
Overall Priority - low

Flood and coastal defences

Policy Unit 11c 16.8

Management of defences and
delivery of SMP2 policies.

Both banks upstream of
Viaduct and right bank
south to Green Rd
Station.

SMP2 recommends studies and consultation to
investigate opportunities to withdraw from existing
defences in line with longer tern NAI policy and realign
to higher land or set back defences to achieve a more
affordable approach to defences, including assessment
of options for managing risks to A595 and to the
railway.

2. The studies and investigations will need to be supported by a
coastal process and modelling study, using a suitable evidence
base of data giving consideration of impacts of options for longer
term adaptation on flood risks and morphological change in the
wider estuary. (See item 2 in Appendix B).
Urgency – medium
Importance – medium
Difficulty – high
Overall Priority - medium

Habitat losses and creation

11c 16.9

Management of defences and
delivery of SMP2 policies. viability of managed
realignment

Millom Marshes

SMP2 recommends studies and consultation to
investigate opportunities to assess opportunities for
managed realignment policy in the medium / long
term, including investigations of risks to archaeology,
impacts of large scale realignment on the overall
estuary and risks to the railway

3. Consider the issues and investigations highlighted within a
coastal process study for the overall estuary. (See item 2 in
Appendix B).
Urgency – medium
Importance – medium
Difficulty – high
Overall Priority - medium

Coastal and estuary
morphodynamics
Uncertainty over the future
sediment supply to the estuary,
response to climate change and

Estuary and adjacent
coast

Although the CETaSS work identified sediment
transport pathways, and undertook some modelling of
the Duddon it did not quantify the availability of
sediment or transport rates. Furthermore it did not
investigate feasibility of the proposed realignments
and withdrawal from defences in detail. Need to
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4. Undertake sediment sampling to gather and analyse baseline
data. Analysis to include mineralogical and chemical fingerprinting
The new data will allow analysis to identify / confirm the
sediment source – sink linkages and inform future predictions of
response to sea level rise and FCERM management changes. (see
item 5 in Appendix B)
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Issue

Location

impacts of proposed large scale
management policy changes.

Comments
gather additional information for calibration of the
model including suspended sediment under selected
events and distribution of bed sediment sizes

Recommendations
5. This sediment study should be undertaken in combination with
a wider analysis of sediment data from Liverpool Bay.
Urgency – medium
Importance – medium
Difficulty – medium
Overall Priority - medium

Coastal and estuary
morphodynamics

Whole estuary below
MSL and adjacent coast.

Uncertainty over future
evolution of banks and
channels. Bathymetry at the
mouth may be important for
hydrodynamics and impacts
water levels in the estuary and
thus flood risk.
Data collection
Tide, current and wave data

Whole estuary

A new LiDAR survey was flown in early 2013. In order
to develop a full bathymetry grid for modelling the
estuary the low water channels needed to be surveyed
concurrently, preferably with a multi-beam swath
bathymetry survey. As this was not done at the time it
is recommended to be done as soon as possible
afterwards with sufficient overlap to create a full high
resolution digital terrain model.

6. Undertake detailed swath bathymetric surveys as soon as
possible to overlap with the recent LiDAR surveys of the intertidal
areas. (See item 3 in Appendix B)

The further studies recommended in the SMP2 to
develop a long term strategy will require new
modelling.

7. Undertake tide, current, wave and suspended sediment data
collection. (See item 4 in Appendix B)

There was little or no data available for calibration of
the 2D model developed within CETASS. For credible
results for consultation with stakeholders the model
needs to be calibrated.

Urgency – high
Importance – high
Difficulty – medium

Urgency – high
Importance – medium
Difficulty – medium
Overall Priority - high

Overall Priority - high

The data from the existing EA gauge needs to be
obtained and reviewed.
Tidal current data is needed for model calibration and
should be obtained for at least one location,
preferably two for use in calibrating and verifying the
hydrodynamic model. Wave data could also be
obtained at the same time.
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Discussion and Conclusions

Within the context of flood and coastal erosion risk management across the Cell 11, the Duddon
estuary has relatively low flood and erosion risks to properties and land. It is ranked 6th out of the 9
estuaries reviewed within this study in terms of numbers of properties at risk. The SMP2 generally
recommends moving to a policy of managed realignment of defences or to high ground as a more
sustainable and affordable policy in the long term.
The Duddon has been studied less than many of the other estuaries in Cell 11 and this probably
reflects the relatively lower risks. However, there are potential implications of the policy changes on
the wider estuary and the important environmental habitats. A number of studies were therefore
recommended in the SMP2 Action Plan in order to consider options for policy delivery, assess
potential impacts and develop a long term strategy. These studies and strategy development will
need to be supported by good quality data and analysis and modelling to firstly confirm the
conceptual understanding of processes and secondly to assess impacts of options and future sea
level rise on the estuary.
A number of additional studies are recommended to address the gaps in understanding identified in
Section 3 of this report and thus help to deliver the recommendations in the SMP2 Action Plan.
Details of the issue/ uncertainty, the source, nature and purpose of recommended studies, including
their priority, are presented in Table 3.3. Further details on specific recommendations regarding
monitoring, data collection and coastal / estuary processes are given in Appendix B. These
recommendations should also be considered alongside the generic recommendations made in the
overview report (CH2M Hill, 2013).
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Appendix A Coastal Defences in the Duddon
Estuary
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Appendix A: Coastal Defences in the Duddon Estuary
This data has been sourced from the SMP2 (Halcrow, 2010b).
Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Lowsy Point

Unknown

Rock revetment. Some
erosion of crest behind
revetment.

11-20

Sand dunes with
sandy/shingle beach.

Natural defence

N/A

Sand dunes. Sand beach with NFCDD. Defences interpreted
some shingle on upper shore. from EA oblique coastal area
photos Cell 11.

N/A

Natural defence

N/A

Sand dunes. Sand beach with
some small patches of
shingle.

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

N/A

Natural defence

N/A

Sand beach with some
patches shingle and rock
outcrops.

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

National Grid:
(318564E 473920N) to
(318469E 474025N)
Lowsy Point to mid Sandscale N/A
Haws

NFCDD. Defences and
residual life interpreted from
EA oblique coastal area
photos Cell 11.

National Grid:
(318469E 474025N) to
(318217E 475587N)
Mid Sandscale Haws to
Sandscale Cottages
National Grid:
(318217E 475587N) to
(319918E 475690N)
Sandscale Cottages to past
High Wood
National Grid:
(319918E 475690N) to
(302734E 476500N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
High Wood to The Headland,
Askam in Furness

N/A

Natural defence. Askam Pier
is line of slag left by the iron
ore works.

N/A

Sand beach south of Askam
Pier, sand with some marsh
vegetation to north.

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

Revetment constructed
1990s

Natural defence with rock
revetment south of football
ground. Toe failing at
southern end.

11-20

Sand beach with some shingle NFCDD. Defences and
and marsh vegetation.
residual life interpreted from
EA oblique coastal area
photos Cell 11.

N/A

Natural defence

N/A

Sand and shingle beach, small NFCDD. Defences interpreted
areas of marsh vegetation.
from EA oblique coastal area
photos Cell 11.

N/A

Natural defence

N/A

Sand and shingle beach, small NFCDD. Defences interpreted
areas of marsh vegetation.
from EA oblique coastal area
photos Cell 11.

National Grid:
(302734E 476500N) to
(320951E 477821N)
The Headland to football
ground, Askam in Furness
National Grid:
(320951E 477821N) to
(320963E 477966N)
Football ground to Duddon
Road, Askam in Furness
National Grid:
(320963E 477966N) to
(320973E 478128N)
Duddon Road, Askam in
Furness to point at
Dunnerholme
National Grid:
(320973E 478128N) to
(321052E 479871N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Dunnerholme Point to Pear
Tree Beck

N/A

Natural defence

N/A

Marshland and sand

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

Unknown

Protection to railway
embankment provided by
combination of ad-hoc
measures including concrete
sleepers and rock armour.

<10

Marshland and sand

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail

Unknown

Protection to railway
embankment provided by
combination of ad-hoc
measures including sloping
revetments and concrete
sleepers.

<10

Marshland and sand

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail

Unknown

Railway embankment with
intermittent rock armour
protection.

<10

Marshland and sand

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail

N/A

Natural defence

N/A

Marshland

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

National Grid:
(321052E 479871N) to
(321709E 480147N)
Pear Tree Beck to track at
Soutergate
National Grid:
(321709E 480147N) to
(322049E 481426N)
Track at Soutergate to just
south of Sand Side
National Grid:
(322049E 481426N) to
(322352E 482030N)
Sand Side to Kirkby Pool
National Grid:
(322352E 482030N) to
(322806E 483031N)
Kirkby Pool to bend in road
National Grid:
(322806E 483031N) to
(321369E 484728N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Bend in road to Galloper Pool Unknown

Vertical mortared masonry
wall along foot of
embankment.

<20

Marshland

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail

Embankment

25-50

Marshland

NFCDD. Defences and
residual life interpreted from
EA oblique coastal area
photos Cell 11.

N/A

Natural defence

N/A

Marshland

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

Unknown

Railway embankment
protected in places with
informal rock armour.

>10

Marshland

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail.

Unknown

Raised man-made coastal
defence.

6-10

Marshland

NFCDD 2007.

National Grid:
(321369E 484728N) to
(321257E 484955N)
Galloper Pool to Shallow Crag Unknown
National Grid:
(321257E 484955N) to
(321052E 485125N)
Shallow Crag
National Grid:
(321052E 485125N) to
(321038E 485212N)
Shallow Crag to Foxfield
Viaduct
National Grid:
(321038E 485212N) to
(320033E 485626N)
d/s Greety Gate
National Grid:
(320678E 485982N) to
(320416E 486837N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Greety Gate

Unknown

Flood wall

6-10

Marshland

NFCDD 2007.

Unknown

Blockstone lined channel private defence. Natural tidal
erosion in places.

6-10

River channel

NFCDD 2006.

Unknown

Earth embankment with rock- 6-10
lined channel sides. Vehicle
erosion to berm and
blockwork collapse central
section.

River channel

NFCDD 2006.

Unknown

Earth embankment. Slight
erosion but of no concern.

11-20

Saltmarsh and river channel

NFCDD 2006.

Unknown

Viaduct lead in embankment
with loose rock facing,
partially vegetated.

<20

Saltmarsh; estuarine mud and NFCDD. Defences interpreted
sand
from EA oblique coastal area
photos Cell 11. RL based on
CEUK work for Network Rail

National Grid:
(320407E 486836N) to
(320358E 486819N)
Little Island to confluence
with Claybed Hole
National Grid:
(320175E 487598N) to
(320182E 487788N)
Opposite Claybed Hole to
drain opposite Hatter Dub.
National Grid:
(320117E 487801N) to
(320269E 487275N)
Ladyhall Embankment
National Grid:
(320269E 487275N) to
(319710E 485569N)
Foxfield Viaduct to Millom
Embankment
National Grid:
(319950E 485620N) to
(319710E 485570N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Millom Embankment (railway Unknown
embankment to access track
below Low Shaw pumping
station)

Earth embankment

11-20

Saltmarsh; estuarine mud and NFCDD 2007.
sand

Earth embankment

6-10

Saltmarsh; estuarine mud and NFCDD 2006.
sand

Earth railway embankment

11-20

Saltmarsh; estuarine mud and NFCDD 2006.
sand

Earth railway embankment

11-20

Saltmarsh; estuarine mud and NFCDD 2006.
sand

National Grid:
(319710E 485570N) to
(319382E 484349N)
Millom Embankment (Low
Shaw pumping station to
railway line)

Unknown

National Grid:
(319382E 484349N) to
(319120E 484365N)
Millom Embankment (Railway Unknown
embankment southbound
from Green Road station)
National Grid:
(319120E 484365N) to
(318962E 483942N)
Millom Embankment (Railway Unknown
embankment to access track)
National Grid:
(318962E 483942N) to
(319264E 484170N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Millom Embankment (access
track to where runs adjacent
to unknown water channel)

Unknown

Earth embankment

11-20

Saltmarsh; estuarine mud and NFCDD 2006.
sand

Unknown

Earth embankment

11-20

Saltmarsh; estuarine mud and NFCDD 2006.
sand

Unknown

Earth embankment with
6-10
granulated concrete on crest.

Saltmarsh; estuarine mud and NFCDD 2006.
sand

N/A

Natural defence

Saltmarsh; estuarine mud and NFCDD 2006.
sand

National Grid:
(319264E 484170N) to
(319345E 483371N)
Millom Embankment (water
channel to footpath steps at
Sheepfold)
National Grid:
(319345E 483371N) to
(318340E 481796N)
Millom Embankment
(Sheepfold access track to
end of embankment)
National Grid:
(318340E 481796N) to
(317685E 480523N)
Millom to past playing field

N/A

National Grid:
(317685E 480523N) to
(318137E 480226N)
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Location

Defence History

Present Defences

Residual Life – (Do Nothing
Scenario)

Natural Features

Source and Assumptions

Years
Millom Devonshire Road
Industrial Estate

Unknown

Waste tipped on foreshore at <10
northern end of frontage.
Combination of vertical wall
in front of sewage leading
into dilapidated vertical
breastwork with rock infill
behind.

Estuarine mud flats

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

N/A

Natural defence

Estuarine mudflat turning to
sand beach with some
shingle. Rocky outcrops by
Haverigg Barrier.

NFCDD. Defences interpreted
from EA oblique coastal area
photos Cell 11.

National Grid:
(318137E 480226N) to
(319260E 479300N)

Millom IE to Haverigg Outer
Barrier
National Grid:
(319260E 479300N) to
(318122E 478157N)

N/A
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Appendix B: Recommended further studies for the Duddon Estuary
Recommended study

1. Update of flood and coastal
defence database.

Outline scope

Study assumed to be led by EA, Copeland or Sefton.
Review data in Appendix A against latest held by EA on their Asset
Information Management System (AIMS) the LLFA in their FWMA S21
register and Barrow and Copeland defence monitoring data to check for any
updates to information available through the SMP2. Compile latest data
including mapping and undertake initial quality review using latest aerial
photography from coastal group. Undertake walkover inspections / selected
visits including photographs of each defence length and significant defects.
Update database and make available on SANDS and AIMS.

2. Estuary wide managed
realignment studies and long
term strategy.

Studies assumed to be led by EA with partners Copeland BC and Network
Rail

3. LiDAR and bathymetric
surveys.

Study assumed to be led by Sefton or EA.

Outline cost estimate and priority

Estimated cost £10k to £15k, assuming packaged with other
similar work on defences in adjacent estuaries or the open
coast.
Priority – medium - needed to feed into MR viability studies
and strategy and for national initiatives such as NaFRA etc.

The SMP2 Action Plan has an estimate of £250k and medium
priority for these studies.

Developing outline scope for the studies recommended in the SMP2 11c16
Action Plan (e.g. items 1.1, 2.1 - 2.4 and 3.1) to develop a long term strategy
focusing on managed realignment are beyond the scope of this study which
is focussing on estuary processes and monitoring. However, there are
actions detailed below that need to be progressed first in order to inform
this study.
Review the LiDAR data collected in early 2013 for coverage. Undertake
swath bathymetric survey of estuary as soon as possible to tie in with the
LiDAR survey to give full coverage, enabling development of accurate model
bathymetry. If LiDAR coverage does not extend to low water or is otherwise
incomplete, undertake near concurrent LiDAR and swath bathymetry
surveys to give an up to date baseline data set.

Estimated cost £40k to £60k for bathy survey if packaged
with other surveys in region.
Estimated cost £10k to £15k for data review and updated
recommendations for future monitoring.
Priority high / urgent in order to be as near concurrent with
the recent LiDAR flight

Review existing topographic and bathy profiles against new baseline DTM,
and make recommendations for frequency and approach for repeat surveys
in hot-spot areas, such as the banks around the estuary mouth.
4. Collection of water level,
tidal current, suspended
sediment and wave data.

Study to be led by Sefton.

Estimated costs:

Obtain and review data from tide gauge at Duddon Bridge and assess
adequacy for use in modelling.

£10k to £20k?; assuming work packaged with bathy survey
work.

Collect spring-neap data set of tide level, current data and wave data for at
least one, preferably two locations in lower and middle estuary. Data
collection could use an AWAC or bed mounted ADCP or similar on bed
frame along with a silt meter. Depending on review of data from existing EA

Priority – high; needed prior to modelling studies in task 5.
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Recommended study

Outline scope

Outline cost estimate and priority

gauge deploy additional tide gauge in upper estuary. If possible the data
collection should be concurrent with the bathymetry survey. Suspended
sediment samples should also be taken through the water profile at hourly
intervals on a selected spring and neap tide during the fixed instrument
deployment for calibration purposes.
5. Sediment data collection,
analysis and pathway study
and updated estuary
modeling.

Study to be led by Sefton or EA, potential contribution from NR?.

Estimated costs:

Undertake sediment sampling throughout Duddon estuary and surrounding
coastal / offshore area to provide consistent set of baseline data covering
upper, mid and lower intertidal and sub-tidal areas. Undertake analysis of
the baseline data. Analysis to include full sediment sizing, mineralogical and
chemical fingerprinting.

Sediment sampling and analysis £10k - £15k?

The new data should be analysed to identify / confirm the sediment source
– sink linkages in the conceptual model.

Priority High – needed to inform strategy development, but
study needs to follow the data collection in items 3 and 4.

Sediment pathway analysis £10k?
Model development including update of bathymetry and
scenario testing £60k to £90k?

The work should also be combined with modelling of fine grained sediment
transport in the Duddon, potentially utilising and developing the 2D Duddon
model developed in CETaSS or similar, updated with bathymetry collected
in task above and calibrated using tide and current data from the above
studies. The modelling should include initial assessment of impact of
potential MR sites in upper estuary on wider estuary development.
The aim of the study is to provide an improved understanding of
mechanisms for supply of fine grained sediment to the estuary, improved
models for testing managed realignment and reduced uncertainty over the
future development of intertidal habitats and managed realignment sites in
the medium to long term.
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