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Glossary

Term

Definition

Accretion

Advance the Line (ATL)

AIMS

Bathymetry

Coastal Change

CD
Clay

Cell Eleven Regional Monitoring Strate
(CERMS)

Cell Elevefide and Sediment Study
(CETaSS)

Coastal Erosion

Coastal Landsliding/Instability

Coastal Narrowing (including Coastal
Squeeze)

Coastal processes

Dso

EA

Accumulation of sedimentuwk to the natural action of waves, currents and wind

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

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

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

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

Chart Datum
Sediment particles smaller than 0.002 mm

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

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 weees
and sediment transport alongside desk based studies with a focus on issues &
uncertainties identified in the SMP1s and the initial scoping phase.

A natural process that occurs as a result of waves, tides or curgéntsther
words, the seg; striking the shore. Sediment or rocks are washed away (but ce
a sediment source for elsewhere), and our coastline changes shape as a resu
may include cliff instability, where coastal processes result in landslides or roc
falls.

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

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

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

Median particle/ grain size in sediments; théGfercentile size of a distribution

Environment Agency
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Term

Definition

Ebb dominant

Ebbtide

Estuary

Fetch

Flood and Coastal Erosion Risk
Management (FCERM)

Flood 2fence Grant in Aid (FDGIA)

Flood dominant

Fluvial

Geomorphology/ Morphology

Hard structure of rock outcrop (Hard

point)
HAT

Headland

Hinterland

Hold the Line (HTL)

Holocere

Hydrographic Survey

Infrastructure

Intertidal zone

LAT

Stronger current on ebb tide than flood tide. Coarser sediments may be move:
more byebb direction currents than flood. The balance of net sediment transpc
depends on the relative strength and duration of ebb and flood currents.

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

A seni-enclosed coastal body of water which has a free connection to the opel
and where freshwater mixes with saltwater

Distance over which a wind acts to produce wavalso termed fetch length.

Hood 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 see@nomic issues of planning, developme
and management.

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

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

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

Theform2 ¥ G KS S NIKQ&a &dzNFI OS Ay Ot dzrandy
the processes responsible for their movement

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

Highest Astronomical Tide. See Tide Levels.

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

The area landward of flood or coastal defences.

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

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

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

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

The zone between the Higand low water marks.

Lowest Astronomical Tid&ee Tide Levels.

COPYRIGHT 2013 HALCRW GROUP LTD
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Term

Definition

LiDAR

Littoral transport (drift)

LLFA

Managed Realignment (MR)

MHWS
MHWN
MLWN
MLWS
MSL

Mud

Mudflats

NFCDD

NTL

Neap tide

No Active Intervention (NAI)

oD

Partnership Funding

Policy Unit (PU)

Progradation

Light Detection and Rangimga method of measuring land elevations using a las
often from a light aeroplane.

The movement of beach material in thi#goral zone by waves and currents.
Includes movement parallel (longshore drift) and perpendicular (esbsse
transport) to the shore

Lead Local Flood Authority. Responsible body for local flood risk managemen
accordance with the Flood antfater Management Act (FWMA) (2010).

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

Mean High Water Springs. See Tide Lsvel
Mean High Water Neaps. See Tide Levels.
Mean Low Water Neaps. See Tide Levels.
Mean Low Water Springs. See Tide Levels.
Mean Sea Level. See Tide Levels.

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

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

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

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

Tides over a4 day period with lowest tidal range between high and low water

A Shoreline Management Plan policy that assumes that existing defences are
longer maintained and will fail over time or undefended frontages will be allow
to evolve naturally.

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

Funding contributins for flood and coastal erosion risk management from beyt
traditional flood and coastal erosion risk management budgets (e.g. Flood Def
Grant in Aid (FDGiAYh¢ grant by which government funds its share of the costs
FCERM projects in England

Sections of coastline for which a certain coastal defence management policy t
been defined in the Shoreline Management Piessee SMP.

Seaward movement of the shoreline (mean high water mark) due to sedimeni
accumulatioron a beach, dunes, delta etc.

COPYRIGHT 2013 HALCRW GROUP LTD
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Term

Definition

Ramsar

Regression

Risk

Risk Management Authorities

SAC

Sand

Saltmarshes

Sediment sink

Sediment source

Shoreline Management Plan (SMP)

Silt

SPA

Spring tide

SSSI

Storm surge

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

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

A combination of both the probality 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 al
consequences of a hazard, which may be coastal erosion, coastal landsliding,
coastal accretion otoastal flooding resulting in regular or permanent inundatiol

Organisations that have a key role in flood and coastal erosion risk managem:
defined by the Flood and Water Management Act (2010). These are the
EnvironmentAgency, lead local flood authorities, district councils where there i
unitary authority, internal drainage boards, water companies, and highways
authorities.

Special Area of Conservation. An area which has been given special protectio
underthe9 dzNR LISy | yA2yQa | +FoAGFGA 5ANB

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

An ecosystem in the mido high intertidalzone which is vegetated by saflerant
plants

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

An area from which sediment is derived and becomes availablggnsport to a
sediment sink.

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

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

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

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

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

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

Definition

Strategy Plan

Tidal range
Tide

Tide levels

Tidal prism

Training walls

Transgression

Turbidity maximum

Up-drift

Wave Height

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

Microtidal < 2m; Mesotidal 2m4m; Macrotidal >4m; Hypertidal > 8m
The rise and fall of the sea caused by the gravitational pull of the moon and st

(1) High astronomical tide (HAT), lowest astronomical tide (LAT): the highest ¢
lowest tidal levels, respectively, which can be predicted to occur under averag
meteorological conditions.

(2) Mean high water springs (MHWS): the height emhigh 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 1
tide is greatest.

(3) Mean low water springs (MLWS): the heightn&fan low water springs is the
average height obtained by the two successive low waters during the same pe

(4) Mean high water neaps (MHWN): the height of mean high water neaps is t
average of the heights throughout the year of two successive hajkres during
those periods of 24 hours (approximately once a fortnight) when the range of 1
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 parias.

(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 ne

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

A walltypically constructed of rubble or masonixy corstrainor guide the
movement of an intertidal or sutidal channel.

Arise in mean sea level responsible for landward movement of the shareline

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

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

The vertical distance between a wave crest and the next trough.
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Executive Summary

The Ravenglass Estuary Complex is located on the Cumbrian coasteill dullwiwhich extends from
Hodbarrow Point, Haverigg to St Bees Hebwd Estuary encompassé®licy Units 11d PU2.2 though to
11d PUA4.1, including the spits to the north and $puandforms part of the Drigg coast SSSI and the
Drigg Coast SAThelimits of theestuary can be defined by a line between northern end of Eskmeals
dunes and Drigg Poirandthe normal tidal limis at Hinning House Bridge on the River Esk, Muncaster
Mill on the Mite and Drigg Holme on the Il threeriversdrain rural highland areas around Scafell
Pike.

The mouth of the composite estuary is now relatively narrow (c. 500 m) owing to southward extension
of the Drigg Spit and northwards extensiortloé Eskmeals Dunes spit since Roman times, when
Ravenglass was an important staging post.

TheSMP2estimated that there would bé&ess than 100 residential and around dén-residential
properties along witmearly 50@a of agricultural land at risk in theng term for a No Active
Intervention (Do Nothing) approach to flood and erosion risk management. There thalsoastal
railway lineinfrastructure within the long term risk areend the Drigg low level wastespositoryis
located adjacent to the dsary.

The Estuary imacrotidal, with amean spring tidal range of over 7ifihe estuary has relatively high
tidal discharges and velocitieslative to its sizebut the rivers thafeed into it have relatively small
dischargesThere is a gradation frosandy sediments at the mouth of the estuary to mundsr the
limits of tidal influenceMost shorelines within the estuary are sheltered from wave actioa tothe
protection afforded by the two spits.

Littoral sediment transport on th@pen coast to thesouth of the estuary is northerly, while on the
northern side of the estuary it is southerly. Tégtuary entrance is therefore a zonésediment
convergenceAsmall ebhtide delta atthe mouth of the estuaraffordssomeprotection to the shore

and provides a source of aeolian sand for the dune systemsither side of the mouthHowever,
sediment supply from offshore is limited and the estuacys only ag weaksedimentsink(mainly for
fine-grained sediment). The estuary contains significant acéasltmarsh which experienced a
significant increase in area followiegnstruction of he railway viaducts in the ¥&entury. At the

present time there are localised areas of marsh edge erosion and accretion which reflect patterns of
change in the lowvater channelsThe estuanat presentis close to a state of dynamic equilibrium. Its
future evolution will depend upon the balance between sea level rise and sediment availability. There
are significant lengths of unprotected glacial till cliffs and séunteson the coasboth to the north and
south of the estuary mouth, although rates of cliff recession and longshore sedimeariaird been low
in recent decades. Aacceleration in the rate of erosion in future years would be likely to provide
sufficient sediment to allow the estuary to keep pace with sea level rise

The long term plam the SMR is to allow the natural behaviour of Rivers Esk, Mitel Irt to continue
without further interventionand topromote a naturally functioning systewhich wil maintain natural
habitats Managenent offlood risk to Ravenglassllagewill continuealthough alimited number of
properties,access roads and tourism assets will be at increastdof flooding in future andhayneed
to be abandoned in the long term

Existing monitoring within CERM#inly involvedeach and bathymetric profiles around testuary

mouth and nearRavenglass village, aerial photography and LiDAR. No bathymetric surveys of-the sub
tidal area within the estuary have been undertaken, aediment sampling has been limitedo tide

gauge or other water level data aceirrentlyavailable for the estuary.

It is recommended that steps should be taken to incorporate the results of Doiggidvel Waste
Repositorycoastal changenonitoring withn CERMS, and that future monitoring should aim to fill
remaining gaps. However, in view of the small size of the estuary, the steeply sloping hinterland and
limited built assets at risk in terms of flood and coastal erosion risk management, the Ravenglass
complex is rated as lowest prioriof the NW estuariefor additional monitoring and further studies.
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1 Introduction

This report summarises the existing understanding of the RaverigiasayComplex seeFigurel.l for
location It draws on information from the second rourghoreline Management PlaBNIR), the Cell
Eleven Tidal and Sediment Transport Study (CE&a8%}jher more recent studies. It provides a
summary of:

The physical processes and evolutiornhaf estuary

The SMP policies for the estuary

The existing monitoring data

Gaps in understandingnd

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

= =4 =4 =4 =4

This report forms one of a series of samiteports for the major estuaries on the coast of North West
England. The location of the SMP sidls is shown ofigure2.1.

Scale (km)
SCOTLAND 0_20 4-0 .
*\Q\(&
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ENGLAND
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Liverpool
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w E
3 : s

Figurel.l Location of the Ravenglass Estuary
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2 Coastal Setting

TheRavenglass Estuary Compielocated on the Cumbrian coastsubcell 11dof the SMP2Subcell
11d extends fromHodbarrow PointHaverigg to St Bees HeadgeFigure2.1. The Ravenglass Estuary
encompassing Paly Units 11d PU2.2 though to 11d PU4.1, including the spits to the north and south.

' 7 N Scottish Border ‘
\

Moricambe Bay

Sub-Cell 11e

Workington

St Bees Head
Ravenglaskstuary

complex

nglass Estuary

Duddon Estuary

Leven Estuary

Kent Estyary

Walney Island ‘ /
Morecambe

cay

Rossall Point

Jj Lune Estuary

Wyre Estuary
Irish Sea
Blackpool
Sub-Cell 11b ( Ribble Estuary

Southport

Sub-Cell 11a
o Liverpool

Great Orme's Head

Mersey Estuary

Civw\e Uan -
- Ciwyd Estuary " Dee Estuary

o)
)

Legend Chester
Coastal fiood risk area under
extreme events, Environment 0 10 20 40
Agency Flood Map, 2008 ) Kilometres

Figure2.1 Overview of Cell 11 study area, showing SMPzZsillfrontages (source: Halcro2010c).

Three rivers flow into the estuary, the Irt, Mite and Esk. All three rivers drain rural highland areas around
Scafell PikeseeFigure2.2.
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Figure2.2 The catchment of th Rivers Irt, Mite and Esk rivers which flow into the Ravenglass Estuary, showing the
main urban areas and general extent of the intertidal zone. Source: adapted from Ordnance Survey Open Data,

after PyeandBlott, 2013).
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3 Estuary Review

3.1 Description

The esuary can be considered to extend from its mouth, defined by a line between northern end of
Eskmeals dunes and Drigg Point to the normal tidal limit at Hinning House Bridge on the River Esk
Muncaster Mill on the Mite and Drigg Holme on the(hialcrow,2010d Figure3.1).

| |

Aerial photography
3 flown 2010
N

\Dr(gg LBw
Repository

Viaduct Q/é*‘

Mite
Viaduct
Ravenglass

/ Eskmeals
limit of estuary Viaduct
below HAT
494000"‘ (Halcrow, 2010C) Eskmeals ™

Dunes
SMP2 Policy Unit 11d.3
'Ravenglass Estuary
493000 Complex' boundaries

Scale (km)

= =
00 05 10 15 20

492000 I T
303000 304000 305000 306000 307000 308000 309000 310000 311000 312000 313000
Figure3.1. Limits of the Ravenglass Estuary and SMP2 Policy Unit 11d.3.

The Ravenglass Estuary Complex incorporates three rivers; the Mite, the Irt and thdé&skthree

rivers join ata singlepoint of confluence, which currently lies just offshore of Ravenglass village. A single
channel then connects the confluence of the three rivers to the sea. The rivers flow into the estuary
across a steep hinterland,hich limits the tidal intrusion into these rivers and therefore reduces the

tidal power of the estuary complex (Halcro20108.

The mouth of the composite estuairy now relatively narrow (c. 500 m) owing to southward extension

of the Drigg Spit and northards extension of the Eskmeals Dunes spit since Roman times, when
Ravenglass was an important staging post. Today the village of Ravenglass is fronted by an erosional
glacial till platform(Halcrow,20104.

The estuary forms part of the Drigg coast $®8Ithe Drigg Coast SA&gure3.2).
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[ no SPA designation ]

(b) SPA

Lake District
National Park

4
Drigg Dunes
and Gullery LNR
Eskmeals Dunes
Scale (km) Wildlife Trust
(c) SSSI o fEm W= .|/(d)Other Resorwe

Figure3.2. Nature conservation designations and reserves in and surrounding the Ravenglass Estuary.

The shoreline management plan (SMP2)reated that there would bdess than 100 residential and
around 10non-residential properties along withearly 50ta of agricultural land at risk in the long term
for a No Active Intervention (Do Nothing) approach to flood and erosion risk managemerd.i3laéso
the coastal railway linenfrastructure within the long term risk areend the Drigg disposal site is in the
dune system adjacent to the estuary.

3.2 Coastal Processes

The Ravenglass Estuary is a mdital estuary, with a tidal range of over 7m spring tides. According
to Admiralty tidal tables for Tarn Point, south of EskmddldWN tides reach 2.1m, MHWS tides reach
4.0m and HAT tides reach 5.1m (Halcrow, 20,18e§Table3.2.

Table3.1 Tidal levels aTarn Point, near the mouth of the Ravenglgstuary Chart Datum conversions have been
takenfrom St Bees Head to Earnse Point SMP (19@8)yce: Admiralty Tide Tables (2012)

LAT MLWS MLWN MSL MHWN MHWS HAT
Tarn Point nd -3.40 -1.80 nd 2.10 4.00 5.00

The estuary has relatively high tidal discharges and veloc#iagve to its sizé¢JunkSuk, 1999), but the
rivers that feed into it have relatively low discharges (Assiedat.,1985). The estuary largely empties

of water at low tide. There is a gradation from sandy sediments at the mouth of the estuary to fine muds
at the limit of tidal influence within the estuary. Relatively coarse sediments (sands and gravels)
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dominate the surface sediments in the lower reachedending upstream as far as the Newbiggin

viaduct on the Esk, the Mite viaduct and Saltcoats on the Irt. In the middle reaches, coarse sediments in
and adjacent to the low water mark are bordered by broad lateral banks of fine grained deposits. In the
upper reaches, these fine grained sediments occupy most of the area (Bousher, 1999; Halcrow, 2010b).
Samples taken from the upper and mid intertidal zone in the mid part of the estuary as part of a CERMS
survey in 20090 (see monitoring figure for locationgere mainly sandy gravels, sands and muddy

sands (Pyet al., 2010¢ Figure3.4).

Littoral and subtidal net annual sediment transport vectors based on numerical modelling are shown in
Figure3.3 (Halcrow 2010c). Transport in this region is dominated by net tidal transport from the
northwest towards the southeast. This transport is stronger offshore and diminishes in magnitude
towards the Cumbrian coast. The littoral sediment transport on the northem gidhe Duddon Estuary

is towards the south and towards the estuary mouth. Further north, the transport direction changes and
is in a northerly direction all the way to the Ravenglass Estuary Complex. On the northern side of this
estuary there is southeyldirected transport towards the estuary along a spit, which is a zone of
sediment convergence.

The average net potential transport rate along the coastline from Seascale to Braystones is variable in
terms of directionalityseeFigure3.3 (Halcrow, 2010¢Wwhich is probably due to this coast being aligned
nearly perpendicular to the mean wave direction. Moving towards St Bees Head the transport rates
increase in a northerly direction although St Bees Head will act as a littaratlary. Further north the
transport is in a northerly direction and therefore St Bees Head acts as a littoral boundary rather a
sediment convergence zone (Halcrow, 2010c).

There is a small eblide delta at the mouth of the estuary which affordemeprotection to the

shorelines immediately on either side of the mouth. The area of influence is believed togpan

approximately 3km, protecting both the Drigg and Eskmeal dune systems. The delta is also likely to

provide a source of sand for aeolian transpinto the dune systems (Halcrow, 2010Bbhe 2010 aerial
LIK2(G23IN) LIK aK2ga | € NASNJAYGSNIARFIE WALAGQ 2LILR
FYR | aYlffSNI Ay(dSNI A-Rde bstusihilimits fighre. Sedimahieefor&sedmdA 33t
to converge on the estuary mouth from both directions, but most importantly from the sagtalso

indicated from the littoral transport modelling undertaken during the CETaSS workjgaae3.3.

The characterists of the Ravenglass Estuary suggest that it is a weak sink for sand and mud (Halcrow,
2002). The rivers are not a significant contributor of sediment to the estuary system (Bousher, 1999).
There is also not thought to be a general onshore movement af saicoarser sediment from further
offshore, therefore reworking of the cliff and beach deposits along the open coast is likely to be the
primary supply of sediment. The modelling of sediment transport under storm surge conditions
undertaken in CETaSS (¢talv 2010h) showed local onshore transport at Tarn Point to the south with
an anticlockwise gyre in the bay to the north in front of the Eskmeals dunes. At a larger scale, open coast
littoral transport within the North Eastern Irish Sea tends to be nortidsaut at low rates, although at

the mouth of the Ravenglass Estuary the growth of the two spits illustrates that littoral drift is towards
the estuary, probably as a result of sediment circulation within the outer banks (Halcrow,,Z¥0b
Figure3.3).

A survey carried out as part of CERMS in 20D8howed a wide range of sediment textural types
ranging fromsandygravel to silty san@Pyeet al.,, 2010;Figure3.4).

Most shorelines within the estuagre sheltered from wave action. The estuary is also only exposed to
storms from the soutkwest due to the orientation of the mouth and the protection afforded by the two
spits (Halcrow, 2010Db).
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Figure3.3 Map showing sediment transport in the vicinity of Ravenglass Estuary Complex (from Halcrow, 2010c).
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3.3 Past changes

The very long term evolution of the Cumbrian coastline has been dominated by glacial processes and the
postglaciation changes in iive sea levels. As the glaciers retreated, a complex suite of sediment was
laid down in vast quantities, both onshore and offshadgich has subsequently been reworked
(Halcrow,20108. A recent paper by Lloyet al. (2012) investigated sea level changeshe Ravengss

estuary and identified the following pattern:

1 Lateglacial setevel highstandof approximately2.3 m ODlaround 1%17,000 BP

1 arapidrelative sea levdall to -5 m ODio the start of the Holocene

9 arapid rise during the early Holoceoelminating in a mieHolocene higkstandof about 1 m OD
around 6,000 BAnd

1 agradual fall irrelative sea leveb the present day.

The Ravenglass Estuary was formed through the submergence of the Irt, Mite and Esk channels,
following the overdeepeningof these valleys during the last glaciation. A map dating from the 1600s
(Speed, 1995) suggests that at this time the rivers discharged separately, although there is some doubt
aboutthe accuracy of this informatiorSubsurface investigations recently @nthken along Drigg spit
suggest that all of the northern half of the Drigg promontory is underlain by a ridge of till that
determines the path of the Irt; only the southern half is a true spit, formed from prograding gravel ridges
capped with dunes (Fist al., 2010) Similarly based on undated erosion surfacgd)as been

postulated that the position of the coast during the Holocene lay over a kilometre seaward of its current
position, with the three rivers discharging separately to the sea (Kel\eamtage, 1992). Reworking of

the glacial sediments resulted in the development of opposing spits, which led to the diversion of the Esk
andaffected the route of thdrt, resulting in the three rivers combiningowever,based on the

information presentedn Lloyd et al. (2012)he timing of this is uncertairit is thought that anore
recentperiod ofaeolianactivity that occurred in the last ¢. 1,000 yeaesulted in the development of

the Drigg and Eskmeal dune systettmat sit on top of the two spit§Lloydet al, 2012 2005).

Ravenglass was for centuries a significant port. The Romans settled in the area in 78 AD, and for three
OSylidza2NARSa WwWDfSyylI@SyilrQ 61 & 3IFINNARA2YSR 6@ dzLJs | NR
up until the industial age, shipping out the coppéron ore, slate and granite mined in the area. As the

port gradually silted up, it became less importgHalcrow,20100. Recent radiocarbon dating of the
saltmarshes in the Ravenglass Estuary complex by Lloyd et 8) &@fgests they formed through the

Holocene, as sekevels rose to reach negresent levels. The data indicates segel has been close to

present for c. 6,000 years (ie. since the fhidlocene highstand), suggesting the marshes have

developed progresgely since that time. In more recent times, it is thougt that the construction of the

railway viaducts has led to localised increases in the area of nléedly and Emptage, 1992).

More recently there has been a slow increase in elevation of the satmarand mudflats within the
Ravenglass Estuafilalcrow,20100.

Bousher (1999) estimated that about 18% of the estuary was undergoing erosion and reworking (based
on work by Kelly and Emptage, 1992). The report concluded that reworking of the lowey toakk

place on timescales of tens of years, whereas the upper banks tended to be reworked on timescales of
hundreds of years. This study also concluded that at the time of reporting, bank erosion was very
localised, although rates of bank retreat in tkesreas could be high, e.g. 14 m over 14 yeBosisher

(1999) reported thatediments are accumulating in parts of thpper intertidalaround the estuary
(Halcrow,20108.

Following construction of the railway, there was accretion and subsequent redgtamiatthe inner

reaches of the estuary. Changes to the cresstional area of the estuary may have influenced tidal
exchange velocities passing in and out of the estuary and thus resulted in changes along the shoreline
along the Drigg and Eskmeal fron¢gsgHalcrow,20100).
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3.4 Future Behaviour

The estuary is in a state of dynamic equilibrium with the import of sediment on flood tides being
balanced by the export on ebb tides (Futureco28.08. The evolution of the estuary complex as a

whole over the nextentury will depend upon the balance between sea level rise and sediment
availability.There are significant lengths of unprotected glacial till cliffs and sand dunes both to the

north and south of the estuary mouth, although rates of cliff recessionlamgshore sediment drif

have been low in recent decades (Meaiid Auton, 2000; Mooreet al., 2003). However, any

acceleration in the rate of erosion in future years would be likely to provide sufficient sediment to allow
the estuary to keep pace with adevel rise. Local differences in saltmarsh accretion and erosion

patterns are likely within the estuary due to the effects of engineering structures on local hydrodynamics
(Halcrow,2010d.

3.5 Conceptual Model of Estuary Behaviour

A conceptual model for g Cell 18 area, showing sediment transport pathways, control features and
sediment sources and stores is providedrigure3.5. A more detailed diagram has been developed for
the Ravenglass estuary complaxd is shown ifrigure3.6 below.
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Figure3.5 A simple conceptual model f8ub Cell 11¢Halcrow, 2010f)
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Figure3.6. Conceptual diagram showing th&in sediment sources, geomorphological features and engineering
structures which influence the morphology of the Ravenglass Estuary.

3.6 Coastal Defences and SMP Policies

A list of the coastal defences in tRavenglasEstuary from the SMP2 is provided ipp&ndix A
(Halcrow,20109. The adoptedshoreline managemergoliciesin the SMRare shown on the map in
Figure3.7.

The long term plaim the SMR is to allow the natural behaviour of Rivers Esk, Mitel Irt to continue

without further intervention.Localised defence of the Cumbrian railway is not expected to have any
significant detrimental effects upon these. Managed risk to Ravengiéasgewill continue; it is located

on an area of higher land in the estuary so there aradeantages to surrounding coastal processes or
environmental interests in not continuing to hold thithe recommended long term plan will promote a
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