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C.1

COASTAL PROCESSES AND GEOMORPHOLOGY PROCESS UNITS

C.1.1

Unit 1 - St Ann’s Head to Wooltack Point
Description

This unit is at the south-western tip of Wales. It begins at St Ann’s
Head, which is the tip of the Dale Peninsula, and runs northwest to
Wooltack Point. It is bounded at its southern limit by Milford Haven,
and is situated behind the islands of Skokholm, Skomer and
Gateholm.
The unit is quite undeveloped, although Dale Airfield is situated at the
root of the Dale Peninsula.

Geology and
Physical
Controls

The south pointing Dale peninsula is sandstone, whilst the west
pointing peninsula, and Skomer Island, are volcanic. A portion of the
frontage, between Renny Slip and Red Cliff is mudstone. Between St
Ann’s Head and Great Castle Head the hard rock cliffs have softer
overburden material, creating gentler coastal slopes.
The main physical controls on this unit are the two boundary
headlands. The smaller headlands also provide more localised
protection, particularly Great Castle Head, Hooper’s Point and
Gateholm Stack. Gateholm Island helps to hold beach material at both
Marloes Sands and Albion Sands.
The islands Skomer and Skokholm provide some protection from
westerly and south-westerly storms.

Geomorphology

Most of this frontage comprises resistant rock platforms bounded by
steep hard cliffs.
Bays have formed at a range of scales; the largest (Marloes) being
almost two kilometres across. Marloes is sandy, as is Westdale Bay.
Numerous small beaches have also formed in the smaller coastal
embayments.

Wave Climate

Wave conditions have not been quantified for this unit. However, it is
situated on the most exposed section of the welsh coast, in that it
faces Atlantic swell and wind waves propagating northeast through the
Celtic Sea.

Erosion and
Flood Risks

Although this is, essentially, an erosional coast, there is no significant
vulnerability to erosion or coastal flooding.

Sediment
Dynamics

Wooltack Point and St Ann’s Head provide effective barriers to
sediment transport, so that there is no exchange of sediments with
neighbouring units; The sediments present within Marloes Sands and
Westdale bay are produced locally.
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Structures and
Defences
Historical and
Future
Shoreline
Evolution

There are no manmade defences or structures within this unit.
The Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park report provides the following
recession and accretion rates for locations along this frontage:
Location

Cliff (m/yr)

Dale Peninsula
-0.05
Marloes Beach
N.B. Negative values indicate recession

MHW
(m/yr)
-0.05
-0.02

MLW
(m/yr)
0.39
2.03

The dominant geomorphology processes involve the slow ongoing
erosion of shore platforms, and undermining of steep cliff faces,
leading to intermittent cliff failures. The resulting coastal recession
rates are very low. There is some localised low recession at Westdale
Bay and Marloes sands.
The characteristic indented shape of the coastline is formed by
hydrodynamic exploitation of localised weaknesses in the hard
lithology.
Accelerated sea level rise will cause narrowing of the steep rocky
intertidal areas, and an increase in wave attack on the cliffs. This will
tend to increase the (currently very low) rate of cliff recession. The
rising sea will tend to partially submerge the beaches, and drive them
landward. The beaches will be strongly constrained by the cliffs behind
them, leading to beach narrowing.
Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the Pembrokeshire
Coast National Park (anon, undated).

9t9001/R/303895/PBor
February 2011
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C.1.2

Unit 2 - Wooltack Point to Pen Dal-aderyn
Picture: Newgale
barrier beach

Description

This unit is situated at the tip of the Pembrokeshire Peninsula and
encompasses St Bride’s Bay. The bay is bounded by (1) the
southerly hard rock coast between Wooltack Point and Little Haven,
(2) the easterly frontage between Little Haven and Newgale, which is
characterised by beaches held between rocky headlands, and (3)
the northerly hard rock coast between Newgale and Ramsey Island.
The frontage includes the settlements of Little Haven, Broad Haven,
Nolton Haven, Newgale, and Solva.

Geology and
Physical
Controls

The volcanic rock of Wooltack Point is followed by sandstone, which
is present to the north of Newgale, although an igneous intrusion
forms the cliffs west of Little Haven. The south facing coast to St
David’s Head is predominately mudstone.
The northern and southern boundaries effectively form massive
headlands that limit the wave climate within the bay and prevent
sediment exchange with neighbouring units. There are also
numerous headlands of smaller scale that have strong local effects.
Ramsey Island provides protection to the northern boundary of the
unit.

Geomorphology

The geomorphology of this large unit is quite varied. Most of the
coastline is comprised of hard rock cliffs, fronted by steep shore
platforms. Although eroding they are highly resistant and so retreat
very slowly, producing little sediment.
The next most dominant features of the bay are the long sandy
beaches fringing the eastern boundary. The largest of these is
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Newgale Sands, which is in the northeast corner. In most places
these are backed by cliffs or seawalls.
The hard rock north facing shoreline also contains some beach
material. At Martin’s Haven there is deeply indented bay with a small
pebble and shingle beach. Musslewick Sands is the only extensive
beach on this section of the shore. There is another small bay at St
Bride’s Haven.
Between Little Haven and Broad Haven there is an extensive sandy
intertidal area with shingle towards the top of the beach. This is
backed by artificial defences at Little Haven and Broad Haven and is
divided into two sections by the cliffs at Fox Hole and The Rain.
North of the beach at Broad Haven the rock outcrops and cliffs
resume until Druidston Haven, where there is another sandy
intertidal area with shingle towards the top of the beach. This is
mostly backed by cliffs except where a small stream outfalls across
the beach.
There is also a small beach at Nolton Haven, which is a deeply
indented bay. The beach is sandy and backed by areas of gravel.
The shore then returns to cliff until the large beach of Newgale
Sands, which has an extensive perched gravel barrier. This is
backed by cliffs at its southern end, but at Newgale it protects a low
lying plain against coastal flooding. Directly behind the barrier is a
wall retaining the gravel to prevent it from rolling over the coastal
road. Gravel washed onto the road by storms are cleared, and
moved back to the ridge.
North of Newgale the shoreline changes orientation to become south
facing, and the cliffs return. Here there are many small rocky bays,
the most notable of which are Aber west, Porth y Bwch, Porth Gwyn,
Caerfai Bay and Porthlysgi. There are two river mouths, those of the
Solva and the Alun. The Solva discharges through a partially infilled
ria.
Wave Climate

The Futurecoast database includes inshore wave data for a point
within this unit at Druidston Haven, on the western facing shoreline.
As would be expected from the position and form of the unit, the
predominant wave direction is between 240° and 300° (i.e. westerly).
Futurecoast describes wave heights of up to 5.0 m from this
direction.

Erosion and
Flood Risks

Newgale has an extensive coastal floodplain in the valley of Brandy
Brook, and suffers from inundation events. A recent flood occurred
on the 10th March 2008. There is also flood risk around the River
Solva at Solva.

9t9001/R/303895/PBor
February 2011
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There are no noted areas currently vulnerable to erosion.
Sediment
Dynamics

There is no sediment exchange with adjacent units because of the
the boundary headlands. There is relatively free movement of
sediment along the west facing frontage within the bay, and
longshore transport occurs in both directions. The main beaches are
substantially swash aligned, although a widening of the Newgale
barrier towards the north indicates a slight northerly bias. Along the
east-west aligned coasts potential longshore transport is easterly.
Offshore, there is some accumulation of sand within the bay and
some gravel. These are likely to be the original source for the
beaches within the bay, and some exchange of material still occurs
between Newgale and these deposits. Newgale is also fed by gravel
released by cliff recession in the south.

Structures and
Defences

Seawalls at broad Haven.
Wall retaining the gravel at Newgale
Seawall at little haven
Small sections of sea walls at the upper reaches of Solva and across
the inlet at Porth Clais.
A small sea wall protecting the car park and lifeboat station at
Whitesand Bay.

Historical and
Future
Shoreline
Evolution

The Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park report provides the following
recession and accretion rates at locations along this frontage:
Location

Cliff-Line
(m/yr)

Little Haven to Broad
Haven
Broad Haven to Newgale -0.0004
Beach
Newgale Beach
Newgale to Solva
Solva to Pen Dal-aderyn
N.B. Negative values indicate recession

MHWM
(m/yr)
-0.0156

MLWM
(m/yr)
0.0433

0.0030

0.0007

-0.0060
-0.0014
-0.0021

-0.0363
0.0047
0.0016

These low recession rates are mainly due to the hard nature of the
exposed geology.
The gravel barrier at Newgale is known to have been retreating
since the 1890s, although this behaviour probably has a much
longer history.
Historic maps show fluctuating beach widths at Little Haven and
Broad Haven. This may indicate offshore losses coupled with the
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release of fresh material from local rockfalls.
Accelerated sea level rise will cause narrowing of the steep rocky
intertidal areas and increased wave attack on the cliff bases. The
beaches will tend to roll back as the sea level rises. Most of these
will be held by backing cliffs, leading to narrowing of the intertidal
and subaerial areas. Elsewhere, particularly at Broad Haven, the
nature of the response will be determined by whether or not existing
seawalls are retained. Retreat of the Newgale barrier will increase,
and it may become narrower.
Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park (anon, undated).

9t9001/R/303895/PBor
February 2011
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C.1.3

Unit 3 – Pen Dal-aderyn to St David’s Head

Description

This relatively small unit is situated on the tip of the Pembrokeshire
Peninsula. It comprises the west-facing coastline between the
headlands of Pen Dal-aderyn in the south, and St David’s Head in
the north. The coast here is remote and quite undeveloped. A
lifeboat station is situated at St Justinian, sheltered behind Ramsey
Island.

Geology and
Physical
Controls

The exposed geology along this frontage is mainly hard mudstone,
although St David’s Head itself is igneous. Ramsey island is
composed of hard mudstones and volcanic rocks. Between the
headland of Pen Dal-aderyn and Porth Mawr are high sandstone
cliffs with a small beach of gravel and boulders under the lifeboat
station at Porthstinian. The headlands that surround Porth Mawr are
formed of steeply north-dipping rocks of fine grained sandstones
and siltstones with quartz veins. The bay is carved into Cambrian
strata and lower Ordovician slates.
The major features influencing wave action and sediment transport
along this unit are Ramsey island to the west, and the boundary
headlands. In addition the major central headland behind Point St
John plays an important role in maintaining a beach at Whitesands
Bay.

Geomorphology

The coast is predominantly composed of exposed rock cliffs fronted
by steep shore platforms, except at Whitesands Bay (Porth-mawr),
Porth Lleuog and Porthmelgan, where sandy beaches have formed.
The backshore of the northern half of Porth Mawr is a shingle storm
beach.
The beaches are help in place by their bounding headlands, and by
the generally westerly waves they are subject to.

Wave Climate

Wave conditions have not been quantified within this unit. It is in a
generally very exposed situation. This exposure is reduced, however
to a great extent (particularly in the south) by the presence of
Ramsey Island, and to a lesser extent by numerous offshore reefs
and rocks, most notably the Bishops and Clerks.

Erosion and
Flood Risks
Sediment
Dynamics

There are no immediate erosion or flood risks in this unit.
There is a general lack of sediment in this system, except where it is
held within the beaches. The main beach of Whitesand Bay is fed by
erosion of cliffs to the south.
Strong tidal scour behind Ramsey island winnows sediments in this
area, to leave a predominantly gravel beach at St Justinian.
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Structures and
Defences
Historical and
Future
Shoreline
Evolution

Lifeboat station
The Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park provides recession and
accretion rates for the following locations:
Location

Cliff-Line
(m/yr)

Maenbachau to St.
David’s (N)
Point St John
Whitesands Bay
St David’s Head
-0.01
N.B. Negative values indicate recession

MHWM
(m/yr)

MLWM
(m/yr)

1.52
-0.02
-1.23
0.01

0.52
-0.50
-3.66
0.01

The predominance of hard rock geomorphological processes means
that this shoreline retreats slowly. Shore platforms gradually wear
down, allowing waves to attack the base of the hard cliffs, ultimately
leading to undermining and cliff failure.
Accelerated sea level rise will cause narrowing of the steep rocky
intertidal areas, and an increase in wave attack on the cliffs. This will
tend to increase the (currently very low) rate of cliff recession. The
rising sea will tend to partially submerge the beaches, and drive
them landward. The beaches will be strongly constrained by the
cliffs behind them, leading to beach narrowing.
Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park (anon, undated).

9t9001/R/303895/PBor
February 2011
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C.1.4

Unit 4 - St David’s Head to Strumble Head
Picture:
Abereiddy beach
and seawall

Description

This unit is situated at the southern most limit of Cardigan Bay. It
extends east and north from St David’s Head to Strumble Head and
is largely undeveloped, although there are two small villages,
Porthgain, which has a harbour, and Abercastle. There are also
cottages close to the beach at Abereiddy.

Geology and
Physical
Controls

The igneous rock of St David’s Head abuts mudstones, sandstones
and shales. Strumble Head is composed of volcanic material, and is
overlain by glacial till. Between Penmaen Dewi and Abereiddi the
headlands are comprised of steeply north-dipping rocks of fine
grained sandstones and siltstones with quartz veins.
The coastline is strongly indented, with multiple headlands defining
small embayments. Beaches have formed within some of these
bays, where sedimentary material is available and the headlands
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protrude sufficiently.
Geomorphology

The coast is mostly comprised of resistant rocky shore platforms,
backed by hard rock cliffs. Gravel/ cobble beaches exist, across
infilled glacial outwash channels at Abereiddy, Aber Mawr and Aber
Bach.
At Aberdraw, soft friable rock cliffs are evident above a harder rock
toe, and these are overlain by boulder clay. The cliffs are subject to
land slips due to undermining.
At Aber Mawr an eroding clay cliff is fronted by a cobbled beach,
which extends for several hundred metres across a low lying infilled
glacial outwash channel. This beach is separated from another at
Aber Bach, to the north, by the rock outcrop of Pen Deudraeth.
North of Aber Bach to Trwyn Llwyd, are sandy cliffs of hard rock
overlain by deep boulder clay deposits. There is one beach of note
at Pwllcrochan Bay, which is cliff backed.
Beyond Trwyn Llwyd the cliffs continue, with some indented bays at
Pwll Deri and Carreg Onnen, to the end of this unit at Strumble
Head.

Wave Climate

Wave conditions have not been quantified within this unit. It is rather
more protected than the units further south, because it faces westnorthwest across the Irish Sea, rather than towards the Altantic.
However Atlantic swell diffracts towards this area around St David’s
Head.

Erosion and
Flood Risks

Low recession rates mean that erosion is generally not a problem
along this frontage. Where the shore is retreating the coastal margin
is mostly undeveloped and so can accommodate change.
The beach car park at Abereiddy is, however, vulnerable to erosion.
Failure of the existing seawall would result in rapid loss of around
half the car park (Royal Haskoning, 2009).
The gravel barrier of Aber Mawr fronts a plain that may be
vulnerable to flooding, should a breach occur.

Sediment
Dynamics

There is very little sediment motion of significance to the overall
coastal system. The sediment transport that does occur, is largely
confined within the embayments, although there is some evidence of
fine offshore material being trapped at Porthgain and Abercastle.
The most significant sediment flux is into the beaches from the
limited erosion of the rock, and sedimentary deposits around them.

9t9001/R/303895/PBor
February 2011
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Structures and
Defences

Abereiddy beach car park is protected by a seawall, which was
constructed in the 1970s from narrow steel piles and timber
sleepers. This has suffered damage, resulting in blowout of the
backing infill. This has been managed through the placement of
armourstone behind the wall. In places the structure is now a
seawall/ revetment hybrid. The structure now has a very short
residual life.
Porth Gain is an inlet that has been developed to create a small
harbour, with two small breakwaters and a quay. It has a small
beach consisting of a thin layer of fine mud and sand over rock.
There is a low sea wall at Abercastle to the crest of a natural beach.
Possibility of quarry waste historically building the beach at
Abereiddy.

Historical and
Future
Shoreline
Evolution

The Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park report provides the following
recession and accretion rates for locations along this frontage:
Location

Cliff-Line
(m/yr)

Penclegyr
Abereiddi Bay
-0.02
Traeth Llyfyn
-0.03
Porth Egr to to Ynys
Denllyn
N.B. Negative values indicate recession

MHWM
(m/yr)
-0.08
-0.4
1.55
0.10

MLWM
(m/yr)
0.33
0.19
3.79
0.15

The predominance of hard rock geomorphological processes means
that this shoreline retreats slowly. Shore platforms gradually wear
down, allowing waves to attack the base of the hard cliffs, ultimately
leading to undermining and cliff failure.
The gravel/cobble beaches are more susceptible to retreat, where
they are not constrained on their landward side. Recession has
been noted at Abereiddy, Ynys Barry, Aber Draw and Aber Mawr At
Porth Gain there is evidence of sediment accretion behind the main
harbour wall, which is likely to restrict access.
The each at Aber mawr is retreating in response to sea level rise by
‘rolling back’; a process by which storms carry gravel from the front
face to the rear. At Abereiddy a sea wall constructed in the 1970s
has partially held the shoreline, but is now in a poor state of repair,
and is frequently breached by storms. The absence of this seawall
would result in around 25 metres of rapid retreat (Royal Haskoning,
2009).
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Recession of this coastline will continue in the future. Sensitivity to
sea level rise will depend on the coastal feature, with the harder rock
coasts being least responsive. The shorelines along beaches will be
most responsive, retreating through a combination of roll-back and
inundation.
Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park (anon, undated).
Royal Haskoning (2009). Abereiddy Realignment Study. Report for
Pembrokeshire County Council and the National Trust.

9t9001/R/303895/PBor
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C.1.5

Unit 5 - Strumble Head to Dinas Head
Picture: Lower
Town harbour

Description

This unit is situated within the southern part of Cardigan Bay, and
faces north into the Irish Sea. It includes the heavily managed
Fishguard Harbour and the smaller quay at Lower Town.

Geology and
Physical
Controls

The geology of this unit is generally composed of sedimentary
sandstones and shales, interspersed with hard intrusive igneous
rocks, which tend to form the headlands. Strumble head is volcanic,
and is capped with glacial till, whilst Dinas head is formed of
sandstone.
The primary natural physical controls on this unit are the boundary
headlands, and the headland around Pwll Hir, from which Fishguard
breakwater projects. The breakwater is itself an important control, as
is the inner harbour breakwater.

Geomorphology

The coast is mostly comprised of resistant rocky shore platforms,
backed by hard rock cliffs. The unit also includes beaches, at Pwll
Hir, Goodwick, Lower Town, and within small bays along the south
eastern margin of Fishguard Bay.
The beach at Goodwick fronts low lying marshland and is divided in
the middle by the East Breakwater. The western half is reinforced
with rock and walls, and is intersected by concrete slipways. The
eastern half is more natural, and more sandy, with a small area of
dunes, though is still managed with groynes and is backed by rock in
its eastern section. Sediment transport here is towards the northwest, due to the protection provided by the East breakwater.
The Lower Town harbour is situated in the recessed rocky mouth of
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the river Gwaun. It is a natural harbour that benefits, in addition, from
the protection of the north breakwater. As a result finer sediments
have accumulated within it. These are backed by coarser gravels
and artificial defences.
Between the mouth of the Afon Gwaun and Pwllgwaelod the shore is
again composed of hard rock cliffs with small coves, some of which
contain beach deposits.

Wave Climate

Erosion and
Flood Risks

At Pwllgwaelod is a bay with low sand foreshore and steeper upper
storm beach with an outwash channel from Cwmyr Eglwys. This bay
is slowly eroding. The remainder of the unit to Dinas Head is
comprised of hard rock cliffs.
Wave conditions have not been quantified within this unit. It is quite
protected, because it faces north across the Irish Sea, rather than
towards the Atlantic. The Fishguard breakwaters provide significant
additional protection within Fishguard Bay.
Depending on the rate of sea level rise, the hinterland of
Pwllgwaelod may be vulnerable to coastal flooding, which may
separate Dinas Island from the mainland at high tide.
Goodwick Moor, behind Fishguard harbour, is an extensive area at
risk of coastal flooding. A smaller area of flood risk is present at
Lower Town, at the outlet of the river Gwaun. In addition the area
around Hes’cwm mill, behind Aber Bach, is also vulnerable to
flooding.

Sediment
Dynamics

There is very little sediment flow around this system, because of the
predominance of hard lithology, and the lack of inputs from
neighbouring systems. Sediments within the embayments tend to be
retained by their bounding headlands. Some finer material has
settled in both Fishguard harbour and around the mouth of the river
Gwaun, due to their sheltered locations.

Structures and
Defences

From Futurecoast:
There are numerous defence structures within Fishguard Bay:
breakwaters to the north and south of Fishguard harbour afford
shelter to the ferry terminal, which is also protected by a sea wall.
The low-lying hinterland at Goodwick is protected by rock revetment
and groynes, and Fishguard Lower Town is protected by a sea wall.
The foreshore of Cwym-yr Eglwys is backed by a sea wall which was
extended southwards in the late 1970s

Historical and
Future Shoreline
Evolution

There has been very little change in the bathymetry of the bay since
the construction of the breakwaters at Fishguard, indicating the
general stability of this system.
The Investigation of the Stability of Coastal Cliffs along the

9t9001/R/303895/PBor
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Pembrokeshire Coast National Park gives recession and accretion
rates for locations along this frontage, and these are shown below:
Location

Cliff (m/yr)

Strumble Head to
Fishguard
Fishguard to Dinas
Head
-0.0001
N.B. Negative values indicate recession

Mean High
Water
(m/yr)
-0.0007

Mean Low
Water
(m/yr)
0.0025

-0.0007

-0.0008

The predominance of hard rock geomorphological processes means
that in most places this shoreline retreats slowly. Shore platforms
gradually wear down, allowing waves to attack the base of the hard
cliffs, ultimately leading to undermining and cliff failure.
Accelerated sea level rise will submerge shore platforms, allowing
larger waves to attack the cliffs. This will lead to an increase in the
(low) cliff recession rates. The higher sea levels will cause beaches
to retreat, where they are free to do so; elsewhere they will tend to
narrow and steepen. Overall the bays will tend to become more
indented. Increased recession rates will lead to more frequent
rockfalls, increasing supply to local beaches.
The flat intertidal area within Fishguard Harbour will tend to rise and
migrate inland with sea level rise. For most of the frontage this will
be prevented by backing defences and so narrowing of the beach
and intertidal should be expected. Ongoing rising water levels will
increase the probability of flooding of the backing hinterland.
Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park (anon, undated).
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1.6

Unit 6 - Dinas Head to Cemaes Head
Picture: Parrog
and The
Bennet

Description

This unit is in southern Cardigan Bay, contains Newport Bay and
faces northwest into the Irish Sea. It is rocky and relatively
undeveloped, but does include the settlement of Cwm-yr-Eglwys
behind Dinas Head, and Parrog, which is at mouth of the river Nyfer.
The Nyfer estuary, and its coastal interactions, are described in the
Estuaries Assessment.

Geology and
Physical
Controls

Dinas head is composed of Sandstone. The cliffs between Newport
Sands and Cemaes Head are within the Ordovician slate, and
alternate between resistant grits and shales.
The main physical controls are the boundary headlands, Dinas and
Cemaes. The recessed form of Newport Bay also provides protection
to the Nyfer estuary. At a smaller scale the many headlands protect
small embayments.

Geomorphology

Over most of the frontage the geomorphology is dominated by hard
rock processes, involving the slow ongoing erosion of shore platforms
and undermining of steep cliff faces, leading to intermittent cliff
failures. Lithological weaknesses are exploited by wave action, and
this forms the characteristic planshape indentations.
At Cwm-yr-Eglwys the shoreline has recessed into what was probably
a glacial outwash channel. This bay retains a sandy beach that is
independent of the rest of the unit.
East of Cwm-yr-Eglwys within Fforest Bay is a stable shingle beach
backed by grass banks.
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Newport Sands is the estuary of the river Nyfer. This was once a ria,
but has infilled with sand. A substantial duned sand ridge (the Bennet)
has developed from the northern side, which pushes the channel
towards the south. Rocky margins can still be seen at Parrog and on
both sides of the estuary behind the bar. At Parrog the rock continues
above the platform area but is then overlain with a well vegetated clay
slope around three metres high. Occasional scour has led to the
placement of rock.

Wave Climate

Erosion and
Flood Risks

Between Newport Sands and Cemaes Head the shore returns to the
hard rock cliffs typical of this unit. This is interrupted at Ceibwr Bay by
a shingle beach backed by scrub.
Wave conditions have not been quantified within this unit. It is quite
protected, because it faces north across the Irish Sea, rather than
towards the Atlantic. The original SMP indicates that the predominant
wave direction is from the west-northwest.
Depending on the rate of sea level rise, the hinterland of Cwm yr
Eglws may be vulnerable to coastal flooding, which could separate
Dinas Island from the mainland at high tide.
Scour has been observed at Parrog, and this location has the
potential for increased recession, given its relatively high exposure
and the presence of softer deposits.
Active Landsliding has been observed recently at Cell Howell.
There are small areas of flood risk associated with the streams
around Aberfforest and Aber Rhigian.

Sediment
Dynamics

There is a small flux of sand southwest along the seaward boundary
of this unit from Teifi estuary to the west of Dinas Head.
The estuaries assessment of this SMP review found that the Neifi is
likely to act as a weak sink for sediments, and that it exchanges
material with the open coast. However this exchange is likely to be
restricted to the area of Newport sands.
Throughout most of this unit sediment transport processes are only
significant within embayments, where they maintain beaches by
retaining locally released sediments. Newport Bay is also largely
closed to sediment flux at its boundaries, although it is more complex
internally around Newport Sands. This is explained within the
description of the Nyfer estuary.
At Parrog shingle has accumulated at the beach crest, just below the
clay bank. Flotsam tends to accumulate at Parrog indicating low
currents at high tide.

Structures and

Seawalls at Cwm yr Eglwys
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Defences

Seawalls and rock at Parrog

Historical and
Future
Shoreline
Evolution

The predominance of hard rock geomorphological processes means
that in most places this shoreline retreats slowly. Shore platforms
gradually wear down, allowing waves to attack the base of the hard
cliffs, ultimately leading to undermining and cliff failure.
The Investigation of the Stability of Coastal Cliffs along the
Pembrokeshire Coast National Park provides the following rates of
change of locations within this frontage.
Location

Cliff (m/yr)

Dinas Head to Newport
-0.0001
Newport to Pwll Coch
-0.0009
Pwll Coch to Careg
Wylan
-0.0009
Careg Wylan to
Pwllygranant
Cemaes Head
-0.0006
N.B. Negative values indicate recession

Mean High
Water
(m/yr)
-0.002
-0.0037

Mean Low
Water
(m/yr)
-0.0046
-0.0046

-0.0097

-0.0088

-0.0002

0.0032
0.0052

There has been little change in the shoreline at Newport Sands over
the last century. Between 1890 and 1910 the foreshore width
decreased due to a landward movement of the low water mark, but
since then there appears to have been little change.
A port at Parrog silted up by the end of the 19th Century.
Seawalls have previously been undermined at Cwm-yr-Eglwys,
following beach lowering.
Accelerated sea level rise will submerge shore platforms, allowing
larger waves to attack the cliffs. This will lead to an increase in the
(low) cliff recession rates. Increased recession rates will lead to more
frequent rockfalls, increasing supply to local beaches.
Parrog has the potential for increased recession as sea level rise
allows larger waves to approach the shoreline, exposing softer
deposits. Such recession would increase sediment supply to Newport
Bay.

Information
Sources

The Bennet dunes will tend to respond to sea level rise by rolling back
into the estuary. Eroded material from the dune front is likely to be
deposited within the bay, having little effect on the adjacent sections
of coastline.
Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
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The Futurecoast database.
Investigation of the Stability of Coastal Cliffs along the Pembrokeshire
Coast National Park (anon, undated).
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1.7

Unit 7 - Cemaes Head to New Quay Head
Picture:
defences on
the north side
of Gwbert Spit

Description

This unit extends from Cemaes Head across the Teifi estuary, east to
Aberporth bay, and then east northeast to New Quay head. The Teifi
estuary and the spit features at its mouth are described in Section 5 of
the Estuaries Assessment. The coast is mainly undeveloped, except
around Aberporth.

Geology and
Physical
Controls

Cemaes Head, the headland of Carreg Lydan and Cardigan Island,
protect the Teifi estuary. Elsewhere headlands provide local
protection. Notable examples include: Foel y Mwnt which retains the
Mwnt beach, Pencribach, and the other headlands along the
Aberporth frontage, and Ynys-Lochtyn. The sheltering effects of
Pencribach can be seen to Tresaith
The outcrops of rock seen between Craig-y-Gwbert and Traeth-yMwnt belong to the Gwbert formation. The rocks comprise alternating
bands of mudstone and thin sandstone. There are patches of eroding
boulder clay. From Mwnt to Ynys-Lochtyn the rocks are mainly shales
of the Ordovician period. The dominant lithology of the Mwnt
formation is a grey banded mudstone, and thin cross laminated
sandstone. Mwnt, and the area around it, is overlain by boulder clay.
The Tresaith formation is well exposed in the cliffs at Penbryn Beach
where it comprises a series of mottled green and grey mudstones with
black shales. These pass laterally into a thick sequence of banded
mudstones, with thin silty and sandy laminae, which are exposed in
the cliffs at Aberporth and Cribach Bay. The Tresaith formation grades
into the overlying Llangranog formation through the gradual
introduction of thin sandstone laminae and lenses
The Penbryn Beds, the lowest member of the Llangranog series,
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outcrop south of Carreg-y-Nodwydd where they consist of light grey,
cross-laminated, medium-grained sandstones. The junction with the
succeeding member, the Carreg-y-Ty Beds, is well exposed in the
cliffs at Carreg-y-Nodwydd, where thinly bedded sandstones pass
abruptly into dark grey mudstones containing large sandstone lenses.
Soft sediment deformation is widespread in this member.
North of Llangranog, the rocks become Silurian, of the Llandovery
series, for the first few miles and are then of the Telychian series. The
latter rocks are better known as the Aberystwyth Grits. The Garglwyd
formation is the first of the Llandovery series and is well exposed at
Traeth-yr-ynys, Ynys Lochtyn and Gaerglwyd. The lithology is
predominantly argillaceous, consisting of banded grey and dark blue
mudstones with thin sandstones.
Following this formation is the 115m thick sequence of well-bedded
sandstones and mudstones comprising the Allt Goch formation, which
is well exposed on the ridge extending from Traeth-y-Gaerglwyd. The
Allt Goch formation is succeeded by a 240m thick sequence of
mudstone, with thin siltstone seams of the Cefn-Cwrt formation, which
are well exposed between the Gaerglwyd and Cefn-Cwrt beaches.
The following formation of Llangraig comprises a thick sequence of
banded light and dark grey mudstones with infrequent beds of dark
grey to black graptoliferous mud. The estimated thickness of the
formation is 300m.
The Llangraig formation is succeeded by the Grogal formation. This is
a distinctive unit of alternating mudstones, sandy siltstones and
sandstones. A 5m thick bed of grey–green banded mudstone occurs
at the top of the formation, and marks the contact with the overlying
Aberystwyth Grits. The frequency of sandstone and sandy siltstone
beds gradually increases upwards although the thickness of individual
beds shows little increase.
Geomorphology

This coast is largely comprised of hard rock cliffs, fronted by steeply
sloping shore platforms. There is rather more beach sediment here
than in units further to the south. The western half of the unit includes
sandy beaches such as Mwnt, Parc Llyn, Aberporth, Tresaith and
Penbryn. The eastern half also has sandy beaches, but these tend to
be overlain by gravel, such as at Llangranog and Cwmtydu, Castell
Bach and Coybal. Cardigan Island is within this unit, a small distance
offshore of Carreg Lydan.
The sediments released by this erosion are either carried away in
suspension, where they are very fine, or accrete on the foreshore,
where they can be moved by wave action, which generally works to
slowly move material towards the northeast . Where this movement is
prevented by a headland, material tends to accrete into a beach, such
as on the southwest side of Ynys-Lochtyn. Where two headlands are
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close together, such as at Aberporth Bay, longshore transport can be
stopped entirely by the coupled effects of headland sheltering, and
wave redirection. In such places beaches can accumulate more
readily.
Wave Climate

Wave conditions have not been quantified within this unit. It is quite
protected, because it faces northwest across the Irish Sea, rather than
towards the Atlantic. However Atlantic swell and storm waves will
reach this coast, as they shoal across the decreasing bathymetry of
Cardigan bay, and rotate in a clockwise direction.

Erosion and
Flood Risks

This is an erosive frontage, but this occurs at rates that are so low that
it does not represent a hazard.
There is some vulnerability to flooding, in small areas where streams
discharge at Llangranog and Cwmtydu. In the latter location beach
movement can block the stream and cause minor flooding of the road.

Sediment
Dynamics

The general trend of longshore drift is towards the northeast, however
there is little alongshore movement because of the indented
planshape of the coast, and the generally narrow beaches.
Neighbouring coves interact little, if at all. The low cliff recession rates
mean that only small volumes of fresh sediment are released. A weak
supply from the offshore feeds beaches. These general conditions
become more complex in some locations, particularly around
Aberporth bay, as described below.
The estuaries assessment within this SMP review found that the Teifi
estuary is likely to act as a weak source of sandy sediments. It
exchanges material with the spit and beach features at its mouth.
Erosion of boulder clay at Mwnt and in neighbouring coves releases
fines into the water, which are carried offshore. There is minimal
release of coarser sediment.
Erosion of the glaciogenic cliffs releases coarse sand and gravel to
the local system. This is occurring from Gwbert to Aberporth and
Careg y Nodwydd to Ynys-Lochtyn.
Around Aberporth bay the principal source of material is the offshore/
nearshore sandy bed. As well as this cross-shore motion, there may
also be some limited drift to the northeast in the offshore area. This
cross shore sediment exchange links the three beaches around the
bay (Aberporth, Tresaith and Traeth Penbryn) and makes them, to
some degree, sensitive to changes to the offshore sediment supply.
The sandy nearshore is protected by Pencribach Headland, but it is
still subject to an eastward drift, estimated (within the original SMP) to
be 150,000 m3/yr. At the shore there is a weak but clear potential
easterly drift over the western half of the bay. Along the eastern half of
the bay the beach is highly dynamic but in net equilibrium.

9t9001/R/303895/PBor
February 2011

Appendix C Annex 2
- Annex 2. 22 -

Consultation

The Aberporth beaches are relatively stable and cut back into the
shelter of the main cliff line. Any material lost from the cove may be
carried towards the east. The beaches are, therefore, sensitive to any
conditions or actions that remove material from the cove or stop the
replenishment of the bay. There is known to be quite severe local
movement of material across both frontages and between the top and
bottom of the beaches. A concrete wall has been constructed behind
Traeth Dolwen, indicating that at some time in the past the beach may
have been considerably lower. There is a transfer of beach material
between these two beaches across the front of the interconnecting
rock outcrop.
The presence of a stream running out through the frontage of Traeth
Dyffryn has resulted in the development of a sand bank on the
foreshore. At times this bank moves inshore and forces the stream
close against the top of the beach. Prior to protection works being
undertaken, there was persistent sliding and erosion of the coastal
slope.
Tresaith is set back from the main line of the cliffs, which allows it to
retain a beach. It benefits from alongshore sediment influx from both
sides. Under certain storm conditions the beach is drawn down,
exposing a clay backshore, and this has led to artificial protection.
Traeth Penbryn is situated along the curve of the bay and is swash
aligned, so that although quite dynamic, there is no net alongshore
flux. Further east the cliffs project further forward and the potential
drift is towards the west, tending to drive material back to the beach.
The frontage is therefore relatively stable and this has allowed the
accumulation of a small area of dunes. The main beach movement is
onshore–offshore.
The shape of the coast either side of Llangranog, and the fact that the
cove is set well within the general line of the cliffs indicates that
Llangranog is effectively a longshore sediment trap. Some offshore–
onshore movement is probable. Within the cove there is considerable
variation in beach levels and in the composition of the beach. A small
storm shingle beach has developed at the northern end of the cove.
Wave reflection occurs off the northern cliffs, and this tends to drive
material south along the village frontage. While the beach at the
northern end of the village tends to extend above normal tide levels,
the beach at the southern end tends to be intertidal indicating some
coastal squeeze. The foreshore is generally sand, and at times this
can be driven in over the upper shingle. On other occasions the
shingle is exposed as the sand is scoured away by reflected cross
waves.
Ynys-Lochtyn is an effective barrier to longshore movement. Between
this headland and the end of the unit at New Quay Head the only
significant sediment interaction is with the offshore. The offshore drift
referred to above probably increases past New Quay Head. Local to
Ynys-Lochtyn, is a drift reversal that has allowed the development of
small beach (Traeth Lochtyn).
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Cwmtydu, a small valley cut back behind the general line of the cliffs,
is a longshore sediment sink, benefiting from a convergence of drift on
both sides. The actual longshore supply may be quite small, and
onshore–offshore movement is probably more significant. Within the
bay itself, there is quite significant movement along the shore from
one end of the cove to the other. This is dependent upon both wave
direction and wave reflection off the bay cliff. To the northern end of
the unit, New Quay Head may locally increase current flows on the
flood with a tendency to increase drift in the offshore area in a north
easterly direction.
Structures and
Defences

There are small local defences on the western side of the Tefi Estuary
Entrance. On the eastern side of the estuary entrance Coronation
drive is protected by a seawall which incorporates a slipway. The
Patch Caravan Park at Pen yr Ergyd is protected by a rock revetment
and there are rock groynes on the seaward side of the spit.
Within the Tefi estuary there are defences to protect St Dogmaels and
Cardigan. These mostly comprise masonry walls, however there are
also gabions and revetments at Cardigan. There are also numerous
slipways along the estuary.
At Aberporth there are a combination of concrete seawalls and a rock
revetment at the rear of the beaches.

Historical and
Future
Shoreline
Evolution

There are small local defences at Tresaith, Llangranog and Cwmtudu.
The predominance of hard rock geomorphological processes means
that in most places this shoreline retreats slowly. Shore platforms
gradually wear down, allowing waves to attack the base of the hard
cliffs, ultimately leading to undermining and cliff failure.
This is an eroding coast, but the resulting shore recession is generally
slow. Mwnt’s clay cliffs are eroding more quickly, as are other smaller
sections of clay overlying rock in this area.
Under present conditions the beach frontages are relatively stable,
although subject to periodic loss of material and, as a consequence,
potential erosion of the backshore. In the long term little further
evolution should be expected.
The defence line along Llangranog village frontage protrudes into the
active foreshore zone, and will be subject to periodic erosion.
Increased wave action or sea level rise will aggravate this process
and may result in a decrease in beach levels across the village
frontage. Periodic erosion is already an issue at the southern end of
Llangranog village. There is also periodic change in the composition
of the village beach.
Accelerated sea level rise will submerge shore platforms, allowing
larger waves to attack the cliffs. This will lead to an increase in the cliff
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recession rates. Increased recession rates will lead to more frequent
rockfalls, increasing supply to local beaches.
The beaches will respond to the rising sea level by rolling back, where
they are free to do so. Generally the beaches in this unit are
constrained by structures or cliffs, and so they will tend to narrow, and
increasing wave forces will be exerted on the structure/ cliff behind
them.

Information
Sources

Shoreline Management Plan from ST Govan’s Head to the Teifi
Estuary, Stage 2 (WS Atkins).
Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
The Futurecoast database.

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 25 -

February 2011

1.8

Unit 8 - New Quay Bay
Picture: Boulder
Clay cliffs along
New Quay Bay

Description

This unit comprises a 2km wide north-facing bay between New Quay
Head in the west and Llanina Point in the east. New Quay town and
harbour are situated on the rocky headland of New Quay Head. There
are several caravan parks and individual properties located on the
eastern and central sections of the bay.

Geology and
Physical
Controls

Mudstone outcrops are present at the shoreline at New Quay, where
they curve behind boulder clay within New Quay Bay. At the western
end of New Quay Bay is a coherent deposit of boulders, often striated,
in a bluish-grey clay, which is exposed in cliff sections of up to 25 m
high.
New Quay Head and the Stone Pier both act to redirect and modify
waves and currents, while Llanina Point acts as an anchor point,
helping to retain beach sediments.
The soft coastline beyond New Quay Head, anchored by the
presence of Llanina Point, has been shaped to closely match the net
wave energy pattern. The construction of the New Quay Stone Pier
has formed a smaller bay in its lee.

Geomorphology

The shoreline is comprised of a series of vegetated sea cliffs and
coastal slopes. A sand and gravel beach fronts much of the cliff line,
except immediately south of New Quay Harbour, where a boulder
covered rock platform is exposed.
The predominantly soft erodible clay cliffs have allowed the coast to
develop to a bay shape, controlled principally by the sheltering given
by New Quay Head. The underlying bay shape is distorted by the
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secondary intertidal submerged headland of Carreg Ina. This strong
point comprises glacial deposits and may be similar in formation to the
sarns further north, although more truncated. The eastern headland is
an anchor point for the bay, rather than an influence on wave
characteristics.
Wave Climate

The nearest ocean point at which the original SMP provided wave
conditions is at 52°30’N, 4°28’W. Here the most frequent and largest
waves come from the west and west southwest, with relatively broad
distribution of angles due to the southern exposure. This data
indicates that 74% of waves are less than 1.5m high but, more energy
is imparted by the less frequent larger waves.
The nearest inshore wave climate of the original SMP (Point 3) shows
dominant wave activity from the west and west-northwest. The highest
waves, of up to 3m, are from the west-northwest. The overall spread
of wave direction is between south-southwest and north.

Erosion and
Flood Risks

There are no areas of flood risk within this unit.
The cliffs and coastal slopes of New Quay Bay have suffered from
erosion and landslips. The cliff stability has been studied and potential
management options have been considered (High-Point Rendel,
2007).
Historic erosion of the coastal slope at Traeth Y Dolau led to the
existing coastal protection works. However erosion of the clay above
the rock cliff continued through non-marine processes.

Sediment
Dynamics

Although there is substantial erosion over much of this unit, the
boulder clay cliffs contain little coarse material, and so this internal
sediment source is small. There may be some sediment sourcing from
the cliffs under Charlie’s Field, but this is not believed to be
substantial. Llanina Point is erodible, and at present reinforced. The
principal source of sediment is the nearshore area, and this may be
fed by material flushed into the bay by acceleration of northeast tidal
flows around New Quay Head. Some material may pass beyond
Llanina Point, via the nearshore rather than the foreshore.
The prominence of New Quay Head has created a tidal flood eddy on
the western side of New Quay Bay. To the north of the Stone Pier
there is persistent longshore drift to the south and east, towards and
along, the pier. The beach at Traeth Dolau is retained in part because
the beach is actually set behind the line of the pier and in part by a
rock outcrop acting as a natural groyne. Little or no material is
transferred naturally back from the direction of the pier, but the beach
is nourished to a limited degree by material from the cliffs under New
Quay Head, and by beach management material from New Quay
Harbour. South of the Stone Pier, the bay may be considered in the
following five lengths:
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(1) The Harbour area has accreted since the construction of the pier.
The area comprises a sand beach backed by rock cliffs. Accreted
material is regularly removed from the harbour. There is significant
movement of material between the upper and lower beaches.
(2) The area from Glanmore Terrace to George Street has a generally
sand foreshore, backed by hard shales and grits, above which is a
layer of clay and rock detritus. To the east the section becomes a
steep clay cliff, with a boulder clay foreshore. The clay cliffs are
gradually eroding and produce some cobbles, but little sand or gravel.
(3) The Traeth Gwyn foreshore comprises a relatively thin layer of
sand and shingle over boulder clay. The level and nature of material is
known to vary. The coastal slope is boulder clay and liable to deepseated slippage. It is believed that on balance there is little movement
at the toe of the slope. Major slips every 15 to 25 years tend to push
material over the foreshore, advancing the toe. This material is
eroded, first at a relatively high rate and subsequently more gradually.
The reduction in material at the toe increases the likelihood of further
slips. More minor slips occur more frequently. Little sand and shingle
is present in the clays.
(4) The Charlie’s field foreshore is composed of sand and shingle, and
is backed by a clay cliff. The land above the coastal slope tends to dip
inland. Failure tends to be through undercutting and toppling. The clay
contains a higher degree of sand and gravel than at other sections of
the coast, and so acts as a minor sediment source.
(5) The Llanina coast is similar in many respects to the proceeding
frontage, although the cliffs are substantially lower. Beach sand and
gravel is retained by a groyne.
In all sections, except the area of transition between the George
Street and Traeth Gwyn sections, beach levels can vary quite
considerably.
The overall processes acting within the bay are complex, and several
geomorphic interpretations were identified by the original SMP. The
shape of the bay strongly indicates that wave action, modified by the
local headland, has been the overriding developmental influence.
Analysis of sediment movement around the shore indicates that, with
respect to longshore wave energy, the bay is close to net equilibrium.
However, material to the west of the bay tends to be driven towards
the lee of the Stone Pier. Material over the central bay section tends
to be moved towards Llanina. Sediment modelling carried out for the
original SMP estimated a net drift of 30,000m3/yr towards the
northeast. This movement is countered by a marginal net westward
drift along the Llanina frontage.
Although the bay is influenced by a persistent westerly current, this is
only strong enough to move material (independent of wave action)
close to the Penpolian Jetty and the Stone Pier. The material that
enables the observed rapid change in beach levels must be
exchanged with nearshore areas of the bay.
Structures and
Defences

At New Quay the main defence structure is the Stone Pier at the north
of the harbour, within the harbour there are masonry seawalls, with a
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masonry seawall at the southern end of the harbour.

Historical and
Future
Shoreline
Evolution

There are rock groynes and revtements at Llanina Point, at the
eastern limit of New Quay Bay.
The recession of the coastal slopes of New Quay Bay has been
studied by High-Point Rendel (2007). The reported recession rates
are shown in the table below.
Location

Cliff Top Retreat Rate
(m/year)
New Quay Cliffs
0.2
Brongwyn Lane Cliffs
0.4
Traeth Gwyn Cliffs
0.4
Llanina Cliffs
0.2
Cliff recession rates in New Quay Bay 1880-2004
In the future, as sea level rise accelerates, these recession rate will
increase. However the wide sandy condition of the beach will provide
some protection. The beach will build, fed partly by increased cliff
landsliding, and partly from nearshore sources (assuming that they
are not exhausted), and this will reduce the sensitivity of the cliff
system to the higher sea levels.
The flux of beach material from the centre of the bay to its ends will
mean that recession rates will be greatest in the central section,
leading to a change of planshape towards a marginally more indented
form.
Information
Sources

New Quay Coastal Slope Instability, Project Appraisal Report (HighPoint Rendel, 2007).
Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
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1.9

Unit 9 - Cei Bach to Gilfach-yr Halen
Description

This undeveloped unit is situated in Cardigan Bay, east of new Quay.
It extends eastward and northeast from the small headland of Llanina
Point to the hard rock cliffs of Gilfach-yr Halen. This is a fairly straight
frontage, with a small embayment (Little Quay bay) at its western
limit.

Geology and
Physical
Controls

Boulder clay backs the beach around Little Quay Bay, and forms a
fairly high irregular platform. At Cei Bach the clay is generally
homogenous and unstratified. From Cei Bach Bay to the end of the
unit the cliffs are mainly composed of hard rock, with occasional
pockets of boulder clay.
The form of this coast is controlled by the intertidal submerged
headland of Carreg Ina, below Llanina Point, and the line of the Craig
Ddu to Gilfach-yr-Halen cliffs. Carreg Ina comprises glacial deposits
and may be similar in formation to the sarns further north, although
truncated. This headland significantly influences wave transformation.

Geomorphology

At Llanina Point the beach is composed of sand, backed by a thin
ridge of gravel, with cliffs of soft boulder clay. Around the curve of the
bay the gravel element becomes more substantial and the beach
profile steepens. Around half way along the unit the subaerial beach
is substantially gravel. At about one third of the distance along the
unit the hinterland becomes very steep and the cliffs of Craig Ddu
begin to interrupt the line of the beach. These rocky protrusions
become more dominant with distance until at Gilfach-yr Halen the
beach is absent and the foreshore is, instead, hard rock platform.
The beach and cliff are linked by a process of self regulation in which,
when the beach is narrowed by a cliff protrusion, wave activity erodes
the backing rock more effectively. This leads to higher recession in
these locations. Where the cliff is recessed and the beach wider,
wave driven erosion is reduced. Through these processes the beach
has tended to produce the observed straight cliff alignment.
Llanina Point acts to: (1) regulate the influx of sediment from New
Quay (2) protect the clay cliffs from wave attack and (3) shadow and
diffract wave activity such that the beach is relatively dynamically
stable in its current curved form.
Any retreat of Llanina Point will allow increased sediment influx from
New Quay Bay, but will also increase wave attack, and therefore
erosion within Little Quay Bay.

Wave Climate

The nearest ocean point at which the original SMP provided wave
conditions is at 52°30’N, 4°28’W. Here the most frequent and largest
waves come from the west and west southwest, with relatively broad
distribution of angles due to the southern exposure. This data
indicates that 74% of waves are less than 1.5m high but, more energy
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is imparted by the less frequent larger waves.
The nearest inshore wave climate of the original SMP (Point 3) shows
dominant wave activity from the west and west-northwest. The
highest waves, of up to 3m, are from the west-northwest. The overall
spread of wave direction is between south-southwest and north.
Erosion and
Flood Risks

The clay cliffs in Little Quay Bay are susceptible to erosion, but are
protected. Elsewhere recession rates are naturally low.
There are no areas of flood risk within this unit.

Sediment
Dynamics

There is a small influx of sediment from New Quay Bay, and a very
limited supply from eroding cliffs within the unit. The principal supply
is from offshore, although this is also small. The influx from New Quay
Bay has probably reduced since the reinforcement of Llanina Point.
The bay is effectively stable, with only minor erosion of the backshore
and minimal drift to the east. The reef reduces both flows and wave
action, allowing silt to be deposited within the bay. The weak drift is
maintained across the Cei Bach section and may be reversed under
certain wave conditions. The hard rock at the north eastern end of the
unit has allowed a build up of material as the clay cliffs have eroded
back. There is little net drift along this northern section and, if at all, it
tends to be back towards Cei Bach. The convergence of drift is
indicated on air photographs, which show a slight widening of the
foreshore between the end of the Cei Bach section, and the cliffs at
the north eastern end. Any material moved beyond the unit to the
north, under particular wave conditions, will be lost to the increasing
and north easterly drift further north.

Structures and
Defences

At Cei Bach the sand and shingle beach has been stabilised with
groynes, and the previously unstable backing clay cliffs have been
defended with a revetment.
There are groynes and a revetment at Cei Bach that stabilise the
beach and protect the backing cliffs.

Historical and
Future
Shoreline
Evolution

At Cei Bach erosion rates of 0.2 m/yr were calculated within the
original SMP, prior to defence construction. The cliffs at the eastern
end of the frontage are reported to be retreating at 0.1m/yr.
The whole unit is relatively stable at present, in part due to the
reinforcement of Llanina Point and, the stabilisation of the clay cliffs
over the central section. Little change would therefore be anticipated
under current climate conditions
The bay will respond to climate change. Increased sea level rise will,
in effect, tend to narrow the intertidal area, and allow larger waves to
attack the cliff. In addition the submergence of the reef will allow
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larger waves into the southern part of the bay. Both these effects will
cause the cliff line to retreat, where it is not defended, and the shore
platform to lower. The relatively small sediment supply to the beach
will increase as a result, and so beaches may become slightly larger.
However they are also likely to become more volatile, as local wave
energy increases.
Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
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C.1.10

Unit 10 - Aberaeron South Beach
Picture:
Aberaeron

Description

This short unit is situated in Cardigan Bay, south of Aberaeron. It
faces northwest into the Irish Sea, and extends northeast from the
hard rock cliffs of Gilfach-yr-Halen to the harbour of Aberaeron.

Geology and
Physical
Controls

The hard cliff line provides the main control on the area. South Pier
retains material on South Beach Aberaeron.
At Gilfach-yr-Halen, high boulder clay cliffs front the underlying
bedrock. They are also evident from Cwm Cilfforch up to 400m south
west of Pen-y-Gloyn.

Geomorphology

Exposed boulder clay cliffs are found around Gilfach-yr-Halen gives
way to hard inerodable sections. The hard cliffs effectively control the
rate of erosion of the southern section, but at present do not influence
its plan shape strongly. Between Pen-y-Gloyn and the south pier at
Aberaeron is a shingle beach stabilised by groynes. Where the clay
cliffs have been eroded the foreshore is fairly wide.

Wave Climate

The nearest ocean point at which the original SMP provided wave
conditions is at 52°30’N, 4°28’W. Here the most frequent and largest
waves come from the west and west southwest, with relatively broad
distribution of angles due to the southern exposure. This data
indicates that 74% of waves are less than 1.5m high but, more energy
is imparted by the less frequent larger waves.
Futurecoast provides an inshore wave point at Aberaeron. The
dominant wave directions are between 270° and 330° (i.e. from the
west to northwest). The largest waves, of up to 3.75m, arrive from
between 270° and 300°.
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Erosion and
Flood Risks

There are no areas of flood risk within this unit.
The original SMP recorded recession of 0.04m/yr at Gilfach yr Halen,
and 0.2 m/yr at Aberaeron South Beach. This part of the frontage is
now protected, in part, although limited erosion occurs at the defence
ends.

Sediment
Dynamics

Some sediment is supplied from the eroding cliffs and foreshores,
especially locally around Gilfach yr Halen. Much of the material over
the South Beach frontage has accumulated over a long period.
There is the potential for a strong drift to the northeast along the
frontage. This may be locally interrupted just to the north of Gilfach yr
Halen, where the clay cliffs have been cut back. Also at this point it
appears that local cliff erosion may provide a significant supply to the
retained beach. The actual rate of drift is uncertain, but it seems likely
that the cliff weathering here supplies sediment to areas further north.
The eroding clay cliffs at Aberaeron South Beach appear to contain
little beach supply material. The artificial protection of this area has
not had, therefore, a significant impact on sediment supply.
Further north along the beach, a large shingle bank is retained by the
South Pier of Aberaeron Harbour. In this local area the accumulation
of material has reached a point where the beach is in relative, but
highly dynamic, equilibrium with the wave energy. Coarse material
does not appear to progress beyond the pier.
Prior to the construction of the northerly pier, over 100 years ago,
there may have been a transfer or flushing of material in to the
nearshore area. There may be some general weak northerly drift of
material in the offshore area, but this seems of little significance to the
unit. There is little evidence of a current transfer of material into the
harbour, or the unit to the north.

Structures and
Defences

Historical and
Future
Shoreline
Evolution

The defences of Aberaeron South Beach comprise timber groynes
and a rock revetment. In addition Aberaeron South Pier which is
formed of masonry Blockwork has significant influence on the
frontage.
The cliffed sections of this unit are eroding, although the recession
rates have not been quantified. Increased sea level rise will tend to
narrow the intertidal area, and allow larger waves to attack the cliffs,
accelerating the recession and causing more landsliding.
Some erosion of the clay cliffs at Aberaeron South Beach is occurring
and this may allow a breach into a lower-lying area behind, adjacent
to the southern flank of the harbour.

Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
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C.1.11

Unit 11 – Aberaeron Harbour
Description

This is a small, shallow and largely artificial harbour, through which
the river Aeron discharges. It is largely detached from coastal
processes by substantial piers.

Geology and
Physical
Controls

The harbour is formed and protected by man-made structures. The
beach at the rear of the harbour acts to dissipate the energy of
waves, reducing reflection.

Geomorphology

The harbour is relatively stable.

Wave Climate

The nearest ocean point at which the original SMP provided wave
conditions is at 52°30’N, 4°28’W, which is in mid Cardigan Bay. Here
the most frequent and largest waves come from the west and west
southwest, with relatively broad distribution of angles due to the
southern exposure. This data indicates that 74% of waves are less
than 1.5m high but, more energy is imparted by the less frequent
larger waves.
Futurecoast provides an inshore wave point for this unit at Aberaeron.
The dominant wave directions are between 270° and 330° (i.e. from
the west to northwest). The largest waves, of up to 3.75m, arrive from
between 270° and 300°.

Erosion and
Flood Risks

Scour has been a persistent problem beneath all the walls, which
have been underpinned. The harbour walls are generally below the
level of estimated 1:100 year water level. Consequently additional
defences have been constructed above some sections of the
frontage. A large section of Aberaeron is vulnerable to coastal
flooding.

Sediment
Dynamics

The Afon Aeron carries silt into the harbour, which is then distributed
by tidal flows. There is no indication of accretion of coastal sands.
The harbour piers and their crib groyne extensions interrupt
alongshore sediment transport effectively.

Structures and
Defences

The harbour is formed of masonry and concrete seawalls. Its seaward
channel is protected and directed by large concrete piers. Localised
additional flood defence structures have been added.

Historical and
Future
Shoreline
Evolution
Information
Sources

With appropriate maintenance erosion will be minimal, although scour
will continue. Increasing sea levels will reduce the standard of flood
defence.
Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
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Unit 12 – Aberaeron North to East Llanrhystud
Picture:
Aberarth beach

Description

This unit is situated in central Cardigan Bay, to the northeast of
Aberaeron. It includes the frontages of Aberaeron, Aberath and
Llanon. The rivers Cledan and Peris discharge to sea around Llanon,
whilst the Wyre Fach discharges at Llanrhystud.

Geology and
Physical
Controls

The geology here comprises mudstones and sandstones, with boulder
clay platforms from Aberaeron to Aberarth and Morfa Mawr to
Llanrhystud,
Control points within this unit include the defences at Aberaeron North
Beach, including the North Pier, defences west of Aberarth, the Morfa
Mawr headland, the strong point at Llansantffraed, the mouth of the
Afon Wyre at Llanrhystud and the hard rock cliffs at Carreg Ti-pw.
The structure and shape of this section of coast is strongly influenced
by intertidal strong points, which comprise well-bedded and compact
glacial deposits of stones and boulders. Although probably similar in
formation to the more obvious sarn features to the north, these strong
points are shorter and more spread out. Generally, between the more
prominent points, the foreshore is strewn with a well-compacted layer
of stones and boulders. While not strongly influencing or modifying the
approach of waves, the strong points have allowed the coast to
develop as a series of steps or shallow bays.

Geomorphology

Most of the section between Aberaeron and Aberarth is fronted by
shingle, although south of Aberarth drift is exposed in cliffs up to 5m
high.
The frontage from Aberath to Llanrhystud is characterised by steep
low backshore gravelly clay cliffs, generally fronted by gravel beaches
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and wide expanses of well-bedded scree foreshore. The unit between
Aberath and Morfa Mawr includes high vertical rocks. However, north
of Aberarth the cliffs are fronted by boulder clay.
Around the mouth of the Afon Cledan (and Peris) coarse fluvial
gravels have been deposited, becoming thinner and finer to the north
and the south. The section provides a rare and excellent exposure
through a periglacial alluvial fan, and shows Welsh till, Irish Sea till
and several gravel facies.
From Llanrhystud, extending for some 2km south of the Afon Wyre,
the boulder clay platform is fronted by a shingle beach.
The one section of hard cliff (1.5km north of Aberarth) apparently
plays little role in influencing the erosional development of the
frontage.
Wave Climate

Babtie (2003) analysed Futurecoast inshore wave data for Aberaeron
(Point 56, 235307mE 264177mN). This data showed an extremely
tight banding of wave direction from between 270 and 330 degrees.
The analysis revealed a 1:50 year wave height of 4.4 m.

Erosion and
Flood Risks

There is a significant area of coastal flood risk behind Aberaeron
North Beach, and at several smaller areas of Aberarth, South and
North of Llanon and South of Llanrhystud. Local flooding could also
occur up the river at Aberarth. At Llanon there is a risk of flooding to
the basement of the hotel.

Sediment
Dynamics

There is very little drift into the unit from the south, and probably little
from the north. Much of the eroding cliff contains a significant
proportion of shingle and the material on the coast appears to be the
residual deposits of long-term erosion. Fresh supply of material may
be cumulatively important, but relatively small in comparison to the
existing gravel banks. There may be supply from offshore, particularly
where there are sand beaches.
Sediment tends to collect in the small embayments between the
strong points, and this process helps to regulate the overall coastal
recession.
Based on the original SMP sediment modelling and observations, the
unit may be spit into six subunits of sediment drift. Each of these is
associated with either a natural or a man-made strong point. The six
subunits are:
(1) Aberaeron North Beach: beyond the immediate effect of the North
Pier, drift rates accelerate and then decline, allowing accumulation of
deposits. The pattern of erosion is coupled to this process, with
increasing erosion followed by an area of relative stability. A northeast
drift continues at a reduced rate. Modelling for the original SMP
calculated a net easterly sediment transport rate here of
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330,000m3/yr.
(2) Aberarth: the coast here has been strengthened artificially to the
west of the Afon Arth. Net drift rates fall although the beach is still
quite dynamic. Some drift moves through and beyond this area.
(3) Aberarth Cliffs to Morfa Mawr: the hard cliff here is not sufficiently
exposed for it to control drift on this subunit. Control is instead being
provided by the Morfa Mawr strong point. The net drift is reversed at
the northern end of the section, acting to create the relatively stable
shingle beach on the west of the headland. Drift can move either way
across the headland but the net drift is to the northeast. This has
resulted in erosion to the south west side of the Morfa Mawr headland.
(4) Llanon to Llansantffraed: the drift from the Morfa Mawr strong point
increases, reaching a maximum in front of Llanon but decreasing
further north, and reversing just before the Llansantffraed strong point.
The coast has cut back where the foreshore is generally lower
between the strong points. Between Llanon and Llansantffraed are
notable local changes in the rate of erosion. These changes are
mirrored substantially by variation in the level of the foreshore. Drift
rates at Llansantffraed are very low and this is associated with a
relatively stable gravel bank in this area. At the Headland north of
Llansantffraed, modelling within the original SMP showed a low
northerly net transport over the upper beach and a net southerly
transport over the lower foreshore. Overal transport rates were low.
(5) Llanrhystud Bay: the land behind this subsection is quite low and
the clay cliffs disappear over most of the centre of the section. This
valley is also seen in the nearshore bathymetry. The shoreline has
been allowed to move inland into the valley to such an extent that:
- The frontage has a developed bay shape with little net drift,
- A shingle bank defence has formed,
- The shape of the bay depends upon the hard points to north and
south.
The southern point has formed partly as a result of the higher stronger
foreshore, and partly by the influence of the Afon Wyre, which has
tended advance the shingle in this area.
(6) Llanrhystud to Carreg Ti-pw (Pigyn): this section of the frontage
ends at the start of the rock cliffs that anchor the north of the unit. The
clay cliff at the back of this section has been cut back quite sharply
from the Llanrhystud headland creating more of an embayment than
in other areas of the unit. There are indications of a modest drift from
the southern headland, although this may not be realised given the
very gradual shingle bank slope.
Structures and
Defences

Coast protection works have been carried out over much of Aberaeron
North Beach. Behind these defences is a second line of walls.
However these rear walls do not provide a continuous flood defence.
Further along the seaward face of the area, coast protection is
provided by timber groynes with no hard defence behind. A bank is
raised at the back of the defence.
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Historical and
Future
Shoreline
Evolution

This is an erosional coast. The shore platforms gradually wear down,
allowing waves to attack the base of the cliffs, ultimately leading to
undermining or other destabilisation, and cliff failure.
The original SMP provides recession rates at locations along this
frontage, and these are reproduced in the following table. The SMP
analysed air photographs and records of the mean high water mark to
determine long term recession rates. It should be noted that these
rates predate recent coastal management works.

Location

Aberaeron North
Beach
Aberaeron North
Beach
Aberaeron to Aberarth
Aberarth
Morfa Mawr
Llanon
Llansantffraed to
Llanrhystud
Llansantffraed to
Llanrhystud

Erosion Rate Methodology
(m/yr)
Mean High
SMP1 Air
Water Mark
Photograph
Analysis
Analysis
(18801970)

0.4
0.71
0.1

0.3

0.65
0.14
0.21

0.25

0.18
0.12

Accelerated sea level rise will cause narrowing of the steep rocky
intertidal areas, and an increase in wave attack on the cliffs. This will
tend to increase the rate of cliff recession. The rising sea will tend to
partially submerge the beaches, and drive them landward.
The following change has been projected for the first half of the 21st
century by SMP1 (Posford Duvivier, 2000):
(1) The coast position at Aberarth will be largely unchanged.
(2) The cliff north of Aberarth will erode back to the underlying
hard rock (possibly between 25 and 40m) and material will
tend to be trapped by the resulting embayment.
(3) Morfa Mawr may erode some 5–10m, this will release
relatively small quantities of beach material.
(4) At Llanon, erosion will be between 15 and 30 m.
(5) At Llansantffraed the erosion will be considerably less. This
will further reduce material carried north to Llanrhystud.
(6) Llanrhystud Bay should remain relatively stable with a gradual
retreat as the Llansantffraed headland moves slowly back.
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(7) The retreat at North Beach will expose the low-lying ground to
the north of Aberaeron, and may result in increased flood risk
to the town.
(8) Erosion at Llanon will cut through to low-lying land around the
mouth of the Afon Clydan and this may result in some loss of
beach material to either side, further encouraging erosion. The
gradual retreat of Llanrhystud Bay may result in a breach
through to the lower-lying land just at the mouth of the Afon
Wyre. Considerable quantities of shingle could be lost into the
area, disturbing the equilibrium around the bay.
Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
The Aberaeron North Beach Coastal Defences Project Appraisal
(Babtie Group 2003).
The Aberaeron North Beach Coastal Defence Study, Concept Design
Report (Atkins 2007).
The Futurecoast database.
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C.1.13

Unit 13 – Carreg Ti-pw to Allt Wen
Picture: Morfa
Bychan

Description

This unit is situated south of Aberystwyth, in central Cardigan Bay. It
is undeveloped, and extends north-northwest for approximately 10 km
from the hard rock cliffs at Carreg Ti-pw to Allt Wen.

Geology and
Physical
Controls

This area of coastline is mainly fronted by rock cliffs of sandstone and
mudstone, with areas of boulder clay. Drift-fronted cliffs extend for
about a mile south of Morfa Bychan.
The cliffs are the main physical control on this frontage. Sarn Gynfelyn
Provides some protection from waves approaching from the north.

Geomorphology

This is an erosional cliffed coast, which develops through ongoing
downwearing of the shore platform, which exposes the backing cliffs
to wave attack and destabilisation. The failure of those cliffs releases
sedimentary material, which builds the beach.
Most of the cliffs here are hard, and erode slowly. In the centre of the
unit are the drift fronted cliffs south of Morfa-Bychan, and these are
more vulnerable to erosion.

Wave Climate

This frontage is partially sheltered from waves from the northwest by
Sarn Gynfelyn, although this is not a particularly energetic wave
direction.
Jacobs Babtie (2006) studied wave conditions at 52.5º N 4.5º W,
using output from the Met Office’s European Wave Model (July 1988
to March 2004). These data are reproduced in the table below.
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Wave Direction

Return
Period
(years)

210
Hs (m)

240
Hs (m)

270
Hs (m)

300
Hs (m)

330
Hs (m)

1
10

5.94
6.96

5.66
6.67

5.90
7.06

5.06
6.04

6.51
7.72

25
50

7.35
7.63

7.04
7.32

7.50
7.82

6.41
6.69

8.18
8.51

100
200

7.91
8.18

7.60
7.86

8.14
8.45

6.96
7.22

8.85
9.17

300
500

8.33
8.53

8.02
8.21

8.63
8.86

7.38
7.57

9.36
9.59

Extreme Offshore Wave Conditions for 52.5ºN 4.5 ºW
The nearshore wave climate was assessed using a SWAN numerical
model for several locations across the Aberystwyth frontage. The
nearshore wave climate for Alt Wen (257465 mE 278550 mN) shows
a predominant wave direction from the west and southwest.
Erosion and
Flood Risks
Sediment
Dynamics

There are no areas of flood or erosion risk within this unit.

Structures and
Defences
Historical and
Future
Shoreline
Evolution

There are no manmade defences or structures within this unit.

There is limited drift from the south, and some sediment supply from
the weathering cliffs, particularly at Allt Wen. This provides some
material to the adjacent unit in the north. There is little interaction
beyond the general through-flux of material.

This is an erosional coast, although the only location where this as
been quantified is Tregynan, where the original SMP reports
recession of 0.4m/yr.
Accelerated sea level rise will tend to submerge shore platforms,
allowing larger waves to attack the cliff faces. This will result in
increased destabilisation and cliff top recession. This erosion will
release sediment into the beaches at increased rates. The softer cliffs
in the centre of this unit will be more sensitive than the hard rock
frontages, and so will recede more rapidly.
The increased flux of sediment from the cliffs will benefit the unit to
the north.

Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
Aberystwyth Coastal Defence Strategy (Jacobs Babtie, 2006).
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C.1.14

Unit 14 – Aberystwyth South
Description

This west facing unit is situated in the centre of Cardigan Bay. It
extends from the cliffs at Allt Wen to Castle Hill, and includes the bay
beaches at Tan-y-Bwlch and South Marine Parade, and also
Aberystwyth harbour.
The harbour, which is largely artificial, is the point of discharge of both
the Afon Rheidol and Afon Ystwyth.

Geology and
Physical
Controls

The main physical controls are the cliffs at Allt-Wen, the harbour
entrance structures and the Castle Hill outcrop.
The Allt Wen cliffs are comprised of shale, mudstone and greywacke
rock that have been folded. The lithology includes soft layers, and
talus is normally present at the base of the cliffs, from rock falls and
weathering. The cliffs of Tan-y-Bwlch have been subject to intense
and repeated compression and distortion. As a result the rocks show
a complex structure with numerous folds and fractures.

Geomorphology

The two beaches in this unit appear to have originally been a single
bay, which was divided by the construction of the harbour.
Tan-y-Bwlch beach is composed of gravel and is backed by a ridge. It
lies between the Allt Wen cliffs and the harbour, and is backed for half
its length by the Afon Ystwyth. It rests on a generally sandy foreshore.
To the south of the bay the shingle fronts a clay bank. At the north the
clay is lower and submerged beneath a massive shingle bank.
The natural condition of the Tan-y-Bwlch would be to roll back, in
response to sea level rise, over the floodplain of the Afon Ystwyth.
Originally the Ystwyth may have discharged through the beach, but it
appears to have been diverted along the back of the barrier to flush
sediment out of the harbour. The location at which the river currently
impinges most strongly on the beach (roughly the mid point of the
bay) has been engineered to prevent a breach, through the
construction of a concrete wall.
Tan-y-Bwlch can be sub-divided into southern, middle and northern
geomorphological sections. The southern section, closest to the Allt
Wen cliffs, has been partially stabilised through the placement of rock
armour at the crest of its ridge. The middle section of Tan-y-bwlch
contains fine-grained material (gritty sand), which forms a lower
gradient ridge. The elevation of the beach is lower at this section
(approximately six metres OD) than it is further north (approximately
eight metres), and so overwashing is more frequent here. This
produces washover fans on and behind the ridge. In the north the
gravel ridge is steepening, as the lower beach is retreating between
three and six times faster than the upper parts of the ridge (Pethick et
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al., 2003). Distinct storm berms can be found along this section.
South Marine Terrace has finer gravel material and gritty sands within
a moderately steep beach backed by a continuous sea wall and
promenade. Every two years around 500 m3 of material is dumped on
the beach from maintenance dredging of the harbour. This is mainly
gravelly sand. The beach may also be fed by material from Tan-yBwlch, bypassing the harbour and its structures.
Further to the north of the beach there is a rock outcrop at Castle Hill,
which acts as a groyne reducing sediment transport to the north.
Wave Climate

Waves in this region are best described by the wave rose shown
above, which is taken from Jacobs Babtie (2006) and was derived
from six years of Met Office data for location 52.50N, 4.50W.
Erosion and
Flood Risks

Erosion was noted by the original SMP at Tan-y-Bwlch and South
Marine Terrace, and this was reiterated by the Aberystwyth Coastal
Defence Strategy.
Flooding of the low lying land behind Tan-y-Bwlch is prevented by the
beach ridge. Consequently this area would be vulnerable should
breaching or excessive overtopping of the ridge occur. There are also
several flood zones in and around Aberystwyth Harbour; two are at
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risk from within the harbour, while one is also at risk from overtopping
of the Marine Parade Frontage.
Sediment
Dynamics

There is believed to be a significant coarse sediment supply to Tan-yBwlch from erosion and weathering of cliffs, in particular the
immediate frontage of Allt Wen. The Aberystwyth Coastal Defence
Strategy quantified the release of sediment from these cliffs, using
recession rates given in the Futurecoast database. However these
rates appear to have been misread, and so the sediment release rates
should only be used after this issue has been reviewed.
At the south of the unit SMP modelling indicated a very strong
northerly drift (approximately 170,000m3/yr), but rather less elsewhere
in the bay. The SMP also reports a drift divergence close to the area
where the Ystwyth impinges on the rear of the beach, which provides
an explanation of why the beach is narrow there. Defences have been
constructed (a wall with armouring) to reduce the probability of a
breach in this location. Monitoring has demonstrated that this beach is
very sensitive to wave direction.
There is some input of sandy gravel to the South Marine Terrace
beach from the two rivers, which is dredged every two years and
deposited on the open coast north of the harbour. There is also
believed to be a limited offshore supply of sand and grit.
There may be a small movement of sediment from Tan-y-Bwlch to
South Marine Terrace, but the Old Stone Pier is an effective barrier to
Longshore transport.
The construction of the Stone Pier reduced drift to the north. So
(1973) suggests that only finer grits can now pass the pier, and this is
supported by the smaller grain sizes on South Marine Terrace to the
north.
Records indicate a gradual but progressive reduction in volume of the
South Marine Terrace beach. The level of material against the back
defences drops towards the harbour entrance. Records show that
when waves approach from the south and west, they run up the beach
and along the face of the rear sea wall. This tends, naturally, to move
material to the north and results in mounds accumulating normal to
the slope of the main beach.
On occasions the beach in the central part of this section develops a
berm which becomes vegetated. Such features may remain for
several years before being washed away. A 1990 storm caused quite
severe damage and beach lowering, exposing the toe of the defences.
Beach levels recovered within a year, indicating that the sediment was
not moved far across the shore profile. Since then, beach levels have
varied considerably.
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Any material moving north beyond Castle Point is lost to the beach, as
there is no return process.
As indicated above the harbour is quite artificial. It was created and
maintained, in part, by the construction of the Stone Pier, works to the
back of the shingle bank of South Marine Terrace and through the
redirection of both the Rheidol and the Ystwyth. More recently, major
works have been undertaken to create a marina through the
reclamation of intertidal mud flats and the deepening of the inner
harbour basin. These works have modified harbour flows and reduced
flood probability in the Trefechan area. Outside the harbour is a bar
that restricts access but also may act to reduce waves entering the
harbour. At the confluence of the Ystwyth and the Rheidol there is a
small shingle shoal. Directly within and facing the entrance to the
harbour is a small spending beach, which dampens wave action within
the harbour.
Structures and
Defences

Concrete wall with rock backing part of the northern section of the
Tan-y-Bwlch beach, where the river Ystwyth runs close to it.

Historical and
Future
Shoreline
Evolution

Material is being lost from South Marine Terrace, and so beach levels
are falling. This will result in increased exposure of and damage to the
backing structures.
The Tan-y-Bwlch barrier beach has changed over time due to varying
conditions of sediment supply and sea level rise. Previously, the
barrier beach extended to Castle Rock but, was divided by the
construction of the harbour. The beach was previously much wider
and possibly higher than it is at present.
In the 1970s it was estimated that the barrier volume had reduced by
approximately 1,000 m3/yr over the prior 200 years (Wood, 1978) and
that the general landward retreat of the whole barrier is about 0.4m/yr.
The maximum rate of retreat is occurring in the middle section of the
beach (Pethick et al., 2003), where it is most vulnerable.
Tan-y-Bwlch is in a delicate state of balance. There is some indication
of progressive erosion of the southern end of the frontage and
eventually this may retreat sufficiently to result in loss of integrity of
the central section of the beach. Within a 50-year period it would be
expected that a breach would occur, with associated relocation of the
river mouth. This would have significant effects on both the Ystwyth
floodplain and the harbour, which would no longer be flushed by the
river discharge.

Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
Aberystwyth Coastal Defence Strategy (Jacobs Babtie, 2006).
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C.1.15

Unit 15 – Aberystwyth North
Picture:
Aberystwyth
beach from
Constitution
Hill.

Description

This short west facing unit is situated at Aberystwyth, in the centre of
Cardigan Bay. It comprises the bay fronting Marine Terrace and
Victoria terrace, between the rock outcrops of Castle Hill and
Constitution Hill; and is split into two beaches by the Bath Rocks.

Geology and
Physical
Controls

The geology of this unit consists of Aberystwyth Grit series that
includes a range of rock types such as greywacke, sandstone, fissile
shale and mudstone. The series has been folded and faulted and now
has a range of bed orientations and dips exposed at the coastline.
The principal controls are the Castle Rocks and the raised shore
platform below Constitution Hill, which provide some protection to the
unit and acts to retain material within it. In addition the Bath Rocks
acts to stabilise the beach and reorient local drift.

Geomorphology

This unit begins and ends with hard rock platform fronting resistant
cliffs, although at Castle Hill the cliffs have been protected with
seawalls.
Within the bay is a sandy gravel groyned beach, backed by defences,
and which is divided by the rocky outcrop of Bath Rocks.

Wave Climate
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Waves in this region are best described by the wave rose shown
above, which is taken from Jacobs Babtie (2006) and was derived
from six years of Met Office data for location 52.50N, 4.50W. It can be
seen that the predominant wave direction is the west and westsouthwest. The largest waves, of over six metres, approach from the
west.
Erosion and
Flood Risks

The original SMP recognises that beach erosion can be high, but
variable throughout this unit. The seawalls prevent loss of the
seafront. Erosion was not highlighted by the Aberystwyth Coastal
Defence Strategy (Jacobs Babtie, 2006).
There is relatively low-lying land behind Marine Terrace, which would
be liable to flooding in the absence of defences.

Sediment
Dynamics

Castle Rocks has a wide clean rock foreshore, backed by high
masonry walls. Any sediment moved into the area is swept
northwards by the action of waves running along the face of the wall.
There is a limited supply of sediment to the unit from the south. Some
finer material may also be brought in from offshore. Small losses of
sediment occur at the north, around Constitution Hill. This northerly
loss is reduced by a groyne, and will tend to diminish over time as the
beach volume falls. Any material that does pass to the north is lost.

9t9001/R/303895/PBor
February 2011

Appendix C Annex 2
- Annex 2. 48 -

Consultation

The beaches fronting Marine Terrace and Victoria Terrace are closely
linked and exchange sediment above and behind Bath Rocks. The
Marine Terrace beach tends to be higher than that along Victoria
Terrace, which has suffered erosion. This erosion has resulted in the
installation of rock protection along the seawall toe, to reduce scour.
Bath Rocks acts as a reef sheltering the central part of the unit and
bend waves into its lee.; this results in a local build up of material
around the rocks.
The net drift is from south to north along Castle Rocks and Marine
Terrace, and the original Shoreline Management Plan estimates the
rate to be 3000 m3/yr. A southerly net drift was estimated over the
southern section of Victoria Terrace, although given the relatively
closed nature of this sedimentary unit any net drift in the area must be
small.
Given the semi-closed nature of the beach within this frontage, any
action to retain material in one area would result, in loss elsewhere.
Structures and
Defences

The unit is strongly influenced by management interventions. The
seawalls prevent growth of the bays, and the release of fresh
sedimentary material. They also cause wave reflection at high tide,
which under certain conditions promotes beach scour and the loss of
material offshore. Rock armouring has been placed along some of the
unit to reduce this effect. The groynes help to reduce the movement of
material through the unit. The groyne below Constitution Hill helps to
retain sediment within the unit.

Historical and
Future
Shoreline
Evolution

Originally the beaches in his unit were wider and more continuous, but
have reduced in volume and become increasingly divided by Bath
Rocks. Beach reduction is expected to continue, however shoreline
retreat is currently prevented by the continuous defence.
Under natural conditions the beach would retreat and be supplied with
material from the south, and from erosion of the backing cliffs and
shore platform. Downwearing of the gravel would be compensated by
release of fresh material through shore retreat, and this would allow
the beach volume to attain quasi-equilibrium.
Retreat has exposed the rock outcrops at both ends of the bay, and
the central rocks. These tend to fix the beach close to them and
diminish wave activity locally, and this has allowed the two shallow
bays to begin to form. These bays generally reduce the alongshore
transport of material, and so help to retain material within the unit.
Over time these bays would continue to grow, forming more
pronounced curves.
As the beach volume decreases and sea level rise the defences will
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become more exposed to larger waves. There will be a resulting
increase in wave impact forces and wave uprush. There is also likely
to be an increased incidence of gravel being carried over the walls
onto the road. Should there be a substantial breach in the defence a
flood corridor may be opened into the town.
Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
Aberystwyth Coastal Defence Strategy (Jacobs Babtie, 2006)
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C.1.16

Unit 16 – Aberystwyth to Upper Borth
Picture: Upper
Borth, from
Borth.

Description

This west facing unit is in the centre of Cardigan Bay. It extends from
Constitution Hill, north of Aberystwyth, to the settlement of Upper
Borth. It includes Clarach Bay, where a holiday village is situated, and
Wallog, where Sarn Gynfelyn reaches the coastline.
The unit is characterised for the most part by cliffs. The exceptions to
this are the beach of Clarach Bay, where the Afon Clarach discharges
to sea and Wallog.

Geology and
Physical
Controls

An outcrop of the hard Aberystwyth Grits is present between
Aberystwyth and Clarach Bay. The backshore of Clarach Bay is
glaciogenic, dating from the start of the late-glacial period. Outcrops of
the Aberystwyth Grits are again present between Clarach and Craig-yDelyn, some 1.5km south of Borth. Wallog is composed of clay. From
Craig-y-Delyn to Borth are Borth Mudstone.
Mid way along this unit, at Wallog, is Sarn Gynfelyn, a shore
perpendicular gravel moraine reef.
The unit is generally controlled by its hard rock cliff line. The
development at Clarach is influenced by the hard cliffs to either side,
and also a rock scar to the north and the flow of the Clarach.
The sarn influences the coastline at Wallog (causing foreshore
accretion) and has broader effects on the wave climate.

Geomorphology

Over most of the frontage the geomorphology is dominated by hard
rock processes, involving the slow ongoing erosion of shore platforms
and undermining of steep cliff faces, leading to intermittent cliff
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failures. Small localised beaches collect at the toe of the cliffs, but do
not influence their long term recession rate.
Clarach Bay and Wallog are exceptions. At Clarach a beach has
formed across the low glacial valley. Under natural conditions beach
material would be readily supplied through shoreline retreat. The Afon
Clarach runs to the southern side of the valley, before flowing parallel
to the coast and cutting out towards the northern end of the bay. It is
unclear whether this diversion of the river is man-made or a natural
spit development. The river is regularly blocked by shingle and its
entrance is cleared by the Environment Agency.
The hard cliff line is interspersed with sections of softer material. The
harder sections control the rates of erosion of the softer areas. At a
local level, intertidal outcrops of rock strongly influence the form of the
beaches.
Wave Climate

Waves in this region are best described by the wave rose shown
above, which is taken from Jacobs Babtie (2006) and was derived
from six years of Met Office data for location 52.50N, 4.50W. It can be
seen that the predominant wave direction is the west and westsouthwest. The largest waves, of over six metres, approach from the
west.
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Erosion and
Flood Risks

The original SMP noted erosion of the cliffs at Clarach and Wallog.
There is one area of relatively extensive flood risk at Clarach. Flood
vulnerability at present is associated with the river, most frequently
when it is blocked.

Sediment
Dynamics

There is a general drift to the north over most of the frontage.
There is little sediment input from the south, but possibly more
significant quantities leave the unit to the north. There is probably a
weak feed of coarse material from the cliffs south of Clarach on to
Clarach Beach.
The weathering of the cliffs provides some beach material, particularly
in the north. There may be some limited transfer of material from the
nearshore to the beaches.
The nearshore area is strongly influenced by the sarn. This feature
has caused sediment accumulation and influences the local wave
climate. To the south of the sarn, the seabed shelves so gently that
the 5m isobath is, in places, over 1km offshore. To the north of the
sarn, the 5m isobath approaches the base of the cliffs.
Locally within Clarach Bay, there may be some net drift reversal (i.e.
towards the south) over the northern end of the bay. Photographic
evidence shows variation in material type forming the beach at
Clarach; sand has been replaced by shingle in recent years.

Structures and
Defences

At Clarach there are a collection of defences at the top of the beach
comprising seawalls and rock armour. In addition there are small local
defences at Wallog.

Historical and
Future
Shoreline
Evolution

The predominance of hard rock geomorphological processes means
that in most places this shoreline retreats slowly. Recession has been
estimated as being of the order of 0.1m/year. Shore platforms
gradually wear down, allowing waves to attack the base of the hard
cliffs, ultimately leading to undermining and cliff failure.
Accelerated sea level rise will submerge shore platforms, allowing
larger waves to attack the cliffs. This will lead to an increase in the
(low) cliff recession rates. Increased recession rates will lead to more
frequent rockfalls, increasing supply to local beaches. Erosional
pressure will be greater at Wallog, than in the other cliffed areas,
although the sarn will continue to provide protection.
There is also a trend of erosion generally along the Clarach
backshore. This will increase under accelerated sea level rise, as the
beach rolls back into the valley. This may lead to a breach in the
defences and an associated coastal flood risk in the valley.
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Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
Aberystwyth Coastal Defence Strategy (Jacobs Babtie, 2006).
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C.1.17

Unit 17 – Borth and Ynyslas
Picture:
Ynyslas beach,
showing the
gravel ridge
and defences.

Description

This west facing unit is in the centre of Cardigan Bay. It extends north
from the hard rock cliffs of Upper Borth, across the Dovey estuary to
the head of the Ynyslas spit. The unit includes the settlements of
Upper Borth, Borth and Ynyslas.
The Afon Leri runs behind most of this frontage in an artificial
channel, before discharging into the Dovey estuary. The Dovey
estuary is described in the Estuaries Assessment.

Geology and
Physical
Controls

The Upper Borth headland to the south (which is composed of Borth
Mudstone), and sarn Gynfelyn, both influence the local wave
characteristics and the shape of the shore.
Low rock at Ynyslas has anchored the spit, and influenced its
development.
The estuary has clearly been an important influence on the frontage,
and this is discussed in the Estuaries Assessment.

Geomorphology

North of Upper Borth this is a defended beach frontage that, for most
of its length, has a sandy lower component with a gravel upper beach.
Close to the spit head the gravel gives way to wide sandy dunes.
The settlement of Borth, and the Borth Bog is protected from the sea
by a shingle ridge backed by a timber breastwork for the first 4 km.
This gives way to the sand dunes partially fronted by cobbles at
Ynyslas. There is an outcrop of rock at Ynyslas, set slightly back from
the shoreline.
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Wave Climate

The nearest ocean point at which the original SMP provided wave
conditions is at 52°30’N, 4°28’W. Here the most frequent and largest
waves come from the west and west southwest, with relatively broad
distribution of angles due to the southern exposure.
The Futurecoast database provides inshore wave data close to this
unit at Aberdyfi. The dominant wave directions are shown to be
between 240° and 330°, with wave heights of up to 3.75m between
300° and 330°.

Erosion and
Flood Risks

Erosion was recognised at two locations on this frontage by the
original SMP, a persistent but not quantified rate of erosion at the
centre of Borth village, and a rate of 0.5m/yr at Ynyslas, where the
shingle bank was retreating but was then protected.
There is a large area flood risk area behind this frontage, this is
increased by fluvial flood risk from the Afon Leri.

Sediment
Dynamics

There is some sediment supply from the south, principally in the form
of small to medium fragments of rock. New slabs of material break
down, possibly leaving only 50% as solid gravel. There is some loss
of both sand and gravel at the northern end of the unit, although the
degree to which material is then recycled into the nearshore area is
uncertain. Almost certainly, there is an estuary-driven circulation of
sand from the north, feeding the foreshore and nearshore area. The
river Dovey also introduces sediment into the Dovey estuary and the
Ynyslas spit.
The influence of the estuary begins at approximately the point where
isobaths deviate from being parallel to the beach, and the change in
character of the nearshore beach can be seen in 1948 air
photographs, prior to the construction of the present defences at
Borth. This location is not precise and represents a gradual change
from open coast to estuary (Posford Duvivier, 1993).
There is considerable onshore–offshore movement of sand. Material
also moves back and forth along the main frontage, so that any major
restraint on this movement, or a loss of material in one section, may
have impacts elsewhere.
The two elements of the beach, the relatively flat sand foreshore and
the backing gravel bank, may have quite different behaviour. Analysis
of the gravel drift indicates a good degree of equilibrium with the net
wave climate, within a highly dynamic regime. Towards the southern
and northern ends of the unit there is an indication that the net drift on
the gravel ridge may be to the south. This is supported by the general
accumulation of material in the south, the relative stability of the
shingle bank just to the north of the village and the frequent dearth of
material in front of the village and at the north end of the unit.
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As well as comprising the beach, sand makes up the lower foreshore
and nearshore sea bed extending several kilometres offshore and
covering the whole area around the mouth of the Dyfi Estuary.
Records show that the level of sand varies quite considerably, and
although there are areas where the submerged forest is exposed
regularly, other areas may have been covered with sand for long
periods of time only to be stripped to the bare clay during a storm.
Tidal current information in the area is sparse and the influence of
currents on the regime is uncertain. It is reported that flow over the
northern section of the unit is flood dominated, with flows to the north.
This needs to be examined in more detail.
The unit is exposed to high westerly winds, which carry the finer
sediments landward from the foreshore. This has clearly contributed
to dune growth.
Structures and
Defences

See Table 10 Wales dune study
The estuary is dredged.

Historical and
Future
Shoreline
Evolution

Some 8,000 years ago, it is believed that this frontage developed
approximately 1 km seaward of its present position. Within its
protection an oak and pine forest developed, the remains of which
can be seen along the beach. During periods of submergence the
frontage was ‘rolled’ back to its present position; anchored and
controlled by the headland to the south, and constrained by the rock
at Ynyslas. This rock, outcropping some distance inland, but
submerged below littoral material at the shore, has effectively created
a division of the frontage; to the south is a shallow embayment and to
the north is an active spit, largely controlled by the dynamics of the
estuary. Over the last century the Ynyslas spit has extended
northwards, narrowing the estuary inlet.
The Ynyslas dunes are at present at least stable, and probably
accreting. The coastline fronting them has accreted seaward by an
average of 0.3m/y since 1887.
The shingle bank has been held in place for some time by the manmade defences; the earliest record of defence is understood to have
been in the 1930s. The various works have stiffened the shingle bank
and have reduced the movement of material along the frontage. The
natural pattern of evolution may result in a gradual loss from the
beach by attrition, and by loss to the Ynyslas Spit. This would result
eventually in a breach, or series of beaches in the shingle bank. It is
unlikely that these would be self repairing, and the frontage as it is at
present would disintegrate.
Flooding would become a regular feature of the area and would
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negate any benefit in maintaining the defence banks of the Afon Leri.
There is no reason to believe that the Leri would not return to its
former outfall position on the main coast south of Ynyslas. This would
disrupt the flows within the Afon Dyfi and may lead to further accretion
within the estuary.
Pye and Saye (2005) predict that, over the 21st Century, the shoreline
will remain quite stable around Borth, but will retreat for most of its
length north of the Leri Brook. This retreat will reach a maximum of 25
metres at south Ynyslas. They project that north of Ynyslas the
shoreline will stabilise, and the tip of the spit will extend by up to 180
metres.
Information
Sources

Central Cardigan Bay Shoreline Management Plan, Volume II:
Supporting Document (Posford Duvivier, 2000).
Posford Duvivier (1993) Borth Coastal Study,
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005.
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C.1.18

Unit 18 – Dyfi Estuary to Afon Dysynni
Picture:
Aberdyfi Dunes

Description

This west-southwest facing unit is situated in central cardigan Bay. It
extends from the mouth of the Dyfi Estuary to the Afon Dysynni and
includes the Aberdyfi dune system, and the protected frontage at
Tywyn.
The two estuaries at the boundaries of this unit, the Dyfi and Dysynni,
are described in the Estuaries Assessment.

Geology and
Physical
Controls

The high ground of this unit is mostly composed of mudstones, shales
and sandstones of Ordovician and Silurian age, overlain in some
locations by Pleistocene glacial deposits. Glacial boulder clay extends
NE-SE across the Tywyn area, which was deposited by ice flowing
westwards towards the present day coast, along the valleys of the
Afon Fathew and Afon Dysynni (Pye and Bloot 2006).
To the south of the Tywyn promontory the glacial till lies below a layer
of wind blown sand, peat and alluvial marine deposits.
The barrier system between Aberdyfi and Tywyn occupies a shallow
embayment that is bounded by the control points of the high ground
at Ffridd Cefn-isaf in the south and the Tywyn promontory to the
north. The Dysynni estuary separates the Tywyn promontory from the
high ground at Tonfanau, which is also a control point for this section
of the coast.
At a smaller scale the artificial controls on this unit include hard points
at Tywyn, drainage outfalls, particularly the structure at Penllyn,
sections of rock protection, and World War II concrete observation
points.
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Geomorphology

Between the high ground at Ffridd Cefn-isaf near Aberdyfi and at
Tywyn, is the Aberdyfi dune system. These are part of a complex
sand and gravel barrier system that is attached to the high ground
north of Aberdyfi, and extends northwards towards Tywyn. The dunes
and associated gravel ridge connect the old cliff line at Aberdyfi to the
glacial till covered higher ground at Tywyn. Behind the barrier is an
area of low lying ground comprising an undulating sandy sheet and
marshy areas. There are two distinct areas of dunes in the north and
south of the barrier system, separated by a gravel ridge (Pye and
Bloot 2006).
Between the mouth of the Afon Dysynni and the north of Tywyn, the
hinterland is low lying and the shoreline is formed of a natural shingle
bank with artificial armour stone construction.

Wave Climate

The original SMP derived an inshore wave climate for this unit. This
shows a predominant wave direction of between west and southsouth west, with wave heights of over 2m from these directions.
The Futurecoast database provides inshore wave data close to this
unit at Aberdyfi. The dominant wave directions are shown to be
between 240° and 330°, with wave heights of up to 3.75m between
300° and 330°.

Erosion and
Flood Risks

Pye and Saye demonstrated that, over the last 100 years, the
southern most two kilometres of this coast have retreated (in contrast
to the depositional south facing Aberdovey frontage). The next two
kilometres further north have been stable.
South of Tywyn the shoreline is formed of a shingle bank that has
been occasionally reinforced with slate boulders. This section of
shoreline at Penllyn is presently vulnerable to breaching, with
hinterland flooding during storms.
There is evidence of beach erosion along the low lying frontage
between Tywyn and the Afon Dysynni, and along the Tywyn sea front.
Between the Afon Dysynni and the north end of Tywyn, the hinterland
is low lying and the shoreline is formed of a natural gravel bank and
artificial armour stone. There is evidence of beach erosion along this
frontage and, if the shoreline were breached, flooding would extend
far inland.

Sediment
Dynamics

Tywyn may be an area of sediment parting, with beach material
moving alongshore and, under shore normal wave conditions, directly
offshore (Pye and Bloot, 2006). The longshore drift is weak here,
approaching zero to the south of the town frontage, but becomes
southerly across the lower beach further to the south across the
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Aberdyfi Golf Club, with a weak net northerly drift across the upper
beach. This lower beach material passes into the Dyfi estuary
approaches, to form a spit influencing tidal waters within the estuary.
Pye and Bloot (2006) note sediment accumulation in Aberdovey
harbour and along the frontage west towards the golf course.
The man made protection of the Tywyn seafront has resulted in the
creation of a promontory within a sensitively balanced area for
longshore drift. The introduction of hard defences has temporarily
fixed the position of the coastline, and as the shore recedes on either
side, Tywyn becomes a promontory. This has resulted in `null points'
of longshore transport at either end of the Tywyn frontage so that only
the on-offshore movement of beach material is significant across
Tywyn itself. As such, the groynes are unsuitable to hold an elevated
beach and now serve only to trap the weak longshore drift in certain
sea states, and to hold longshore flows across their extremities for
stages of the tidal cycle. The prospect for beach levels at Tywyn is
continued lowering with consequent threat to sea wall and groyne
integrity, unless there is significant onshore movement of beach
material, which is unlikely. The hard defences of Tywyn run into the
armour protected railway length to the north, and it is likely that the
northern `null point'for longshore drift occurs within that frontage.
There is a serious loss of sand here. The rotation of shoreline in an
anti-clockwise direction south of Tywyn due to the hard protection is
likely to have reduced northern drift. To the north of the hard
protection to the railway, the shoreline has rotated clockwise thereby
increasing northerly drift. These two reorientations have effectively
starved both the Tywyn and railway defended frontages of beach
material.
From the northern limit of armourstone to the outlet of the Afon
Dysynni, the natural shingle bank protection is now embayed, and the
longshore drift at the Dysynni river outlet is clearly northward across
the upper beach. This outlet is now effectively fixed by the slate
boulder wall along its southern side, although it is likely to have been
located further seaward previously. It is possible that southerly
longshore drift is small across the Dysynni outlet so that the beach
material available to form the shingle bank south to Tywyn is being
`stretched'alongshore as the soft linking shoreline recesses
landward. The origin of the gravel forming this section of shoreline is
likely to be historic, originating from the Tywyn boulder clay and
Dysynni outlet channels, prior to human intervention in the area.
Between Tywyn and the Aberdyfi Golf Club is low-lying land in the
Penllyn area. The natural defence of gravel and dune has now eroded
so that the hinterland is flooded during storms. Some sections of
shoreline have been reinforced with slate boulders, but this work is
limited. The net northward drift at the shoreline is not being
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replenished from the south, due to wider foreshores and recessed
sections within the Golf Club dune frontage. As valuable material
diminishes protection is reduced and frequency of flooding increases.
In addition the beach is now only a veneer of sand over peat and clay.
This underlying material is periodically exposed, suffering erosion with
dislodged material moving away and effectively lost from the beach
system. Unless there is intervention at Penllyn the hinterland will be
more regularly flooded and during extreme events this is likely to
disrupt longshore processes with the creation of rip channels as the
hinterland drains on the ebb tide.
The Estuaries Assessment within this SMP review concluded that
there is little interaction between the Dysynni Estuary and the open
coast.
Structures and
Defences

The Tywyn frontage is defended by a continuous sea wall and a
series of timber groynes alternating long and short.
See Pye and Saye

Historical and
Future
Shoreline
Evolution

The landward movement of the low water mark in front of Aberdyfi
Golf Club has been between 100 and 200 metres over 87 years (1896
to 1983). The combination of coastal works and natural processes at
Tywyn has resulted in significant beach steepening. The landward
movement of low water mark off Tywyn has been approximately 50 m
over sixteen years (1975-1991). This observation should be
considered in the light of the coastal works installed across the Tywyn
seafront, including construction of timber groynes, which would
influence the high water line. The Tywyn seawall will come under
increasing threat in the short term.
There has been local seaward advance of the high and low water
lines at the Dysynni outlet.
Between 1887 and 2002 the south facing frontage of Aberdyfi
advanced by around 1.5 m/year (Pye and Saye, 2005) and the WestSouthwest facing coast retreated in the south, by around 0.2m/year
on average. This retreat leads to erosion of the Aberdyfi dunes. There
are also public trampling pressures near Aberdyfi so that the dunes
will progressively disintegrate without intervention in the medium
term. There has been a scheme of sand emplacement along the
dunes that front the Golf Club, which has reduced the chance of
overtopping and flooding of the land behind. Pye and Saye (2005)
reviewed the potential impacts of future climate change on the
Aberdyfi dune system. It was concluded that for the open coast
frontage it is likely to recede 20 to 50 m by 2080, dependant on the
magnitude of future climate change.

Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
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Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Pye, K. and Saye, S.E. (2005) The geomorphological Response of
Welsh Sand Dunes to Sea Level Rise Over the Next 100 Years and
Management Implications for SAC and SSSI Sites Report Number
670, Countryside Council for Wales, Bangor
Pye and Bloot (2006) The geomorphology and environmental context
of the Aberdovey coastal dune system, commissioned by Aberdovey
Golf Club.
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Unit 19 –Afon Dysynni to Ro Wen
Picture: The Ro
Wen spit

Description

This west-southwest facing unit is situated in the central part of
Cardigan Bay, south of Barmouth. It extends between the estuaries of
the Afon Dysynni in the south and the Afon Mawddach in the north. It
is mostly comprised of soft eroding cliffs, with some outcrops of hard
rock. At its northern limit is the Ro Wen spit, which fronts the town of
Fairbourne.
The Dysynni and Mawddach estuaries are described in the estuaries
assessment.

Geology and
Physical
Controls

The main physical controls on this unit are the high ground at
Tonfanau and the hard rock outcrops at Ogof Owain, Rola and
between Gwastadgoed and Ro Wen.
The rocks between Tywyn and Barmouth consist of marine
mudstones and turbiditic sandstone, with evidence of volcaniclastic
debris. Along the coast this is overlain by glacial till.
From Tonfanau to the rock cliffs of Gallt Ffynnon yr Hydd to the north
of Llwyngwril, the height of the glacial till cliffs varies from a few
metres along the Llwyngwril frontage to over 20m at Llangelynin.
Offshore of Tonfanau a 5 km gravel bank moraine, known as Sarn y
Bwch, extends into the Irish Sea on a south southwest axis.

Geomorphology

The unit begins at Tonfanau with low clay cliffs, fronted by a gravel
beach over a sandy foreshore. North of Rola the cliffs disappear and
are replaced by a gravel bank. Moving eastward the shoreline is
formed of shingle and cobble banks whose material is most likely
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derived from cliff erosion south of Rola.
The cliffs reappear towards Gwastadgoed, and after a short length of
soft cliff, hard rock outcrops again and continues to Ro Wen. This
section of shoreline has a narrow intertidal zone. Further to the northeast, the Gallt-Ffynnon-yr-Hydd gives way at the shoreline to the
development of the Ro Wen.
Ro Wen comprises a sand-shingle spit indicative of an historical
northerly longshore drift. The northern limit of the Ro Wen is now
controlled by estuarial flows, as modified by Barmouth pier and
Barmouth Bridge. It has shown little movement over the last century
indicating that net northerly longshore drift may now be quite weak.
Wave Climate

The original SMP derived an inshore wave climate for the Dysynni
North area. This shows a dominant wave direction between west and
west-southwest, with wave heights of over 2m from these directions.

Erosion and
Flood Risks

Railway line close to the coast
This is a retreating coast, but relatively sparsely developed and so
erosion risk is generally low. However, developments behind the
retreating Ro Wen may be vulnerable. Continuing erosion between
Rola and Ogof Owain will place the coast railway under threat.
If the Tonfanau promontory continues to erode there is little
immediate threat to hinterland infrastructure. However, the receded
promontory will increase erosion around the Dysynni outlet, and the
slate boulder breakwater may be outflanked. This erosion would
result in changed orientation and differential longshore movement of
beach material.
The Ro Wen shingle spit provides protection to Fairbourne, and past
interventions have disrupted natural spit behaviour. The longshore
drift feeding the spit from the south is likely to diminish over time so
that breaching is a possibility in the short to medium term.
There is a small area of flood vulnerability at Llwyngwril that would
affect numerous properties and the railway line. Behind the shingle
ridge of Ro Wen at Fairbourne there is a more substantial flood risk
area that links to the south bank of the Mawddach Estuary.

Sediment
Dynamics

The general direction of longshore drift is towards the north and east
throughout this unit. The estuaries assessment within this SMP
review found that the Mawddach estuary probably acts as a large sink
for sand sized sediments, drawn in from the open coast and
nearshore.
North of the Dysynni outlet eroding cliffs extend around the Tonfanau
promontory. Here boulder beds overlay the upper foreshore/ lower
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beach, increasing hydraulic roughness. As longshore transport drives
material across such areas, the coarse sand and shingle fraction tend
to settle out. This material is then available to be driven onshore by
wave action to form a beach against the cliff base. There is a
correlation here, and further north up to Tremadog Bay, between such
strip upper beaches and lower foreshore boulder beds.
Erosion of the soft cliff section of shoreline between Tonfanau and
Rola releases gravel-sized sediment, which feeds the gravel bank
defending the low-lying caravan parks and agricultural land at
Borthwen.
The gravel drift continues onto the Ro Wen spit, which does not
appear to have altered significantly over the last 100 years.
The influence of boulder beds upon the upper foreshore is seen near
Borthwen Point where the scalloped plan form of the shingle bank is
correlated with the boulder beds on the lower foreshore.

Structures and
Defences

Historical and
Future
Shoreline
Evolution

The railway is protected by a rock revetment to the north of Tonfanau
and a masonry seawall at Friog.
At Fairbourne there is an earth embankment at the rear of the beach
with a masonry crest wall.
From Tonfanau to Ro Wen the shoreline has generally retreated at
both high and low water. This trend is reversed at the mouth of the
Afon Dysynni and at Fairbourne.
The first section of this unit, between Ogof Owain and the Afon
Dysynni is retreating particularly rapidly.
Typical rates of low water recession between Tonfanau and the
northern end of Ro Wen have been 3 to 5 metres/yr (1975-1991) and
for high water 1 to 2 metres/yr (1975-1991); the beaches have
therefore steepened in recent times.
Between Rola and Ogof Owain the cliff is eroding but rates of
recession vary, due to geological variations and changes in foreshore
level and composition. Between Friog and Rola the cliffs at the
eastern end are subject to slow erosion.
To the north-east of Borthwen Point there is active erosion of the
hinterland, which is intensified around a stream outlet. The caravan
park has encroached too close to the shingle bank crest here, and it
is likely that some of the active shingle is now entrapped within the
development.

Information

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
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Sources

Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 67 -

February 2011

0

Unit 20 – Barmouth to Mochras Point
Picture:
Barmouth
beach

Description

This southwest facing unit is situated in northern Cardigan Bay. It
begins at the developed frontage of Barmouth, and extends north to
the cliffs of Mochras Point, adjacent to the mouth of the Afon Artro. In
addition to Barmouth it includes the settlements of Llanaber, Tal-ybont, and Llanenddwy, which is on the edge of the extensive Morfa
Dyffryn dune system,
The river Ysgethin discharges to sea at Tal-y-bont. The estuaries of
the Arto and the Mawddach are described in the Estuaries
Assessment.

Geology and
Physical
Controls

The most important physical control on this unit is the bedrock at
Barmouth. Other physical controls include hard defences at
Barmouth, railway defences around Llanaber, and the cliffs and sarn
at Mochras.
The rocks of this unit are the Arenig Volcanics. Between Barmouth
and Porthmadog these are a mixture of basalts, rhyolites,
volcaniclastic and sedimentary rocks. The cliffs at Llanaber are
formed in erratic rich boulder clay. The cliffs at Mochras Point are also
boulder clay. These are connected to the mainland by an
accumulation of estuarine sand.
There is evidence of a submerged forest at Morfa Dyffryn, which is
partially covered by wind blown sand. This is in the form of peat that
contains trees, roots and stumps.

Geomorphology

A long term surfeit of sand carried to this area has resulted in the
development of a coastal margin of vegetated sand, which builds from
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the south side of Tal-y-bont. This increases in extent with distance
north until becoming the extensive Morfa Dyffryn dune system.
Around Barmouth the shore is very wide and sandy. North of the town
gravel appears as an upper beach.
This gives way to a clay platform and boulder bed at Llanaber. The
natural sea defence of the frontage between Llanaber and Morfa
Dyffryn comprises a shingle ridge at the back of a sand beach
overlying a peat bed. This bed is now exposed in places and eroding.
Between Llanaber and the river Ysgethin the beach becomes
increasingly wide and sandy, and beyond the gravel ridge, is backed
by dunes. North of Llanddwyn is the large Morfa Dyffryn dune system.
The dunes are partially anchored by the clay shore of Mochras Point.
Sarn Badrig, a linear glacial cobble and boulder moraine, extends 18
km southwest from the coast at Mochras Point.
The Arto originally discharged south of Mochras Point, but was
redirected north.
Wave Climate

The offshore wave climate was analysed by Atkins (2005). This used
data for 1988 to 2004, at a location in Cardigan Bay (52.50N, 4.50W).
It showed a dominant wave direction from the west, with extreme
wave heights of around 4m.
The nearest inshore wave climate derived within the original SMP
was for Sunnysands. This revealed a dominant wave direction
between west and south-southwest, with wave heights of over 2m
from these directions. Atkins (2005) also derived inshore wave
climates for Islawffordd, this showed similar conditions to those
revealed by the SMP.

Erosion and
Flood Risks

The sandy coastal margin between the Llanaber railway frontage and
the Tal-y-bont has experienced erosion, which has prompted defence
of caravan park frontages. The Morfa Dyffryn dune system is also
receding.
There are areas of flood risk at Barmouth, Egryn Abbey and Tal-yBont.

Sediment
Dynamics

The Barmouth Breakwater has restricted flows entering the
Mawddach. The `blocking-off'of the old north channel has resulted in
a broadened upper foreshore, and increased wind-blown sand
problems within Barmouth town.
Longshore transport in this unit is towards the north. Atkins (2005)
report a numerical model based northerly beach sediment transport
rate of 350,000 m3/year in the area of the Sunnysands Caravan Park.
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The Estuaries Assessment found that both the Mawddach and Arto
estuaries are likely to act as sediment sinks; the Arto is dredged every
5-10 years.
North of the Afon Ysgethin outlet the shoreline is generally more
stable. Longshore channels can develop along this frontage
representing a potential threat to dune integrity.
Structures and
Defences

The Barmouth promenade extends northward and the intertidal zone
diminishes in width, with the tide line running into the sea wall at the
coastguard station. The groynes are buried beneath the beach
between the coastguard station and the Barmouth Breakwater. Along
the Breakwater itself the groynes are not very effective and some may
be having a detrimental effect on the local beach regime.
From the coastguard station moving northward the groynes become
progressively more active in holding longshore flows offshore, but
their length to the sea wall is too small to encourage significant beach
development inshore. Sea wall orientation changes in plan cause
noticeable alterations to beach levels and the longshore flows are
clearly directed towards Llanaber Point. The Barmouth defence steps
back landward at its northern end, and the groyne system here is
ineffective in holding a satisfactory beach against the sea wall.
See table 10 Pye and Saye
Llanaber Point forms a promontory, as the shoreline recesses to
either side. The Point has been substantially reinforced by a concrete
sea wall and, more recently, with heavy armour stone.

Around Llanaber, which is cliffed, a defended railway line runs along
the coast. Other defences protect holiday parks between Llanaber
and the point of discharge of the Afon Ysgethin.
Most of this coast is fronted by sand beaches, which are backed by
hard defences from Barmouth to north of Llanaber.
The caravan Parks at Sunnysands; Islawrfford and Barmouth Holiday
Village represent hard spots, where man-made defences have been
installed.

Historical and
Future
Shoreline
Evolution

The contemporary morphology of this unit, under natural conditions,
would be dominated by northward longshore sediment transport. This
would, in general, tend to denude the beaches fronting the cliffs in the
south, and promote cliff recession, and the release of fresh sediment.
The intervention at Barmouth has altered the littoral regime to the
north up to the Morfa Dyffryn dune frontage. The artificial hardening of
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the promontory at Llanaber has contributed to the littoral drift
alteration, and shoreline retreat is occurring on either side of the
Sunnysands Caravan Park frontage, and northwards to the outlet of
the Afon Ysgethin.
The high water mark at Barmouth has advanced seaward significantly
in recent years, whilst the low water mark has retreated. Further north
has been consistent recession of the high water mark. The beach has
therefore steepened at Barmouth with foreshore width decreasing by
30%.
Between 1896 and 1983 there was a net recession of low water mark
between Barmouth and Llanaber of some 100 metres whilst high
water has only recessed between 10 and 20 metres.
North of the reinforced Llanaber Point the shoreline is naturally
protected by shingle banks, but these are now overtopped and
shingle overspills into the lower hinterland have been observed. The
beach appears to be eroding suggesting that drift from the south has
reduced and the shoreline is recessing between fixed points.
The recession around and north of the defended Sunnysands
Caravan Park was the subject of a specific study. The report (Atkins
2005) quotes a recession rate of 0.8m per year at Islawrffordd.
Pye and Saye (2005) show general recession of the west-southwest
coastline fronting the Morfa Dyffryn dune system of around 0.2 m/year
(1887-2002). This recession reduces to zero at the Morfa point, and
gives way to a more complex pattern of recession and accretion along
the northwest facing section of coast. They predict that the dune field
will retreat by around 40 metres during the 21st Century.
Information
Sources

Atkins (2005) Barmouth Bay and Islawrffordd Numerical Modelling
Report, Barmouth Bay and Islawrffordd Holiday Villages Coastal
Evolution Investigation, May 2005. 47 pages.
Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005, 219 pages.
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Unit 21 – Mochras Point to Harlech Point
Description

This unit is in the north of Cardigan Bay, and forms the southern part
of Tremadog Bay. It extends from the cliffs at Mochras Island to the
end of the Morfa Harlech spit at the entrance to the estuary of the
Glaslyn/ Dwyryd. Most of this unit is fronted by low level soft cliffs or
sand dunes, with the only interruption being the mouth of the Afon
Artro at Llandanwg.
This is an undeveloped frontage, except for the village of Llandanwg.
From the village north to the edge of Morfa Harlech, a railway runs
along the coastline.
The estuaries of the Arto and the Glaslyn are described in the
Estuaries Assessment.

Geology and
Physical
Controls

There are boulder clay cliffs at Mochras Island, between Mochras
Point and Bar Newydd. To the north of Llandanwg is a till cliff over
30m in height.
The main controls on this unit are the cliffs at Mochras Island and
Llandanwg Point, and the outflow of the Afon Glaslyn, which controls
the spit of Morfa Harlech. The Lleyn peninsula provides protection
towards the northwest.

Geomorphology

Mochras Point is cliffed to Bar Newydd. These cliffs are generally
eroding but not dramatically, and sand/shingle strip beaches are
evident, often associated with boulder beds across the lower
foreshore. The cliffs run out into a rock-protected spit from Shell
Island running into the entrance to Afon Artro at Bar Newydd.
The tidal prism behind Shell Island is large and, as a consequence,
there is a significant flow during each tide. The present entrance to
the basin is relatively new, having been relocated from Mochras Point
during the last century. Both sides of the entrance have been
artificially strengthened and fixed.
From Llandanwg Point is an extensive section of coastal works
protecting the railway. The beach is formed largely of boulders; wave
and tidal currents acting to remove the smaller grained sediments. As
a result, there is little sand and shingle evident until the Harlech
dunes.
North of Harlech is the extensive Morfa Harlech dune system, which
is fronted by a sandy beach.

Wave Climate

This unit is situated just below the Lleyn peninsula, which provides
shelter from northerly waves.
Futurecoast provides an inshore wave point at Tremadog Bay. This
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also shows a predominant wave direction of between 210° and 240°.
The largest waves reported are up to 3.25m.
Erosion and
Flood Risks

Erosion of the cliffs is occurring at Mochras Island; however this
frontage is undeveloped. There has been human intervention for
navigation in the Afon Artro basin resulting in altered exposure at
Llandanwg, where the dunes are suffering from `squeeze'
; erosion to
seaward coupled with development pressure to landward.
There are significant areas of flood risk behind Mochras Point at
Llanbedr and around the Afon Artro. At Morfa Harlech there is also a
significant area of low lying land.

Sediment
Dynamics

The net longshore drift is eastward from Mochras Point, and then
northward along Morfa Harlech. The Afon Artro entrance perturbs this
longshore drift, but only locally.
Erosion of the Morfa Dyffryn dunes provides material which is carried
in to this unit from the south.
The erosion of the soft low-level cliffs between Mochras Point and
Morfa Harlech provides an additional internal source of sediment.
The estuaries assessment found that the Glaslyn/ Dwyryd estuary is
likely to be a substantial sink for sand sized sediments from the
coastal zone and offshore.

Structures and
Defences

See Pye and Saye (2005)
To the northeast of Bar Newydd the entrance to the Arto has been
constricted by a breakwater linking to Llanbedr Sailing Club.
Presumably, this structure was introduced to increase draft in the river
basin nearby and within the outlet channel. It is likely to have had an
adverse impact upon the shoreline to the north east towards
Llandanwg promontory. The vertical profile of the breakwater and its
location relative to tide levels suggest that energies are redirected
now on to the dune frontage leading to Llandanwg Point.

Historical and
Future
Shoreline
Evolution

The Morfa Harlech spit has shown significant growth over the last
century (Pye and Saye, 2005). This growth was most strongly
expressed at the head of the spit in the first half of the 21st Century,
where it has since slowed. Elsewhere along the Morfa Harlech dune
frontage the shoreline has advanced consistently and more steadily
since, at least 1887. The rates of accretion have generally increased
with distance along the frontage from Harlech.
The growth of the spit is associated with, and probably due to, a
decrease in the capacity of the estuary (Steers 1939). A low water
spit does periodically develop from Harlech Point indicating a process
of recycling to the nearshore zone.
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The advance of the Morfa Harlech frontage has been coupled with
foreshore steepening. Between 1950 and 1972 the foreshore
consistently narrowed. No information on foreshore change is
available since 1972, due to unreliable mapping. Between Mochras
Point and Llandanwg the shoreline is retreating but has only reached
a position previously recorded 100 years ago.
Pye and Saye 2005 estimated the future development of the Morfa
Harlech shoreline over the 21st Century. A range of future positions
were estimated, using historical trend analysis, the ‘Bruun rule’ and
expert geomorphological assessment. These methods revealed quite
wide uncertainty. They estimated that the (southern) root of the spit
would retreat by up to 35 m, and that the head of the spit would
extend by up to 35 m. The point of zero change was located mid way
along the spit.
Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Steers, J.A. (1939) Sand and shingle formations in Cardigan Bay.
Geographical Journal, 94, 209–27.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005.
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C.1.22

Unit 22 – Morfa Bychan to Pen-ychain
Description

This unit extends west along the south side of the Lleyn Peninsula,
from the dunes of Morfa Bychan to the headland of Pen ychain. It
includes the outlets of the Afon Dwyfor and the Afon Wen, and the
settlement of Cricceth. A holiday park is situated in the west, and a
railway line runs along the coast in two areas.

Geology and
Physical
Controls

The main physical controls on this unit are the rock outcrops at Graig
Du, Criccieth and Pen Y Chain. Graig Du is a dolerite outcrop, at
Criccieth the castle sits on top of a rhyolite outcrop and the rocks at
Pen-y-chain are felsite (Posford Duvivier, 1991).
To the east of Criccieth the cliffs are about 10m high and composed
of blue-grey till at the base and gravelly till higher up. Significantly
thicker deposits of boulder clay are found to the west of Criccieth,
where the cliffs reduce in height from 15 m to just a few metres at the
Afon Dwyfor and then rise again to 15 m at Glanllynnau before falling
away again to the railway defences at Afonwen. To the west of the
Dwyfor the coastal cliff reveals a sequence of glacial deposits. There
is also a length of low clay cliff between the Wen and Pen ychain.

Geomorphology

Morfa Bychan comprises a wide extensive sand flat that is fringed by
a relatively low but wide series of dune ridges, which are fronted by a
wide sandy foreshore. Backing the dunes are cliffs of hard Cambrian
rocks.
Between Graig Ddu and Rhiw-for-fawr the frontage is characterised
by a shingle ridge (which becomes progressively coarser towards the
east) backed by dunes, and lowland and fronted by a shingle
foreshore. The lowland comprises a freshwater marsh that grades in
places to a shallow lake.
Between Rhiw-for-fawr and Pen-ychain the frontage is characterised
by outcrops of gently rising glaciogenic platform (Cerrig y Barcdy to
Glanllynnau and from Ty ‘n Morfa to the Afon Dwyfor) between
sections where the glacially derived material becomes cliffed
(Glanllynnau to Ty ‘n Morfa and from the Afon Dwyfor to Rhiw-forfawr). A broad shingle bank forms a spit across the course of the Afon
Dwyfor, which discharges at the eastern end over a widening
foreshore. Fronting the glaciogenic platforms and cliffs are foreshores
comprising shingle which become progressively sandier to the west.
The outlet of the Afon Dwyfor appears to have caused the distortion
of the shoreline seen as a step landward on its eastern side. On
either side of the river shingle has built up as a low bank. Beyond the
river is an area of low lying marsh, enclosed by the railway
embankment. Along the frontage the foreshore comprises a mixture
of sand and gravel. The marsh is connected to the sea by culverts.

Wave Climate

The original SMP describes inshore wave conditions at Cricccieth.
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This shows a dominant wave direction from the south-southwest, with
little deviation. Wave heights from this direction are up to 2m.
Futurecoast also provides an inshore wave point for Tremadog Bay.
The dominant wave direction is between 210° and 240°. Wave
heights of up to 3.25m are shown between 210° and 240°.
Erosion and
Flood Risks

The defences around Criccieth and the holiday park in the west
indicate recessive potential at these developed frontages.
There are areas of flood risk in this unit associated with the Afon
Dwyfor and Afon Wen. In addition west of Graig Ddu is a significant
are of flood risk that includes the railway line, and extends inland to
Pentrefelin.
The railway is a major asset situated on soft erosional landforms and
its vulnerability should be assessed.

Sediment
Dynamics

With the exception of the frontage immediately in the lee of Pen-yChain, analysis indicates a predominant strong eastward drift
between Pen-y-Chain and Criccieth. The sediment supply in this area
is low and, therefore, the full potential drift rates are unlikely to occur.
This estimation is supported by the apparent eastward displacement
of the point of discharge of the Dwyfor.
The estuaries assessment found that the Glaslyn/ Dwyryd estuary is
likely to be a substantial sink for sand sized sediments from the
coastal zone and offshore.

Structures and
Defences

There is small revetment at Black Rock Sands.
At eastern Criccieth there are several sections of seawall and
revetment, and the concrete and masonry breakwater. In addition
there are several slipways. While to the west of Criccieth Castle a
concrete seawall and timber groynes protect Marine Crescent.
The mouth of the Afon Dwyfor is protected by a deries of flood
defence embankments.

Historical and
Future
Shoreline
Evolution

To the east of the Afon Wen the railway is protected by a revetment
and seawall. While to the west a rock embankment and steel piling
are located in front of the Butlins Holiday Park.
Photographs from the beginning of the 20th century show Morfa
Bychan without any forward dune face, but with a wide sandy
foreshore. It has been recorded that the Morfa progressed seawards
during the 20th Century, most noticeably during the 1940s and 1970s,
and it was during these periods that the dunes began to build in
height. Some erosion has occurred since the 1970’s. Given the sink
potential of the Glaslyn estuary, and accelerated sea level rise, the
growth of the Morfa Bychan should not be expected to continue.
Eastwards movement of the eroded sand and shingle from the
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glaciogenic cliffs between Glanllynnau to Ty ‘n Morfa has deflected
the mouth of the Afon Dwyfor by about 1.5km, which is now held in
position by an outcrop of glaciogenic material on the east side of the
river. Over the past century, the glaciogenic cliffs along this frontage
have displayed low recession rates and historic maps indicate there
has been much fluctuation in the low water mark, particularly in the
areas of the glaciogenic platforms, resulting in variable foreshore
widths. The cliffs are eroding at a rate of about 0.3m per year on
average but this varies.
The shingle bank east of the Afon Dwyfor has extended slightly since
the 1940'
s indicating a low drift of material from the west across the
Dwyfor.
Erosion continues between the Afon Wen and the Afon Dwyfor
although at the mouth of each of these rivers there has been some
accretion. Despite attempts at groyning the clay cliffs west of Criccieth
(started in the 1930'
s; Steers 1939) erosion continued there.
Erosion of the glaciogenic cliffs in this frontage will increase as sea
level rise narrows the shore platform, allowing larger waves to attack
the cliffs. This will release a greater supply of sand and gravel, which
would then travel eastwards. The eroded sediment would supply the
beach and ridge to the east of this frontage.
With rising sea level the shingle ridge which fronts the Afon Dwyfor
could be subject to pressure, particularly at high water, potentially
resulting in erosion of the ridge and eventual breaching. This,
combined with natural roll back of the bank, could result in a
permanent breach, resulting in flooding of the hinterland and the
formation of a new outlet to the sea for the Dwyfor. Such development
would be mitigated, but not negated, by the additional influx of
material from the west.
Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Atkins (2005) Barmouth Bay and Islawrffordd Holiday Villages Coastal
Erosion Investigation.
Posford Duvivier (1991) South Lleyn Peninsula: Preliminary coastal
study.
Steers, J.A. (1939) Sand and shingle formations in Cardigan Bay.
Geographical Journal, 94, 209–27.
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Unit 23 – Pen-ychain to Mynydd Tir-y-cwmwd
Description

This unit is situated at the eastern end of the southern coast of the
Lleyn Peninsula. It extends over three bays, between the headlands
Pen-ychain and Mynydd Tir-y-cwmwd. It includes the settlement of
Pwllheli and the points of discharge of the rivers Erch, Rhyd-hir and
Penrhos.

Geology and
Physical
Controls

The main physical control points are the boundary headlands of Penychain and Mynydd Tir-y-cwmwd. In addition the hard rock headland
at Carreg y Defaid effectively separates Llanbedrog bay from Traeth
Crugan. Finally at Pwllheli, Carreg yr Imbill acts as a control point
holding the bays to the east and west in their current position.
The rock intrusions that form these control points are from the
Cambrian or Pre-Cambrian period. Pen-y-chain is felsite, Carreg yr
Imbill Pwlhelli is dolerite, Carreg y Defaid is keratophyre and Mynydd
Tir-y-cwmwd near Llanbedrog consists of granite.
There is a significant exposure of glacial till at Llanbedrog where the
cliffs are up to 20 m high, the same material is also evident to the east
of Carreg y Defaid but is protected by rock armour.

Geomorphology

The unit comprises three sandy bays. The most easterly bay extends
between Glan-y-Don, in the lee of the Carreg yr Imbill hard point, and
the hard rock cliff of Pen-y chain. The net drift over this frontage is
from east to west, and it understood that this frontage historically
developed back from Pen-y-Chain towards Pwllheli.
In recent times the curved shore of Glan-y-Don has been artificially
shaped by reclamation behind the north training bank of the Pwllheli
harbour entrance. The beach of Glan-y-don comprises loosely
compacted sand giving way to a silty sand foreshore at low water.
Behind the beach is an artificial earth bank merging into the natural
dunes to the north and east. The beach continues as sand and then
becomes more shingly. At this point the backshore dunes give way to
a boulder clay outcrop overlying sandstone. The uniform curve of the
bay is disrupted at this point with the beach tending to be in advance
of the general line. The dunes from Glan-y Don have been slowly
eroded certainly since the nineteen-forties.
The boulder clay outcrop continues for some 400m before giving way
to sand dunes. The beach in front of these dunes returns to sand.
Further east, over the last 900m of the bay, the beach is backed by a
low broad shingle bank. The foreshore over this length contains a far
higher proportion of shingle sorted in bands up the shore.
Between Pwllheli and the boulder clay outcrop the land behind the
dunes is sand covered alluvium and forms the valley and flood plain
of the Afon Erch. Behind the outcrop and to the east the land is
covered with old grey dunes above clay. The soft terrace is traced
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some way behind this area.
Carreg Imbill is the end of a spit enclosing the entrance to Pwllheli
Harbour. This spit recurves into the entrance channel; behaviour
which is encouraged by the shape of the underlying rock outcrop. The
face of the spit comprises rocks, stone and shingle, with the recurve
formed of sand and shingle. The spit extended noticeably since the
fifties up until 1990 when improvements were made to the harbour
entrance. There is still a need for regular dredging of the entrance
channel. This spit is the eastern end of a bay extending from Carreg
Defaid.
The coast steps back at Carreg y Defaid, then curves gradually
around in front of Pwllheli to Carreg-y-Imbill. Most of the backshore of
this bay is composed of dunes, although in the west this gives way to
artificially defended till, fronted by a sand veneer over a clay
foreshore. The nearshore over much of this length is wide and flat,
punctuated with small mounds of gravelly material rising above low
water. The most pronounced of these features is a broad ridge
extending some 150m longshore and attached to the shore by a low
water causeway some half a metre above low water level. This
feature effectively divides the frontage, a clear embayment being
formed to the west. The foreshore to the west of this feature is
gravelly shingle with exposed clay. On the flank of Carreg Defaid
there is a narrow area of shingle generally above high water. This is
lost as the embayment cuts back inland and is backed by a rock
revetment.
The third bay in this unit extends from Mynydd Tir-y-cwmwd to Carreg
y Defaid, via Llanbedrog, which is deeply stepped back behind the
headland. The foreshore at the western end is wide and
predominantly sandy apart from the rock and boulder strewn toe to
the cliffs, and the occasional rock showing from the sand. There is a
small shingle bank to the seaward end of the cliffs. The central
foreshore comprises a muddy gravel bed rising as a slight bank
above low water. The upper foreshore is relatively steep and is
comprised of sand and shingle. This is backed by the exposed till cliff.
There is a small outcrop of rock near the mid point of the bay, which
is exposed in advance of the eroding cliff.
Wave Climate

Faber Maunsell (2008) obtained inshore wave data for three locations
along the Traeth Crugan frontage. Exposure conditions varied across
the frontage with the shoreline being largely sheltered from wave
directions from west of south at the western end but gradually
becoming more exposed to these directions further to the east. At the
west end the predominant and highest waves were from the sector
150-180°, whilst at the eastern end there is a slight shift with the
predominant and highest waves from the sector 160-190°.
Generally there was an approximate 25% increase in significant wave
height from west to east. From this data extreme wave heights were
derived, and these are shown in the table below.
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Estimated Extreme Wave Height (m) at
Location
Return Period

Probability of being

(years)

realised in any year

West

Central

East

0.1

1.22

1.54

1.68

0.5

1.42

1.80

1.99

1

1.50

1.89

2.08

(%)

10

10

1.70

2.09

2.30

50

2

1.82

2.18

2.37

100

1

1.85

2.21

2.40

Extreme wave heights along Traeth Crugan, from Faber Maunsell
(2008).
Erosion and
Flood Risks

The dunes to the north of Glan-y Don have slowly eroded since the
1940s.
The dunes to the west of Carreg yr Imbill have been progressively
eroded since, at least, the start of the 20th Century. This has been
more marked since the early sixties. This has resulted in accretion of
material along Pwllheli promenade and has made good a loss, under
south west conditions, from the beach of Morfa Garreg.
The flood defence to the east of Carreg y Defaid and the partially
protected dunes in front of the Golf Course are coming under
increased pressure of erosion and the length of dunes currently
eroding is increasing.
Cliff erosion has historically been a problem at Tyddyncaled, resulting
in the installation of armourstone. Erosion of the clay cliffs at
Llanbedrog Bay was noted in the original SMP.
There is an almost continuous area of flood risk for most of the
frontage excluding Llanbedrog. This includes Morfa Abererch, Pwllheli
and zones associated with the Afon Erch, the Afon Rhyd-hir and the
Afon Penrhos.

Sediment
Dynamics

The general direction of drift within this unit is towards the east, but
there are some exceptional areas.
In the far west, the western end of Llanbedrog, which is in the lee of
the Mynydd Tir-y-cwmwd headland, acts as a sink for the limited fine
influx of material from beyond the headland.
In the past cliff erosion in Llanbedrog Bay would have supplied
material to the beaches to the longshore drift. This influx appears to
have ceased by the end of the 19th Century. Given this, and the fact
that drift into Llanbedrog Bay from the west is largely prevented by
Trwyn Llanbedrog, little material is available to Traeth Crugan.
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There is a small easterly drift along the Llanbedrog frontage, which is
substantially constrained by the outcrop of Carreg Defaid. This net
drift direction continues along much of the Pwllheli south frontage.
The form of the headland to Crochan Berw supports this. However,
local changes in inshore wave direction and in the orientation of the
coast along the Pwllheli South Beach frontage give rise to significant
differential drift rates.
The Pwllheli Golf Course Strategy (Posford Duvivier, 1996) estimated
easterly alongshore sediment transport of 10,000m3/yr at Traeth
Crugan. At the Pwllheli Promenade the same study estimated
westerly transport of 13,000m3/yr. These findings were supported by
more recent modelling carried out for the Traeth Crugan to Pwllheli
Coastal Defence Options Study (Faber Maunsell, 2008).
There is no effective longshore drift supply onto the Abererch
frontage; material from the east is lost in the Harbour entrance, while
return drift from the west is curtailed by Pen-y-Chain.
Structures and
Defences

Development of the southern part of Pwllheli occurred in the late 19th
Century, following the linkage of the town with the beach earlier in
around 1811. The easterly section of shoreline was then fixed by
construction of a promenade and associated artificial defences
In the late 1950’s and early 1960’s protection works were constructed
immediately to the east of Carreg y Defaid to prevent flooding of
agricultural land. A second stage of work followed over the
subsequent twenty years. Later revetment toe deepening and
eastward revetment extension was carried out in the early 1980’s.
Over the same period the promontory opposite Towyn Camp was
extended seaward with a consequent recessing of the shoreline
immediately to the east.
In 1976, 160 cubic metres of rock armour was placed in front of the
dunes to the east of Towyn Camp. This was subsequently extended
partly to the west but mainly to the east, in 1980, 1989, 1995 and
2002. This armour was also repaired on a number of occasions
during that time.
Pwllheli Harbour and marina were developed to their present form in
1991. Since construction approximately 100,000 cubic metres of
material has been dredged from the harbour entrance, of which
approximately 50% was removed prior to 1997 and 50% between
then and 2007 (Civil Engineering Solutions, 2007).
In February and March 2002, approximately 35,000 cubic metres of
harbour dredge was placed on the beach mainly to the west of the
central rock armour but partly also to the east. In February 2007 a
further 35,000 cubic metres was placed on the beach to the west of
the central rock armour.
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Historical and
Future
Shoreline
Evolution

Examination of historical Ordnance Survey maps and more recent
data shows that the shoreline in the 1950’s was in approximately the
same location as in 1891, suggesting that by the end of the 19th
century the shoreline had evolved, without human intervention, to a
near equilibrium condition with stable beaches and backshore
features.
The Abererch frontage appears to have developed from a general
westward drift. The net drift is still to the west, but given the current
lack of such sediment influx there is likely to be supply from the
offshore, to account for periods of accretion on the frontage. The bay
is relatively stable but sensitive to large movements of material in
response to variation in wave climate. With no major supply to the
dunes, the gradual erosion of the clay outcrop in the centre of the bay
and the need for the shoreline to re-adjust as a result of this erosion,
the dune frontage can be expected to erode slowly. Glan y Don will
benefit from this erosion until a breach develops in the dunes
between Glan y Don and the clay outcrop.
By the 18th century the spits at Pwllheli had developed with an influx
of sand from the west along the southern frontage and from the east
behind Carreg yr Imbill. By the end of the 18th Century and through to
the middle of the 19th the railway to Pwllheli and the embankments
enclosing land around Pwllheli were all constructed. This consolidated
the western spit at Pwllheli. Development of the south beach area
included construction of a promenade and sea wall in the late 19th
Century.
Carreg yr Imbill spit gradually developed from the 19th Century as
material moved along Traeth Crugan from the west was transported
around the headland and deposited on the east side. The spit
extended noticeably from the nineteen- fifties up until 1990, when
improvements were made to the harbour entrance.
The juxtaposition of the coast on either side of the river outlet has
resulted in different process/shoreline interaction across this section
with a bi-directional but predominantly westerly drift. Over the last 200
years the Glan-y-don frontage has developed in response to changing
exposure conditions and to coastal squeeze initiated by development
on the landward side, including construction of the railway into
Pwllheli in the 1860’s. As a result the dunes have been gradually
squeezed to their present day narrow condition, which now presents a
real threat of breaching to the low lying hinterland behind.
The dunes in front of the Pwllheli town frontage that were lost during
the development of the west end at the end of the 19th Century have
gradually re-formed over the second half of the 20th Century and now
cover the artificial defences
In the future the supply to the promenade will be reduced if protection
of the golf course continues. This will result in erosion of the current
areas of accretion. If the defence of the dunes is not maintained then
a breach will occur flooding the area behind and extending into the
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harbour area. Such a breach would curtail sediment supply to the
east and tend to draw material in from the east. If a sediment supply
is not maintained to the promenade and Morfa Garreg frontages,
whether the dune frontage to the west is protected or not, there will be
long term erosion along these presently stable lengths.
Until the end of the 18th Century, Traeth Crugan developed as a sand
spit linking Carreg y Defaid to Carreg yr Imbill. This development
pushed the discharge of the Afon Penrhos to the east until it met the
Afon Rhyd-hir. At the same time development of Morfa Abererch from
the east pushed the discharge of the Afon Erch westwards until this
met the Afon Rhyd-hir at Pwllheli. The natural shoreline comprised
sand dunes that covered the entire frontage from Carreg y Defaid to
Carreg yr Imbill for most of the 19th Century.
The 1840 OS map shows a wide lower foreshore (Y Gamlas) linking
Llanbedrog Bay with Traeth Crugan. This feature is not shown on
subsequent maps but comparison of the present intertidal and subtidal contours and recent aerial photograph indicates much higher
levels immediately offshore of Carreg Y Defaid, suggesting that whilst
levels may not be as high as they were in 1840, the contour shape is
similar.
Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Posford Duvivier (1996) Pwllheli Golf Course Strategy.
Faber Maunsell (2008) Traeth Crugan – Pwllheli Coastal Defence
Options Study
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Unit 24 – Mynydd Tir Cwmwd to Penrhyn Ddu
Description

This is an east facing unit in the middle of the south shore of the Lleyn
Peninsula. It includes two bays, Abersoch and Borth Fawr, around St
Tudwal’s Road and is centred on the town of Abersoch. The
settlement of Machres is at the southern end of the unit.

Geology and
Physical
Controls

The main physical controls on this unit are the rock headlands of
Mynydd Tir Cwmwd, Penbennar at Abersoch and Penrhyn Du. The
bedrock geology is mudstone, although the headland of Mynydd Tir-ycwmwd is granite. Abersoch bay is backed by boulder clay.

Geomorphology

Both bays have a broad sand foreshore which diminishes in width
towards their northern ends. The bays are more sharply curved over
their southern lengths, extending in a spiral shape to straighter
sections to the north. Both bays are subdivided by small rock
outcrops.
The river Soch discharges across the beach at Abersoch.
The broad sand beaches exhibit a ridge and runnel formation. In the
case of Porth Fawr the beach is further cut by cross-shore channels
resulting in a tortoise shell pattern at low water. Clay has been
exposed in the central section of the northern bay suggesting a
relatively thin sand veneer.
At the junction of the two bays the rock headland extends to low
water, with a sudden increase of depth to seaward. There is a sand
spit attached to the northern leeward face of the headland, which
redirects the river channel eastwards, suggesting some sand
bypassing.
The backshore of Borth Fawr is principally wind blown sand, with low
lying sand covered alluvium behind. Abersoch Bay is backed by
boulder clay and to the north by hard rock, set slightly back behind
wind blown sand.
The foreshore is fine to medium sand but becomes more shingly
during the winter.

Wave Climate

Wave conditions have not been quantified in this unit. It is one of the
more protected units along the west Wales coast. The Llyn blocks all
northerly or westerly waves, whilst the mainland around Cardigan Bay
provides protection from easterly conditions.
This unit is situated in the path of the largest waves; those from the
southwest. However it is sheltered from them by the Penrhyn Du
headland and the small nearby St Tudwall’s archipelago.
Evidence of this sheltering can be seen in the broad sandy beaches
at the southern ends of the two bays, whilst the direction of the spiral
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bay forms reveals the importance of the southerly waves.
Erosion and
Flood Risks

The dunes at the centre of Borth Fawr are the only recognised area of
erosion risk within this unit. However a chalet and caravan site
occupying the northern half of Abersoch bay is close to the dune
edge, and has been defended in part, with armourstone.
There is a small area of flood risk at Abersoch and another area at
the southern end of Borth Fawr.

Sediment
Dynamics

There is a small net east drift along the Borth Fawr frontage. This
locally reverses at Penbennar. The east drift re-establishes itself part
way along Abersoch Bay and again is reversed local to the headland
of Mynydd Tir-y-cwmwd. Mynydd Tir-y-cwmwd therefore acts to
substantially contain material in these bays. There is short section of
net southerly drift towards Abersoch Harbour, only reversed under
extreme southerly or south westerly conditions. Normally this area
acts as a sediment sink but sudden erosion may occur, as was seen
in the 1950s. The precise location of drift reversal along Abersoch
Bay varies, depending on prevailing offshore wave conditions. Areas
of accretion may start to erode with material accumulating elsewhere.
On easterly storms sand builds up in front of the entrance to the
harbour and pushes the Soch to the south. The river cuts a more
direct path to the sea during periods of high flows.

Structures and
Defences

Historical and
Future
Shoreline
Evolution

At Abersoch the harbour is protected by sea walls and a revetment.
While at Porth Fawr the southern half of the bay is protected by a
revetment, and then groynes and sea wall. There are also revetments
at Machroes in the southern corner of the bay.
Over the last 50 years sand has accreted by the harbour mouth. In
other areas sand movement is more variable. There has been
intermittent but progressive erosion in the central section of Borth
Fawr, while the sand levels between the groynes to the south have
fluctuated, but have generally accreted. Over the last 10 years there
has been accretion to the dune frontage to the northern end of the
Warren and erosion to different lengths of the central frontage.
Accelerated sea level rise is expected to drive shoreline recession
around both bays; with a displacement of material from the dune
fronts to the nearshore. This increased recession is likely to be
minimised close to the controlling headlands.

Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 85 -

February 2011

5

Unit 25 – Porth Ceiriad
Description

This short south-facing unit is situated on the southernmost part of the
Lleyn Peninsula. It extends west from the headland of Penrhyn Du to
that of Mynydd Cilan.

Geology and
Physical
Controls

The physical controls on this unit are the headlands of Trwyn yr Wylfa
and Mynydd Cilan.
Mynydd Cilan, and the rest of the headland, is predominantly faced by
Hells Mouth Grits. Behind these cliffs the headland is significantly
faulted with sandstone and mudstone (Posford Duvivier 1995). This
rock is overlain, at Porth Ceriad, by glacial till, which form the cliff
behind the beach.

Geomorphology

At the two containing headlands the coastal processes are mainly
those associated with hard rock coasts. Resistant shore platforms
slowly wear down allowing waves to attack the hard backing cliffs.
Within Porth Ceiriad is a sandy bay, backed with a gravel veneer, and
softer glacial till cliffs. The beach sediments are largely trapped within
the bay. Erosion of the till releases fine sediment which is carried
away in suspension, and material of larger grain sizes which remain
within the bay. Over time the sediments accumulate and the exposure
(and therefore erosion) of the till diminishes.

Wave Climate

Wave conditions have not been quantified in this unit. Since the
beach is swash aligned, it is clear that the predominant direction of
wave attack is from the south. The sheltering of the boundary
headlands can be seen in the slight curves of the beach at its ends.
Given the predominance of southwesterly wave conditions in the
southern Irish sea, and the exposed setting of the unit, it is clear that
wave conditions here are quite severe.

Erosion and
Flood Risks

The cliffs within Porth Ceiriad are eroding, although this does not
threaten assets.
There are no areas of flood risk on this frontage.

Sediment
Dynamics

Although cross-shore sediment motion during storms diminishes the
beach depth, and increases the exposure of the till, there is no
evidence suggesting that this material leaves the bay.

Structures and
Defences
Historical and
Future
Shoreline

There are no defences in this unit.
Rates of coastal change have not been quantified in this unit.
However the recession of the hard boundary headlands is clearly low.
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Evolution

Although the glacial till cliffs are much softer, and are exposed to a
severe wave climate, they do not appear to the retreating rapidly,
indicating that the beach is well developed.
Accelerated sea level rise will increase the rate of recession of the
glacial till cliffs. The rate at which this occurs will be governed by the
volume of liberated sediment necessary to translate the beach profile
up, with the sea levels.

Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
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Unit 26 – Porth Neigwl
Description

This unit is situated on the south shore of the Lleyn Peninsula, close
to its end. It faces southwest, extends between the headlands of
Mynydd Cilan and Mynydd Penarfynydd and includes the bay of Porth
Neigwl (Hell’s Mouth).

Geology and
Physical
Controls

The Physical controls on this frontage are the two boundary
headlands.
Mynydd Penarfynydd and Mynydd Rhiw are comprised of hard
igneous intrusions and metamorphosed schists. These nearly
inerodible rocks are also present beneath the surface at the north
corner of the bay. The headland of Mynydd Cilan is faced by
Cambrian Grits, and is faulted with sandstone and mudstone. These
rocks are exposed where the grit cliffs meet the beach.
Between the headlands softer glacial till overlies the solid geology of
shales and grits. In the eastern section of the bay the glacial deposits
are overlain by sand.

Geomorphology

Porth Neigwl contains a sand and gravel beach, backed by till cliffs,
with at small area of sand dunes at Pentowyn. The till cliffs are
around 5 km in length and are up to 20 m high.
The beach is deeply inset into the general line of the cliffs, and is
flanked on both sides by vertical cliffs, which isolate it from the
adjacent units.

Wave Climate

Wave conditions have not been quantified in this unit. However it is
directly exposed to waves from the southwest, which are the most
severe in the southern Irish sea.

Erosion and
Flood Risks

The till cliffs are recessing through agricultural land.
There are no areas of flood risk.

Sediment
Dynamics

There is no evidence to suggest that sand sized material leaves this
bay, although there is a loss of finer material to the offshore.

Structures and
Defences
Historical and
Future
Shoreline
Evolution

There are no defences within this unit.
Posford Duvivier (2005) quantified the recession rate of the till cliffs as
around 0.6 m/year.
Accelerated sea level rise will increase the rate of recession of the
beach and glacial till cliffs. The rate at which this occurs will be
governed by the volume of liberated sediment necessary to translate
the beach profile up, with the sea level.
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Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Posford Duvivier (1995) Hells Mouth Study
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Unit 27 – Porth Ysgo to Aberdaron
Description

This unit is below the tip of the Lleyn Peninsula. It comprises two
southwest facing bays, which are held between headlands. The
western bay includes the settlement of Aberdaron.

Geology and
Physical
Controls

The physical controls on this unit are the hard rock cliffs and the three
headlands of Trwyn Talfarach, Trwyn y Penrhyn and Pen y Cil. In
addition the stack of Maen Gwenonwy holds some beach material on
the western side of Porth Cadlan.
The cliffs at the eastern end of Aberdaron Bay are formed of
metamorphic rocks backed by Ordovician sedimentary rock.
Underlying Aberdaron Bay is Ordovician sedimentary rock with a
central igneous intrusion that is burier beneath deep glacial deposits.
Pen y Cil and the cliffs that comprise the western face of Aberdaron
Bay are hard igneous dolerite backed by Ordovician sedimentary and
older pre-Cambrian rocks. Trwyn Talfarach is comprised of hard
igneous intrusions and metamorphosed schists. Glacial till is evident
at Porth Ysgo overlying the solid geology.

Geomorphology

The rocky cliff line with its two bays of Aberdaron and Porth Ysgo is
characterised by hard cliffs with steep platforms plunging into deep
water. The deeply inset bays are the result of the erosion of glacial
deposits between the hard rock headlands.
To the western end of Aberdaron Bay the glacial deposits form a
vegetated coastal slope while to the east there are near vertical
eroding cliffs up to 30 m high. The frontage is divided by the mouth of
the Afon Daron, towards the western side of the bay, which cuts
through the glacial deposits. The beach and foreshore is a mix of
sand and shingle overlying layers of sand clay and gravel.

Wave Climate

The original SMP provided inshore wave data for Aberdaron. This
shows a dominant wave direction between southwest and south, with
wave heights from this direction of 2-3m.

Erosion and
Flood Risks

Part of Aberdaron is situated on the low lying coastal margin and is
vulnerable to erosion. This area, where the Afon Daron discharges to
sea, also carries some flood risk.
Elsewhere cliffs are retreating through agricultural land.

Sediment
Dynamics

There is no evidence to suggest that coarse drift material leaves the
bays of Aberdaron and Porth Ysgo, although there is a loss of finer
material.
The backshore of Aberdaron has historically been eroded but this was
stopped along the westerly section of the frontage, by coast
protection works. The cliffs to the east are exposed and continue to
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erode. Posford Duvivier (1996) noted a 10 to 15m step between the
protected and unprotected frontages.
Structures and
Defences
Historical and
Future
Shoreline
Evolution

Various defences at Aberdaron.
The Aberdaron Detailed Appraisal (Posford Duvivier 1996) identified
recession rates between 0.1 and 0.3m/yr for the unprotected glacial
cliffs at Aberdaron.
Accelerated sea level rise will increase the rate of recession of the
beach and glacial till cliffs. The rate at which this occurs will be
governed by the volume of liberated sediment necessary to translate
the beach profile up, with the sea level.
As the cliffs to the east of Aberdaron are cut back there will be a
disruption to the natural movement of material along the frontage and
the beach in front of the village will drop, making the defence of this
section harder to sustain.

Information
Sources

Gwynedd Council Coast Protection Unit (1998) North Cardigan Bay
Shoreline Management Plan, Stage 1 Consultation Document,
Volume 1.
Gwynedd Council Coast Protection Unit (2002) North Cardigan Bay
Shoreline Management Plan, Stage 2 Consultation Document,
Volume 1.
Posford Duvivier (1996) Detailed Project Appraisal of Coast
Protection Works at Aberdaron
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Unit 28 – Pen y Cil to Carreg Ddu
Description

This relatively undeveloped rural unit extends east from he tip of the
Lleyn Peninsula to the headland west of Porth Dinllaen. The coast
faces north west and is dominated by cliffs with some intervening
small sandy bays at Porth Oer, Porth Lago, Traeth Penllech and
Porth Towyn. There are numerous small pocket beaches of sand or
gravel.

Geology and
Physical
Controls

This coast includes numerous headlands that act to trap beach
sediments. The largest of these beaches is Traeth Penllech, which is
bounded by the headlands Penrhyn Colmon and Penrhyn Melyn,
The cliffs of are comprised of the Precambrian Gwna Melange, which
is characterised by a combination of clasts of various rock types in a
grey-green slaty matrix. The only interruptions to this formation are
thick glacial drift sequences at Porth Oer, Porth Lago, Traeth Penllech
and Porth Towyn.

Geomorphology

The development of this coast is dominated by hard rock processes
of slow platform downwearing and cliff retreat. The embayed beaches
are the exceptions, and each of these is controlled by the hard rock
cliffs that bound them.
Generally the bays have formed where softer lithology is exposed, for
example at Porth Oer, Porth Lago, Traeth Penllech and Porth Towyn.
At Porth Oer and Porth Lago the backshore is composed of till.
Although the beach is relatively full, it is not sufficiently large to
entirely protect the cliff, which is eroding.
At Traeth Penllech a sand and shingle beach extends for 1.5km
between Penrhyn Colomon and Penrhyn Melyn. The backshore is a
combination of till some harder rock outcrops. The Afon Fawr
discharges across the beach after flowing onto the frontage through a
gorge with some waterfalls.
At Porth Towyn a sand and gravel beach is also backed by a
combination of till cliffs and some harder rock outcrops. There are
fresh water influences with waterfalls flowing onto the beach at
various locations.

Wave Climate

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more eastward direction in this area.
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Erosion and
Flood Risks

Although the till cliffs within this unit are likely to continue to erode,
they will not retreat through developed areas.
There are no areas of flood risk along this frontage.

Sediment
Dynamics

Apart from the loss of fine sediments from the till cliffs to the offshore,
this is essentially a disconnected unit. There is believed to be no
sediment exchange with the neighbouring units, and negligible
sediment interaction between the bays.

Structures and
Defences
Historical and
Future
Shoreline
Evolution

There is one small defence at the south of Traeth Penllech.
Most of this shoreline is composed of stable hard rock cliffs, which
change very slowly.
The till embayments retreat more quickly, but the rates of recession
have not been quantified.
In all areas the recession rate will increase in the future due to
accelerated sea rise. In the hard rock areas the shore platforms will
narrow. In the till embayments the additional release of beach
sediments will allow the beaches to rise with the sea level, and so
little change will be seen in the intertidal area.

Information
Sources

Gibbons, w. and McCarroll, D. (1993) Geology of the country around
Aberdaron, including Bardsey Island.
Conwy County Borough Council (2002) Ynys Enilli to Great Ormes
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document
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Unit 29 – Porth Dinllaen to Penrhyn Bodeilias
Picture: Porth
Nefyn

Description

This unit is situated in the central section of the north coast of the
Lleyn Peninsula, and extends between the headlands of Carreg Ddu
and Penrhyn Bodeilas, and comprises three bays The first bay
includes a small harbour, and a small assembly of buildings. The
second, has a short defended frontage, and the third includes a
harbour and impinges on the village of Nefyn.

Geology and
Physical
Controls

The headlands Carreg Ddu, Penrhyn Bodeilas and Penrhyn Nefyn
and the rocky outcrop from Trwyn Porth Dinllaen largely control this
unit.
Trwyn Porth Dinllaen is an igneous intrusion, whilst elsewhere the
bedrock is composed of lavas, ash and conglomerates. Overlying this
around most of the length of the bays are softer layers comprising
boulder clay, silt and gravel and sand.
Breakwaters at the western ends of the largest bays act to retain
sediments locally.

Geomorphology

The unit comprises three bays, separated by the headland of Penrhyn
Nefyn and an unnamed rocky outcrop, which is part of the Trwyn
Porth Dinllaen headland.
Between the headlands are sand and gravel beaches, which are fed
by the erosion of the till cliffs.
The beaches are quite full, and as a result the shoreline recession is
small. The cliffs are mostly vegetated, indicating that landslides are
rare. The exception to this is the central portion of Porth Nefyn, which
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is showing active landslides.
Wave Climate

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more eastward direction in this area.

Erosion and
Flood Risks

There are a number of areas of erosion vulnerability. Without
defences the structures around the Porth Dinllaen harbour, and in the
lee of the southerly rock outcrop would be rapidly eroded. There are
structures in a similar situation at the west and mid point of Porth
Dinllaen and at the west of Porth Nefyn.
Although the till cliffs retreat slowly, on average, they are unstable.
Occasional landslides, perhaps initiated by high rainfall, will cause
rapid losses of cliff top. The car park at the east of Porth Nefyn was
the site of a fatal cliff landslide in 2001.
The buildings described above are very low lying, and vulnerable to
flooding through overtopping.

Sediment
Dynamics

There is no sediment influx to the unit. Some losses are believed to
occur towards the east, around Penrhyn Bodeilas.
Sediments are released within the bays through the erosion of the
high backing till cliffs.
The protection of Porth Dinllaen by Carreg Ddu to the west is so great
that a counter drift has been set up within the bay, and net sediment
transport is from east to west toward the headland. Because of this
internal circulation pattern, there is little interaction between the bays
at Porth Dinllaen and Porth Nefyn.

Structures and
Defences

Historical and
Future
Shoreline
Evolution

At Porth Dinllaen there is a small seawall and breakwater protecting
properties at the western end of the bay, and reveetemnts and a
seawall are located at Morfa Nefyn.
At Porth Nefyn there is a small harbour with a concrete breakwater
and seawalls that extend round to protect properties at Nefyn to the
east.
The rate of shoreline recession is not precisely known, but is believed
to be low. This view is supported by the highly vegetated state of
much of the cliffs. As noted above, episodic landslides have caused
localised loss of cliff top areas.
This behaviour will continue in the future, and will be exacerbated by
accelerated sea level rise and perhaps also by increased rainfall.
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Accelerated sea level rise will increase the rate of cliff erosion, as the
foreshore is narrowed, and larger waves reach the cliff toe. Beaches
will tend to be submerged as the cliffs will constrain their retreat. This
submergence will be mitigated by the increased rate of sediment
release from the cliffs.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
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C.1.30

Unit 30 – Penrhyn Bodeilas to Trefor
Description

This northwest facing unit it on the northeast section of the Llyen
Peninsula. It extends from Penrhyn Bodeilas to the bay of Trefor, just
beyond the headland of Trwyn-y-Tal. Trefor is the only settlement that
approaches the coast. Disused quarries are situated at Penrhyn Glas
and Porth y Nant.

Geology and
Physical
Controls

The bedrock geology of Porth Pistyll is mudstone. Penrhyn Glas and
the southern part of Porth y Nant is igneous rock, which gives way to
mudstone and lavas. Trwyn y Gorlech is also igneous, but mudstone
resumes at Trwyn y Tal. Between the headlands there are intervening
lengths of soft rock. The cliffs south of Trefor are composed of soft
boulder clay. Porth Pistyll is also backed by clay.
The physical controls on this section of coast are the hard rock
headlands of Penrhyn Bodeilias, Carreg u Llam and Penrhyn Glas,
Trwyn y Grolech, and Trwyn y Tal at Trefor. Shallow bays have
formed between them.
An old stone pier locate in the middle of the Trefor frontage protects a
small drying harbour, while a masonry groyne and a small stretch of
wall retain the shingle beach in the lee of Trwyn-y-Tal.

Geomorphology

The backshore is uniformly cliffed, but varies greatly in strength and in
height; behind Trwyn y Gorlech the land rises to over four hundred
metres. The headlands have formed the three bays of Porth Pistyll,
Porth y Nant and a shallow embayment below the Yr Eifl quarry.
Erosion of the cliffs releases sediment that accumulates to form
beaches. These beaches are more developed where the cliff erosion
is greatest, i.e. in the softer rock areas. The beaches fronting the clay
cliffs tend to be sandy and wide. In front of the harder rock areas they
tend to be composed of larger grains, including gravel, pebbles and
boulders.
To the east of the Trefor pier a raised shingle spit has developed that
separates the mostly sandy beach located in the lee of the pier from
the rocky foreshore to the north east.

Wave Climate

The Lleyn Peninsula protects this unit from southerly waves, whilst
Anglesey provide shelter to the north.
The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more eastward direction, and so this unit is quite
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exposed.
Futurecoast provides an inshore wave point close to this unit at
Penrhiwau Bay. This confirms a predominant wave direction of
between 270° and 330°, with wave heights of up to 3.75m.
Erosion and
Flood Risks

The whole frontage is eroding, although generally the retreat rates are
low. The clay frontages are the most vulnerable, and active
Landsliding can be seen, particularly along Porth Pistyll, however this
is not impinging on developed areas.
There are no areas of flood risk.

Sediment
Dynamics

There may be a minor influx of sediment form the beaches at Nefyn
across the headland of Penrhyn Bodeilias at the southern end of the
unit.
The longshore transport in this area is northeast. This carries
sediments released within this unit towards and around the headland
of Trwyn-y-Tal into the next unit.

Structures and
Defences
Historical and
Future
Shoreline
Evolution

There are no manmade defences or structures within this unit.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.

This shoreline has been retreating, although the rate at which this
happens has not been quantified. In the future accelerated sea level
rise will increase the rate of cliff erosion, as the foreshore is narrowed,
and larger waves reach the cliff toe. This will increase the rate of
sediment release, benefitting the unit to the north.

The Futurecoast database.
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C.1.31

Unit 31 – Trwyn y Tal to Fort Belan
Description

This unit is situated on the mainland, between the Lleyn Peninsula
and Anglesey. It extends northeast from the headland Trwyn y Tal to
the entrance to the Menai Strait at Fort Belan. The Menai Strait is
described in the Estuaries Assessment. The coast is relatively
undeveloped, but settlements approach the coast at Dinas Dinlle,
Pontllyfni, Aberdesach and Bach Wen.

Geology and
Physical
Controls

The bedrock geology here is mudstone giving way to lavas at around
Bach Wen. This is overlain with softer clays along most of the
frontage. Variations in lithology and rock strength have allowed
undulations in the planshape of the coast, although without forming
strong headlands.
The physical controls on this unit are rather weak. The headland of
Trwyn y Tal provides protection for the bay of Trefor, and contributes
to its shape, through its influence on local wave transformation.
The clay outcrop of Dinas Dinlle appears to be providing an anchor,
albeit a moving one, for the dunes of Morfa Dinlle.
Both the Lleyn Peninsula and Anglesey provide shelter from waves,
whilst the strong tidal currents of the Menai Strait have a strong effect
on the coast close to Fort Belan.

Geomorphology

The southern part of this unit is backed by eroding clay cliffs; their
heights decrease with distance north. Around Pontllyfni these give
way to depositional features, including the dunes of Morfa Dinlle and
the spit in which they exist.
At Aberdesach there is a low lying shingle bank fed by material from
the south. The hinterland is low lying and the Afon Desach discharges
through the shingle ridge.
At Dinas Dinlle the boulder clay reappears for around five hundred
metres. From here onwards the beach becomes increasingly sandy,
and the hinterland becomes very marshy. The peninsula that has
formed from around here to the end of the unit is similar to the outer
estuary features seen further south. It has grown from the south
towards the Menai Strait. As it has done so it has diverted towards the
north the outlets of the Afon Gwyrfai, Rhyd and Carrog. These now
discharge into Foryd Bay, which has emerged behind the peninsula,
and, because of its protection, has developed marshes and other
estuary characteristics.
The beach on the open coast here is sand, backed by a gravel ridge.
This becomes increasingly sandy with distance north; although at the
distal end of the spit, more coarse shingle accumulates.
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The intertidal zone consists of a glacial deposit upper beach and a
sandy lower beach, with the formation of sand bars near the
approaches to the Menai Straits. North of Caernarfon Airfield at Morfa
Dinlle the shoreline changes from west facing to north west reducing
the exposure and hence allowing a wider intertidal zone to develop
with extensive sand dunes which replace the low lying marshland
further south.
Wave Climate

The Lleyn Peninsula protects this unit from southerly waves, whilst
Anglesey provide shelter to the north.
The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more eastward direction, and so this unit is quite
exposed.
Futurecoast provides an inshore wave point for this unit at Penrhiwau
Bay. This confirms a predominant wave direction of between 270°
and 330°, with wave heights of up to 3.75m.

Erosion and
Flood Risks

The cliffed areas of this frontage are soft and prone to erosion,
although this is not putting pressure on developed areas.
There is a risk of overtopping and flooding at Pontllyfni and to the
north. The areas around Dinas Dinlle and Morfa Dinlle are low lying
and at risk of coastal flooding. Flood embankments and drains have
been built to protect against this.
There is erosional pressure on the shingle ridge at Aberdesach and
the cliffs at Pontllyfni that may threaten properties in the future. At
Aberdesach there is a risk of flooding, should the gravel ridge breach.

Sediment
Dynamics

Sediment passes into the unit from the south, and there is a net drift
to the north. The eroding cliffs are an important internal source of
sediment for the beaches. Drift is retarded at Dinas Dinlle by rock
bastions. However sediment appears to be bypassing them along
both the shoreline and nearshore.
The southern entrance to the Menai Strait acts as a sink for the northmoving littoral sands, and to a lesser extent fine material. Material is
also carried offshore from the spit by tidal currents.

Structures and
Defences

At Trefor there is a rock revetment and seawall to the west of the
masonry pier that protects the small harbour.
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At Aberdesach a masonry seawall protects several properties
There is a revetment and seawall that protects the entrance to the
Afon Llyfni at Pontllyfni.
The low lying land to the north of the Afon Llifon is protected by earth
flood embankments.
At Dinas Dinlle there is a concrete seawall and two fishtail groynes.
To the north of Dinas Dinlle as part of the 1994 works, a flood
embankment was built to protect properties and act as an access
road to the airfield.
Historical and
Future
Shoreline
Evolution

The first shoreline management plan notes a decrease in beach width
between Trefor and Dinas Dinlle during the 20th Century. At Dinas
Dinlle historical evidence suggests that there was retreat at a rate 0.1
m/yr in the last century (Pye and Saye, 2005). This led to the
implementation of defences; a box gabion sea wall was constructed in
the 1970s to hold the shoreline. This led to erosion of the beach in
front of the defences. This erosion and associated increasing wave
energy led to breach of these defences in 1990 causing flooding of
the properties behind. In 1994 two fishtail rock groynes were built and
beach nourishment was implemented to protect the Dinas Dinlle
frontage.
The works at Dinas Dinlle have effectively fixed this section of the
coast, while to the north it is accreting. Pye and Saye (2005) show
that along the airport shoreline and further north the coastline
generally moved seaward between 1887 and 1974.
The southern part of this unit is under erosional pressure due to its
unrestrained nature. In the future accelerated sea level rise will
increase the rate of cliff erosion, as the foreshore is narrowed, and
larger waves reach the cliff toe. This will increase the rate of sediment
release, benefitting the sedimentary features in the north, and
reducing their vulnerability to sea level rise. At Pontllyfni the defences
may lead to the creation of the artificial promontory and the need for
defence extension.
Pye and Saye (2005) predict shoreline change of the dunes over the
21st Century. The different methods they apply reveal considerable
uncertainty regarding the amount of recession. Using expert
geomorphological assessment, they estimate that the shoreline north
of the airfield will remain relatively stable. Further south, around Morfa
Dinlle, they estimate it will retreat by around 60 metres.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
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Plan Document.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005.
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C.1.32

Unit 32 – Abermenai Point to Llanddwyn Island
Picture: eroded
dunes at
Newborough
Warren, close
to Llanddwyn
Island

Description

This unit is on the south-eastern corner of Anglesey, and extends
west-northwest from Abermenai Point, at the entrance to the Menai
Straits, to Llanddwyn Island. The Menai Strait is described in the
Estuaries Assessment.
The central and northern part of this unit is backed by Newborough
Warren, an extensive area of dunes. The western half of Newborough
Warren has been forested by the Forestry Commission, to prevent
blown sand blocking roads and covering agricultural land.

Geology and
Physical
Controls

Most of the bedrock is metamorphic Cambrian and limestone,
although the island is volcanic and Ordovician. Except on the island
the bedrock is covered by sands.
The rock outcrops of Llanddwyn Island provide protection to much of
this unit. The tidal currents of the Menai Strait have a strong influence
on the southern section of the frontage.

Geomorphology

Abermenai Point is at the end of a duned spit, which protrudes into
the Menai Strait. This spit is backed by marshlands around Traeth
Abermenai. Further north is the coast is backed by continuous dunes.
The foreshore is wide and sandy.
Llanddwyn Island is rocky with many small stacks and minor
headlands. It also holds many small sandy bays.

Wave Climate

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
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shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more eastward direction, and so this unit is quite
exposed.

Erosion and
Flood Risks

Llanddwyn Island provides some protection from these waves, at
least to the western section of this unit.
The dunes are eroding but no assets are at risk.
There are no significant areas of flood risk on this frontage.

Sediment
Dynamics

The unit is separated from the shoreline to the north west by
Llanddwyn Island that acts as a barrier to sediment drift.
Material eroded from the unit tends to pass into the Menai strait and
Traeth Abermenai.
A small gravel spit linking the beach to Llanddwyn island is fed by
material released by the dune recession, erosion of head deposits on
the island and some weathering of the bedrock.

Structures and
Defences
Historical and
Future
Shoreline
Evolution

There is a small section of rock armour on the spit north of Abermenai
Point.
The dunes and spit have shown ongoing, though not uniform,
recession over the period for which reliable mapping exists (1888 to
1974). Recent storms have cut the dune back further, indicating that
this recessive trend continues.
Pye and Saye (2005) studied historic maps of the unit, the first of
which dated to 1888. They found that since the first survey, the area
of dune has increased adjacent to Traeth Penrhos.
Along Traeth Llanddwyn the dune area has decreased, with the loss
of fixed stable dune planted with coniferous trees at the western end
and probably the loss of mobile dune to semi-fixed dune grassland on
the open warren.
Generally, Abermenai Spit has expanded in area, particularly on the
inner side, although it has incurred some loss on the seaward side,
mainly near the neck. In addition, minor accretion has occurred
adjacent to Traeth Abermenai.
Pye and Saye (2005) also predict shoreline change of the dunes,
including the spit, over the 21st Century. The different methods they
apply reveal considerable uncertainty regarding the amount of
recession. Using expert geomorphological assessment, they estimate
that the spit will retreat by around 25 metres whilst the bay close to
the island will retreat by up to 80 metres.
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Information
Sources

Conwy County Borough Council (2002) Ynys Enilli to Great Ormes
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 105 -

February 2011

3

Unit 33 – Malltraeth Bay
Description

This sandy unit is situated in the south-eastern corner of Anglesey
and includes the entrance to the Cefni estuary, which is described in
the Estuaries Assessment. The unit faces west-southwest and is
backed on its eastern side by Newborough Forest.

Geology and
Physical
Controls

The bedrock in this area is Ordovician mudstone.

Geomorphology

The shore of Llanddwyn Island is hard and rocky, with small trapped
beaches. The shore of Newborough Forest is sandy, and backed by
wooded dunes. The hard rock shore of Cwningar Bodowen, across
the estuary mouth, is high steep coastal cliff.

Wave Climate

Llanddwyn Island provides some protection from the south east,
although the fetch in that direction is quite short. The Lleyn Peninsula
protects the unit from southerly waves.

Malltraeth Bay is bounded by Llanddwyn Island in the south and the
hard rock peninsula of Pen-y-parc to the west. Llanddwyn Island
anchors the coastline and provides some protection from the south
east.

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest. Such waves would diffract around the north of the Lleyn,
to travel in a more easterly direction, and so this unit is quite exposed.
Erosion and
Flood Risks
Sediment
Dynamics

There are no current erosion or flood risks in this section.
The estuaries assessment found marginal interaction between the
Cefni estuary and the open coast. It has historically taken sand sized
sediments from the open coast or the offshore, but sediment volumes
are now reaching the estuary’s capacity.
Along this section of Newborough Warren, sediment is moved to the
coast from offshore sources, and then carried northwest by
Longshore transport.

Structures and
Defences

Historical and
Future
Shoreline

The defences and struxctures in this unit are within the Cefni Estuary.
They comprise the Malltraeth Cob, a flood embankment that protects
the valley of the Afon Cefni and the associated tidal sluices. In
addition there are small local defences at Malltraeth comprising
seawalls and a revetment.
From around 1800, control of the discharge of the River Cefni and
land reclamation encouraged accretion on the south side of the
estuary and the development of the marsh and dunes. As a result the
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Evolution

shoreline prograded seaward.
Pye and Saye (2005) show that the shoreline fronting this section of
Newborough Warren retreated at the end of the 19th Century, but then
prograded more significantly during the 20th Century. This accretion
continues, although at an uncertain rate.
Pye and Saye (2005) predict shoreline change along the dunes, using
a variety of techniques. The different methods reveal considerable
uncertainty regarding both the amount and direction of change. Using
expert geomorphological assessment, they estimate that the dunes
will retreat by up to 25 metres, but will remain anchored in their
current position behind Llanddwyn Island.

Information
Sources

Conwy County Borough Council (2002) Ynys Enilli to Great Ormes
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005
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Unit 34 – Pen-y-Parc to Braich-lwyd
Description

This short undeveloped unit extends between the headlands of Peny-parc and Braich-Iwyd along the southern side of Anglesey. The
frontage includes the dune field next to Aberffraw and the point of
discharge of the Afon Ffraw.

Geology and
Physical
Controls

The physical controls on this unit are the hard rock cliffs and
headlands either side of Aberffraw Sands and, in addition the road
across Aberffraw Sands which acts to control the Afon Ffraw, and
hence stabilises the dunes.
The rock outcrops to the south of this unit are predominantly schists
and gneisses of the Mona Complex.

Geomorphology

To the south of Aberffraw bay the shoreline is predominantly hard
rock cliffs, however where softer lithologies are exposed in the cliff
line small sandy pocket bays have formed. These are Porth Gro,
Porth Buarth-y-mor, Porth Twyn-mawr, Porth y Cwch and Porth
Cadwaladr. At Porth Twyn-mawr sand dunes have developed that are
now protected by the rocks that flank it.
Aberffraw sands are the result of deposition within estuary of the Afon
Ffraw, which was drowned following the last glaciation. The
construction of the road across the estuary fixed the point of
discharge of the river and encouraged further siltation. The dunes are
contained within a valley with little sediment supply.
To the north of Abberffraw Sands hard rock cliffs resume until the end
of the unit at Braich-lwyd.

Wave Climate

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest.

Erosion and
Flood Risks

There is no recognised erosion risk along this frontage.
There is a potential flood risk associated with the valley of the Afon
Ffraw.

Sediment
Dynamics

In sedimentary terms Aberffraw Sands are effectively self contained,
with no exchange with neighbouring units.
There is a predominantly south easterly drift across the mouth of the
estuary; however this can be reversed in periods of wave activity with
the estuary acting as a sediment sink, and fresh supplies of sediment
are limited, although Pye and Saye (2005) note a moderate offshore
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sediment supply.
Structures and
Defences
Historical and
Future
Shoreline
Evolution

There are no manmade defences or structures within this unit.
In the hard rock areas there is slow ongoing erosion of shore
platforms coupled with undermining of steep cliff faces leading to
intermittent failures. The rate at which this occurs will increase, as sea
level rise accelerates.
Pye and Saye (2005) have shown that, during the period for which
historic mapping data is available (1888 - 1974) the shoreline of
Aberffraw Sands advanced by around 160 metres on average. They
classify the current erosion/ accretion trend as ‘variable’.
Pye and Saye (2005) predict shoreline change along the dunes, using
a variety of techniques. The different methods reveal considerable
uncertainty regarding both the amount and direction of change. Using
expert geomorphological assessment, they estimate that the dunes
will advance by around 25 metres.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
Pye and Saye (2005) The Geomorphological Response of Welsh
Sand Dunes to Sea Level Rise over the Next 100 Years and the
Management Implications for SAC and SSSI sites. Report for the
Countryside Council for Wales, February 2005.
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Unit 35 – Braich-lwyd to Traeth Cymyran
Picture:
Defences at
Rhosnegir

Description

This unit extends from the headland at Braich-lwyd to the straits
between Ynys Mon and Holy Island. These straits are the southern
entrance to the Afon Alow estuary, which is described in the Estuaries
Assessment.
The unit includes frontages of the town of Rhosneigr and the Valley
Airfield. Rhosneigr has developed behind extensive but low rocky
outcrops.
The Afon Crigyll outfalls across Traeth Crigyll, north of Rhosneigr.

Geology and
Physical
Controls

Although this unit is relatively short, its bedrock geology is very
variable. It includes, from east to west: sheared schist, granite and
gneiss, Ordovician slate and green schist. Although variable in origin
and type, the rock is generally hard, although there are exposures of
softer lithology within some of the bays.
The physical controls on this unit are the hard rock headlands within
the frontage, and the cliffs of Holy Island to the west. The low rocky
outcrops at Rhosneigr provide valuable protection to the town.

Geomorphology

This unit is quite diverse, and includes hard rock frontages, beaches,
dunes and estuarial conditions (at its western limit).
The shoreline north of Braich-lwyd to Porth Nolba is comprised of
hard rock outcrops with some pocket bays, which have formed at
exposures of softer lithologies. The pocket bays of Porth Cwfan, Porth
China and Porth Trecastell have sandy beaches.
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Between Porth Nolba and Rhosneigr is a sandy beach with numerous
rock outcrops; the backshore is comprised of dunes.
To the north of Rhosneigr the sandy foreshore of Traeth Crigyll and
Traeth Cymyran extend to the entrance to the straits between Ynys
Mon and Holy Island. This part of the frontage is backed by dunes
and the division between the two beaches is marked by the rock
outcrops of Ynys Feurig, which act to anchor the shoreline.
Wave Climate

Faber Maunsell (2006) derived offshore wave conditions in this area
(53.3°N 4.9°W) from Met Office data describing June 1991 to January
2004. This showed a strong predominance of waves from the
southwest, as can be seen in the figure below, which is reproduced
from that study.

Wave conditions at 53.3°N 4.9°W between June 1991 and
January 2004 (Faber Maunsell, 2006)
Analysis of the data provided the following extreme wave heights:
1:10 year 6.2 m, 1:50 year 7.0 m, 1:100 year 7.2 m.
Erosion and
Flood Risks

Rhosneigr is low lying and has developed to the shoreline. Pressure
on this frontage would be expected and is suggested by the
numerous lengths of artificial coast protection that can be seen there.
Areas of flood risk are associated with the valley of the Afon Crigyll
and the outflow of Llyn Maelog.

Sediment
Dynamics

Between Porth Nolba and Rhosneigr material may be moved onshore
during more severe conditions. Material accumulates between the
backshore and the rock outcrops forming salients and tombola. These
aid the stability of the beach but are vulnerable to sea level rise.
The channel of the Afon Crigyll does not have significant effect on
beach behaviour with sediment able to pass across the outlet.
The net drift across the beaches to the north of Rhosneigr is towards
the south.

Structures and

The dunes at Traeth Cymyran are controlled by artificial defences.
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Defences
There are seawalls protecting properties at Cerrig y Defaid and
Rhosneigr
Historical and
Future
Shoreline
Evolution

The dunes that form the backshore of Treath Llydan were probably
part of a complete dune system that formed along the south west
shoreline of Ynys Mon in the middle ages, and would originally have
been linked to the dunes north of Rhosnegir behind Traeth Cymyran
and Traeth Crigyll. The development of the village of Rhosneigr has
split the dunes into two distinct parts.
The defences at Traeth Cymyran have prevented natural dune rollback, and led to squeezing of the dunes between the sea and the
RAF base.
Between Braich-lwyd and Porth Nolba the shoreline is not expected to
change significantly over the timescale of the SMP.
At present the system to the south of Rhosneigr is in reasonable
equilibrium, however rising sea levels will expose the vulnerable
dunes behind the rock outcrops to greater wave attack.
The whole Rhosneigr frontage will become more exposed as sea
level rise submerges the rocky outcrops that protect to the town.
Some loss of intertidal areas and increased pressure on the coast
protection and sea defences works should be expected.
The northern dunes at RAF Valley are vulnerable to erosion and due
to the landward development natural processes cannot occur. The
dunes could be lost if the current processes continue.
The shoreline at the northern end of the frontage at the entrance to
the straits between Holy Island and Ynys Mon may be vulnerable to
erosion by the increased flows brought by higher sea levels.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.
Faber Maunsell (2006), Trearddur Bay Coastal Study, Project
Appraisal report, for Anglesey County Council May 2006. 58 Pages.
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C.1.36

Unit 36 –Tywyn Bryn-y-bar to Holyhead Breakwater
Description

This unit comprises the south west facing shore of Holy Island,
between Tywyn Bryn-y-bar in the south and the Holyhead breakwater
in the north. Much of this frontage is rural. The largest settlement is at
Trearddur, and smaller settlements approach the coast at Rhoscolyn
and Goferydd.
The eastern boundary of this unit is adjacent to the southern entrance
of the Afon Alaw estuary, which is described in the Estuaries
Assessment.

Geology and
Physical
Controls

Headlands formed in the hard rock cliffs control the many bays within
this unit.
The bedrock along most of this frontage is green schist. The western
tip of the island is comprised of bedded sandstones and siltstones,
and includes quartzites. Faber Maunsell (2006) provide greater detail
of the geology that underlies Trearddur Bay, which is comprised of
metamorphic schists of the Mona Complex. The drift geology is
mainly glacial till onshore with estuarine deposits offshore and
onshore in low lying areas. The estuarine deposits are a mixture of
silty clays to sandy silts with woody peat deposits. These deposits
also contain occasional tree roots and intact trunks (Faber Maunsell,
2006).

Geomorphology

Most of this unit is comprised of hard rock cliffs and outcrops with
gravel beaches and rock platforms making up the intertidal profile.
Where softer geological formations are exposed a number of sandy
bays have formed. The largest of these are Silver Bay, Borthwen Bay,
Trearddur Bay and Porth Dafach.
Silver Bay is a sandy pocket beach between hard rock formations
with dunes at the backshore.
Borthwen Bay is a sheltered sandy beach protected by rock
headlands to either side. Unlike Silver Bay there are artificial
defences in place to protect properties and a car park.
Porth Diana is split into three embayments by the rock outcrops on
the foreshore. Erosion of the frontages in all three sections has led to
defences being constructed, but this in turn has led to lowering of
beach levels in some locations.
Trearddur Bay is the largest of the beaches on this stretch of the
coast. It has hard rock outcrops on either side. It is protected by
artificial defences for most of its length.
Between Trearddur Bay and Porth-y-Post the rock shoreline is
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interrupted by a series of small inlets in which coarse sediment
beaches have formed. Defences have been built to support the road
that passes the head of these inlets.
Porth Dafarch is the last of the small bays with the beach being
formed predominantly of sand. Defences have been constructed to
protect the road and amenities behind the beach
Wave Climate

Faber Maunsell (2006) derived offshore wave conditions in this area
(53.3°N 4.9°W) from Met Office data describing June 1991 to January
2004. This showed a strong predominance of waves from the
southwest, as can be seen in the figure below, which is reproduced
from that study.

Wave conditions at 53.3°N 4.9°W between June 1991 and
January 2004 (Faber Maunsell, 2006)
Analysis of the data provided the following extreme wave heights:
1:10 year 6.2 m, 1:50 year 7.0 m, 1:100 year 7.2 m.
The Futurecoast database provides inshore wave data at Penrhyn
Mawr. Here the dominant wave directions are between 180° and
330°, and wave heights of up to 4.25m are possible between 210°
and 270°.
Erosion and
Flood Risks

Trearddur Bay and neighbouring Porth Diana are vulnerable to both
erosion and coastal flooding.
Erosion of the three Porth Diana frontages has led to defence
construction in these bays.

Sediment
Dynamics

Some sediment is exchanged between Silver bay and the southern
opening of the Afon Alaw estuary. Holyhead Breakwater is an
effective barrier to any sediment movement. Elsewhere along this unit
alongshore sediment exchange is negligible and the small bays are
essentially self-contained.

Structures and
Defences

At Borthwen seawalls potect properties and an access rout at the
western side of the bay. Revetments and Seawalls protect the road to
the back of the beaches at Porth Castell and Porth Diana
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At Trearddur Bay new defence scheme has recently been built
comprising a new promenade above a seawall at the rear of the
beach.
There are small defences at Porth yr Arfon and Porth-y-Post seawalls
protect the coastal road. While at Porth Dafarch ther is a wall
protecting road and gabion baskets to east of bay that are failing
Historical and
Future
Shoreline
Evolution

This largely hard rock unit has shown slow erosion of shore platforms
coupled with undermining of steep cliff faces leading to intermittent
failures.
Faber Maunsell (2006) document several sources that suggest rates
of erosion at Trearddur. Analysis of Ordnance Survey maps suggest a
retreat of the low water mark of 0.1-0.2m/yr and local historic records
suggest an unconstrained rate of 0.2-0.5m/yr.
The defences in Borthwen Bay and Porth Diana may cause some
beach lowering as sea levels rise in the future.
The hard rock cliffs of this unit are not expected to change over the
timescale of the SMP. At present Silver bay is in equilibrium however
sea level rise could increase exposure and lead to shoreline
recession.
The bay beaches will be pushed back by the rising sea level. If this is
prevented by backing structures or cliffs then the beach will be
partially submerged, and overall steepening of the littoral zone should
be expected.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document
Faber Maunsell (2006), Trearddur Bay Coastal Study, Project
Appraisal report, for Anglesey County Council May 2006. 58 Pages.
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Unit 37 – Holyhead Breakwater to Afon Alaw
Picture:
Penrhos beach

Description

This unit comprises the north eastern shoreline of Ynys Gybi between
the Holyhead breakwater and the Afon Alaw. This coast includes the
extensive port of Holyhead and its urban frontage, and is therefore
heavily engineered. However is also includes part of the relatively
natural frontage of the Penrhos Coastal Park.
The Alaw estuary, east of Penrhos, is described in the Estuaries
Assessment.

Geology and
Physical
Controls

The bedrock here is Cambrian and metamorphic. At Newlands this is
overlain by clay.
The major physical controls on this unit are the various port
structures, including Holyhead Breakwater, and the rock headlands of
Morawelon and Penrhos. The Isle of Anglesey provides shelter
towards the north and east.

Geomorphology

To the west the coast is rocky and hard and shows slow ongoing
erosion of shore platforms and undermining of steep cliff faces. This
produces the characteristic crenulated coastline, where hydrodynamic
forces have exploited localised weaknesses in the hard lithology.
Traeth Penrhos is sandy bay with a gravel upper beach, which is held
between rocky outcrops.

Wave Climate

This is a highly enclosed frontage, which is only exposed to waves
from the north.
The nearest relevant wave climate shown by the original SMP was
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derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest,
Faber Maunsell (2006) confirmed this direction and found a 1:50 year
offshore significant wave height of approximately seven metres.
Erosion and
Flood Risks

Holyhead Station is at risk of flooding, as are several other properties
in the town. There is a small area of flood risk behind Traeth Penrhos
which would affect the beach road.

Sediment
Dynamics

The Holyhead Breakwater acts as an effective barrier to the
movement of sediment to and from the west. There is some sediment
exchange between Penrhos beach and the Alaw estuary. This may
be associated with a slow depletion in Penrhos as material migrates
behind the Stanley embankment.

Structures and
Defences

Around Holyhead there are numerous structures and defences. The
main breakwater extends for about 2.5km providing shelter the
harbour. There are combination of seawalls, revetments and older
breakwaters within Holyhead harbour.
The Stanley Embankment which connects Holy Island to mainland
Anglesey is an important control on tidal flows and sediment
movement.

Historical and
Future
Shoreline
Evolution

There is also a seawall at the Toll House Tea Rooms at the western
end of the embankment.
This section of the coast is relatively stable at present, and should
remain so if the major structures of Holyhead port are maintained.
In the future accelerated sea level rise will tend to submerge the hard
rock intertidal areas, allowing larger waves to attack the cliffs above
and behind them. The rocks here are hard, and so this will have little
noticeable effect on the recession rate.
The beach at Penrhos Bay will be pushed back by the rising sea
level. If this is prevented by backing structures then the beach will be
partially submerged, and overall steepening of the littoral zone should
be expected. This may lead to loss of beach material, which would
migrate into the Alaw estuary.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 117 -

February 2011

8

Unit 38 – Afon Alaw to Trwyn y Gader
Description

This unit includes the west facing frontage of Anglesey north of
Holyhead. It extends from the outlet of the Afon Alaw to the headland
of Trwyn y Gader. The coast is largely undeveloped.
The estuary of the Alaw is described in the Estuaries Assessment.

Geology and
Physical
Controls

The physical controls on this frontage include Holy Island and
Holyhead breakwater. These provide some protection against wave
attack, particularly to the southern half of the frontage. The various
headlands and rocky outcrops along this coast provide additional
protection. Notably the rocky protrusion between Penrhyn and
Creigiau Cliperau plays an important role in holding beaches on either
side of it, and the Trwyn y Gader headland provides shelter from
northerly conditions.
The bedrock here is Cambrian metamorphic up to Trefadog, where it
gives way to volcanic rock. In the bays this is overlain by clays.

Geomorphology

The shoreline at the south of this unit is formed of generally soft
sediment. The clay shoreline of the Alaw estuary gives way to a soft
rock shoreline and dunes further to the north. Penial Dowyn is an
erodible soft rock headland with sandy beaches of to the north (Porth
Penrhyn-mawr) and south.
The coast between Porth Dryw and Creigiau Cliperau is hard rock
shoreline that holds beaches to the north and south.
The remainder of the unit is comprised of hard or soft rock cliffs and
outcrops with shingle beaches or rock platforms in the intertidal zone.
Where there are softer geological formations sandy bays have
formed.
The hard rock areas show slow ongoing erosion of shore platforms
and undermining of steep cliff faces leading to intermittent cliff
failures. This produces a characteristic indented coastline, formed by
hydrodynamic exploitation of localised weaknesses in a generally
hard lithology.
At Porth-Tywyn-mawr a sandy pocket beach has formed between the
rock outcrops at Creigiau Cliperau and Porth Defaid. The backshore
is formed of soft clay cliffs, which are vulnerable to erosion. Defences
in the form of demolition rubble has been placed along the toe of the
cliff in the past to slow the rate of erosion.
Porth Trefadog and Porth Trywn are also sandy pocket beachs
between rock outcrops, with clay cliff backshores, which are
vulnerable to erosion.
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Porth Swtan is the most northerly of the sandy pocket bays within this
unit. The backshore is formed of cliffs consisting of a matrix of
volcanic ash and mud.
Wave Climate

The nearest relevant wave climate shown by the original SMP was
derived from Meteorological Office European Waters Wave Model for
a position off the North Lleyn Peninsula (4.86°W,53.00°N). This
shows a predominant wave direction from the southwest and southsouthwest,
Faber Maunsell (2006) confirmed this direction and found a 1:50 year
offshore significant wave height in the region of seven metres.

Erosion and
Flood Risks

Rates of recession have not been quantified along this coast,
however erosion has been noted at Porth Trefadog and Porth-Tywynmawr. In addition the soft cliffs south of Penrhyn and at Porth Swtan
are vulnerable.
Areas in the south of this unit are low lying and may be vulnerable to
flooding.

Sediment
Dynamics

The southern extent of this unit runs into the estuary of the Afon Alaw
(which is described in the Estuaries Assessment). The estuary has
trapped the large volumes of sediments found there.
Generally there is little beach interaction between the bays due to a
combination of the relatively sheltered aspect of this coast, and its
rocky indented form.
The rock promontory between Porth Dryw and Creigiau Cliperau acts
as a barrier to sediment escaping from the sandy bays to either side
(Porth Penrhy-Mawr and Poth Tywym Mawr). The rock headland at
the north of the unit also acts as a barrier between this unit and the
northern shoreline of the island.
The sandy bays of Poth Tywyn-mawr, Porth Trefadog, Porth Trywn
and Porth Swtan are effectively self-contained, sediment is trapped
within them by their flanking rock outcrops.

Structures and
Defences

some defences to protect Twyn Gwyn, Bordlasan Fawr and Porth
Penrhyn Mawr by local landowners in the past.
At Porth Trefadog linear defences have been built to protect against
further erosion.

Historical and
Future
Shoreline

This shoreline has been relatively stable over the last century.
In the future accelerated sea level rise will tend to submerge the hard
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Evolution

rock intertidal areas, allowing larger waves to attack the cliffs above
and behind them. Where the rock is very hard this will have little
noticeable effect on the recession rate, but along the soft rock areas
within this unit the accelerated recession should be expected.
Beaches will tend to retreat, where they are free to do so. Where they
are bounded on their landward side, they will tend to be partially
submerged by the rising sea level, and so littoral steepening should
be expected.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.
Faber Maunsell (2006), Trearddur Bay Coastal Study, Project
Appraisal report, for Anglesey County Council May 2006. 58 Pages.
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C.1.39

Unit 39 – Trwyn y Gader to Trwyn Eilian
Description

This unit covers the rocky north coast of Anglesey between the
headlands of Trwyn y Gader and Trwyn Eilian. This 20km of coast
includes the settlements of Cemaes, Porthllechog and Amlwch, the
Wylfa nuclear power station and Amlwch Port.

Geology and
Physical
Controls

Most of this coast is composed of hard rock. It is highly indented and
the various headlands and hard points provide important local control.
Trwyn Cemlyn protects a barrier beach and lagoon within Cemlyn
Bay. Trwyn y Penrhyn and Trwyn y Parc protect Traeth Mawr. Ogof
Goch protects the Porthllechog frontage in Bull Bay.
The bedrock here is composed of Cambrian mudstones. Softer
deposits overly this at Cemlyn Bay, Cemaea Bay, Porth Wen and
Porth Llechog. The cliffs at Llanbadrig are composed of soft clay.

Geomorphology

The shoreline is almost entirely comprised of hard rock cliffs with
either gravel beaches or hard rock platforms forming the intertidal
zone. These areas show slow ongoing erosion of shore platforms and
undermining of steep cliff faces leading to intermittent cliff failures.
This produces a characteristic indented coastline, formed by
hydrodynamic exploitation of localised weaknesses in a generally
hard lithology.
Where the softer geological formations do occur, inlets or bays have
been created such as at Cemlyn Bay, Cemaea Bay, Porth Wen and
Porth Llechog.
Cemlyn Bay is deeply indented from the cliff line; a crescent shaped
gravel beach has formed across the bay from material eroded from
the outer sections of the bay. Behind this a brackish lagoon has
emerged.
Cemaes Bay is a collection of several small bays situated between
Wylfa Head and Llanbadrig Point, that are separated by hard rock
outcrops.
At Porth Wen there is a small beach within the bay.
Porth Llechog is predominately a rocky shoreline, but there is a small
sand and shingle beach in the lee of the headland of Ogof Goch.
At Amlwch the natural hard rock shoreline has been altered to provide
shelter within the natural inlet by the building of breakwaters.
Porth Eilian is a deeply indented by that is affected by waves that are
focussed into the bay by Trwyn Eilian. There is a small beach, which
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is now backed by defences, that protect the road behind.
Wave Climate

The nearest offshore wave climate described by the original SMP was
derived from the Meteorological office European Waters Wave Model
for a position off the north east of Ynys Mon (4.06°W,53.50°N). This
shows a wide distribution of wave directions, with but with a
predominant westerly origin. There are also significant contributions
from between the northwest and southwest.

Erosion and
Flood Risks

The soft clay cliffs at Llanbadrig are vulnerable to erosion.
There are areas of flood risk associated with the rivers that discharge
at Porth y Felin and Amlwch. At Amlwch this threatens numerous
properties and some industrial works.

Sediment
Dynamics

There is no sediment flux across the boundaries of this unit.
There is little alongshore sediment transport within this unit, the beach
sediments are generated by local erosion. Cemlyn Bay and Cemaes
Bay are so indented that they are effectively isolated from the shores
around them.

Structures and
Defences

At Wlyfa Power Station was built for materials and supplies to be
transported to and from the power station by sea. There is also a
small sea wall associated with the jetty.
Defences in Cemaes Bay comprise seawalls and a revetment.
At Amlwch two breakwaters have been built to create a harbour in the
natural inlet.

Historical and
Future
Shoreline
Evolution

There are also small seawalls at Bull Bay and Porth Eilian
The predominant hard rock in this unit retreats slowly. The Cemlyn
shingle barrier has remained stable over the past century.
To the east of the Cemaes Bay cliffs overlain by boulder clay are
eroding but without serious problems. The deeply indented bay at
Porth Eilian has a history of erosion.
In the future accelerated sea level rise will tend to submerge the hard
rock intertidal area, allowing larger waves to attack the cliffs above
and behind them. Where the rock is very hard this will have little
noticeable effect on the recession rate, but along the numerous soft
rock areas within this unit the accelerated recession should be
expected. Vulnerable areas include Porthllechog, Porth Eilian,
Cemaes Bay, and Cemlyn Bay.
The beaches would continually adjust towards a position of dynamic
equilibrium, the rate of which would be dictated by sea-level rise.
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Where constrained on the landward side, this is likely to lead to beach
steepening.
The Cemlyn barrier is likely to roll back, where it is free to do so,
under accelerated sea level rise. The steep hinterland behind the
valley could ultimately control the extent to which the barrier migrates
landward and any flooding that may take place.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.
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Unit 40 – Trwyn Eilian to Ynys Moelfre
Description

This unit extends south from Trwyn Eilian to Ynys Moelfre and
comprises the northern half of the east facing coast of Anglesey. It is
a relatively undeveloped frontage; the only buildings close to the
coastline are at Moryn and Portobello.
Within this unit is the estuary of Traeth Dulas, which is described in
the Estuaries Assessment.

Geology and
Physical
Controls

The bedrock geology varies along this coast. At the north it is
Ordovician slate. The underlying geology below Traeth Lligwy
comprises red sandstone of the Lower Devonian Siegenian period.
The geology to the south comprises carboniferous limestone. Clay
exposures are found at Dulas Bay and Lligwy Bay. The limestone of
Moelfre is also interspersed with cliffs of boulder clay.
The main physical controls are the headlands and associated rock
cliffs at the north and south of the frontage. In addition the rock
outcrops of Craig y Sais south of Dulas Bay, Graig Ddu and Trwyn
Porth-y-Mor in the middle of the frontage also act to control the
sandy bays.

Geomorphology

The rocks in the northern half of this section are hard, and are
fronted by steep rocky shore platforms. These areas show slow
ongoing erosion of shore platforms and undermining of steep cliff
faces leading to intermittent cliff failures. This produces a
characteristic indented coastline, formed by hydrodynamic
exploitation of localised weaknesses in a generally hard lithology.
The softer clay that fronts the southern half of this section has
allowed the formation of gravel, boulder and cobble deposits on the
foreshore, such as at Porthygichiaid and Porth Heiygen.
At Dulas Bay and Lligwy Bay soft clay cliffs and sand dunes front
low-lying hinterland. These bays are believed to have developed
their current form through siltation within the mouths of the drowned
valleys of the Afon Goch and the Afon Lligwy following the last
glaciation.
The spit extending south across Dulas Bay effectively protects the
Traeth Dulas estuary from significant wave exposure. The estuary is
described in the Estuaries assessment.
South of Traeth Lligwy the shoreline returns to rock cliffs until the
end of the unit at Ynys Moelfre.

Wave Climate

This unit is exposed to the relatively small waves propagating from
the north and northeast. It is well protected against westerly waves.
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The Traeth Lligwy Coastal Management Review (Bullen Consultants,
2003) derived an offshore wave climate for this area using four years
of data (1996 – 2000) from the nearest point in the Met Office
European Waters Wave Model. This showed a predominant wave
direction of west to south west. Only 20% of wind generated waves
and less that 15% of swell generated waves are from the north to
east quadrant.
The Futurecoast database describes inshore wave conditions at
Moelfre. The dominant wave direction was found to be quite broad,
from 330° to 090°. Wave heights of up to 2.75m were found from
between 0° and 030°.
Erosion and
Flood Risks

The soft cliffs north of Portobello are eroding, but this is not putting
properties at risk.
The only areas of flood risk are associated with the floodplains of the
Afon Goch and the Afon Lligwy.

Sediment
Dynamics

The boundary headlands of Trwyn Eilian and Ynys Molfre form
effective barriers to alongshore sediment transport into or out of this
unit.
The net longshore drift within this frontage is southeast towards the
Menai Straits, although there is evidence of some tide induced drift
reversals.
It is likely that finer sediment from the cliffs to the north of Dulas Bay
are transported south into the bay.
The estuaries assessment found that the Traeth Dulas estuary is
probably at full capacity in terms of sediment storage. It may
therefore act as a weak source of fine material.

Structures and
Defences
Historical and
Future Shoreline
Evolution

There are only some small private defences in this unit, including a
seawall at Pen-y-parc.
Historic rates of recession have not been quantified along this
section of coast.
In the future accelerated sea level rise will tend to submerge the
hard rock intertidal area, allowing larger waves to attack the cliffs
behind them. Where the rock is very hard this will have little
noticeable effect on the recession rate, but along the clay frontages,
accelerated recession should be expected.
The beaches and dunes of Traeth yr Ora and Traeth Lligwy appear
to be stable, but toe erosion will probably increase as water levels
more frequently come into contact with the backshore. Dune volume
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loss would encourage their landward migration.
Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
Bullen Consultants Ltd. (2003b) Traeth Lligwy Coastal Management
Review, report for the Isle of Anglesey County Council, December
2003, 61 pages.
The Futurecoast database.
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C.1.41

Unit 41 – Ynys Moelfre to Trwyn Penmon
Description

This unit extends south from Ynys Moelfre to the edge of the Menai
Strait at Trwyn Penmon. The coast is relatively developed, and
includes the settlements of Moelfre, Benllech and Red Wharf Bay, as
well as several smaller developments.
Conditions in the Menai Strait are described in the Estuaries
Assessment.

Geology and
Physical
Controls

Most of the coastal exposures are limestone with some granite and
glacial till on the north-facing section.
The bedrock in this unit forms a ‘v’ with its peaks at the boundary
headlands (Ynys Moelfre and Trwyn Penmon) and its trough close to
Croesfryn. This shape provides shelter to the central portion of the
unit, which, as a result, is an area of deposition.
At smaller scales local headlands act to trap numerous beaches,
including Traeth Bychan (between Penrhyn y Gell and Penrhyn) and
the beaches at Molfre.

Geomorphology

The geomorphic features of this unit include hard and soft cliffs and
embayed beaches of various sizes and sediments. The largest
feature here is Traeth-coch, or Red Wharf Bay, which is an extensive
intertidal sandflat extending between Trwyn Dwlban and Mor Awelon.
The hard rock areas show slow ongoing erosion of shore platforms
and undermining of steep cliff faces leading to intermittent cliff
failures. This produces a characteristic indented coastline, formed by
hydrodynamic exploitation of localised weaknesses in a generally
hard lithology.
The northern end of this unit between Ynys Moelfre and Traeth
Bychan is comprised of hard rock outcrops. At Moelfre there is a
gravel beach with rock outcrops.
Traeth Bychan is a relatively recessed embayment orientated to the
northeast, as a result it is only exposed to wave action in infrequent
conditions. Wave action is concentrated towards the south of the bay
where a shingle upper storm beach has formed.
To the south of Traeth Bychan the shoreline is comprised of softer
and more erodible cliffs.
At Traeth Benllech the soft rock cliffs drop down to the mouth of the
Afon Marchogion and then rise again to the headland of Trwyn
Dwlban. There is a broad intertidal zone consisting mostly of sand.
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The east-facing section of Red Warf Bay is characterised by rock
outcrops to the north of the Red Warf Bay village. To the south the
land elevation falls and the rock disappears. The channel of the Afon
Nodwydd runs parallel to this section of the shoreline and enters the
bay east of Croesfryn.
The north facing section of Red Warf Bay appears to be the product
of siltation of the drowned valley of the Afon Nodwydd following the
last glaciation. There is a raised beach below the glacial till deposited
at the end of the glacial phase. The upper areas of the beach have
risen above the intertidal zone and saltmarsh has begun to develop in
these inner areas providing a natural defence to the shoreline. The
rest of the beach is a combination of sandy deposits overlying
compressed sand and stones.
East of Red Warf Bay the shoreline is mostly comprised of hard rock
cliffs until the end of this unit at Trwyn Penmon. The intertidal zone is
comprised of a combination of gravel beaches and rock platforms. In
some locations softer geology has led to the formation of small bays
such as at Pen y Chwarel.
Wave Climate

This unit is exposed to the relatively small waves propagating from
the north and northeast. It is well protected against westerly waves.
The Traeth Lligwy Coastal Management Review (Bullen Consultants,
2003) derived an offshore wave climate for this area using four years
of data (1996 – 2000) from the nearest point in the Met Office
European Waters Wave Model. This showed a predominant wave
direction of west to south west. Only 20% of wind generated waves
and less that 15% of swell generated waves are from the north to east
quadrant.
The Futurecoast database describes inshore wave conditions at
Moelfre. The dominant wave direction was found to be quite broad,
from 330° to 090°. Wave heights of up to 2.75m were found from
between 0° and 030°.

Erosion and
Flood Risks

There are areas of erosion along this frontage but no significant risks.
There is a risk of flooding within river valleys at Moelfre, at Benllech
(the Afon Marchogion) and at Red Warf Bay (the Afon Nodwydd).
In addition the low lying land behind Red Warf Bay is at risk of
flooding.

Sediment
Dynamics

Ynys Moelfre prevents significant volumes of sediment entering the
unit from the north.
The general direction of drift within the unit is towards the south, and
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material may also be brought in from offshore. Sediments clearly tend
to become trapped in Red Wharf Bay.
Traeth Bychan is sufficiently indented that is can be considered to be
relatively self-contained.
Eroding cliffs to the south of Traeth Bychan contribute material to
Benllech Sands.
The headland of Trwyn Dwlban present a partial, but fairly ineffective
barrier to the net southwards movement of sediment.
Structures and
Defences

At Moelfre the defences maintain the highway and village
infrastructure and comprise several seawalls.
There is a small seawall and revetment at Traeth Bychan, and a small
revetment at Penrhyn Point. There are also seawalls at Bennlech
protecting the road and properties.

Historical and
Future
Shoreline
Evolution

Within Red Wharf Bay there are also several seawalls.
Rates of shoreline change have not been quantified in this area.
In the future accelerated sea level rise will tend to submerge the hard
rock intertidal areas, allowing larger waves to attack the cliffs above
and behind them. Where the rock is very hard this will have little
noticeable effect on the recession rate, but along the soft rock area
south of Penrhyn, accelerated recession should be expected.
There is evidence of beach erosion north of Red Warf Bay Village
suggesting that the river channel may be encroaching nearer to the
shoreline.
The shoreline at Traeth Benllech is relatively stable apart from the
currently defended frontage at Benllech, and no significant changes
are thought to occur. Traeth Bychan is vulnerable to erosion by waves
from the north east but such conditions are rare.
The effects of accelerated sea level rise within Traeth Bychan would
be erosion of the lower sand foreshore and rollback of the upper sand
and gravel beaches. The steep cliffs behind would control the ultimate
landward position of the barrier beach. The sandy bay at Benllech
would also retreat to a position of dynamic equilibrium. Erosion of the
lower foreshore and rollback of the intertidal zone and upper beach
would produce a low and wide barrier beach. Increased volatility of
the sand barrier is likely but the steep cliffs behind would control the
limit of landward migration.
Under accelerated sea level rise the sands of Red Wharf Bay would
tend to be submerged and retreat landward. Areas of foreshore that
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contain shingle would also rollback to produce a shingle barrier and
steeper and narrower beach. Areas of dune erosion would be
expected.
Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.
Bullen Consultants Ltd. (2003b) Traeth Lligwy Coastal Management
Review, report for the Isle of Anglesey County Council, December
2003, 61 pages.
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C.1.42

Unit 42 – Bangor to Penmaen-bach Point
Picture: Conwy
Morfa, with
Llandudno and
the Great Orme

Description

This unit extends northeast from Bangor at the mouth of the Menai
Straits to Penmaen-bach Point. The frontage here is fairly developed,
and for around half of its length, from Llanfairfechan to Penmaenbach Point it is backed by a railway and the A55 road. Bangor
Harbour is situated close to the western boundary.
The Menai Strait and the Conwy estuary are described in the
Estuaries Assessment.

Geology and
Physical
Controls

This frontage is protected by the eastern edge of Anglesey and by
Great Orme’s Head, to the northeast. Flows through the Menai Strait
influence sediment transport.
The docks at Porth Penrhyn are the most westerly physical control on
the morphology of this unit. The mouth of the Afon Ogwen acts to
control sediment movement to the west. Between Llanfairfechan and
Penmaen-bach Point the shoreline is controlled by artificial defences
apart from the rock outcrops at Pen-y-Clip and Penmaen-bach Point.
Most of the underlying geology here is mudstone with igneous
intrusions at Llanfairfechan and Penmaen-bach Point. Ash and
conglomerates make up the bedrock in the eastern section.

Geomorphology

Between Penrhyn Castle and Llanfairfechan the foreshore is a
massive intertidal zone of boulders and loose rocks, which covers
nearly the whole area of the north-eastern entrance to the Menai
Strait. To the east of Lafan Sands the foreshore is sand and shingle,
which also extends into the offshore zone, and almost meets with the
Dutchman Bank, an offshore mud and sandbank. Immediately behind
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the foreshore is a low-lying area several hundred metres in width,
beyond which rises gently sloping lowland with steeply rising
hinterland about a kilometre from the shore.
Between Penmaenmawr and Penmaen Bach Point the frontage
comprises a glacial till filled embayment within a steeply sloping
hinterland, which forms massive headlands of resistant igneous rock
at its extremities, Pen-y-Clip and Penmaen bach. Between these
headlands is a soft promontory at Dwygyfylchi. Much of the
intermediate coastline comprises simple cliffs composed of weak
sandy strata and reaching heights of approximately 25m. A shingle
foreshore overlies a flat sand lower foreshore backed by a storm ridge
and, at Dwygyfylchi, a clay bank.
Wave Climate

This unit is protected from wave attack by Anglesey, the mainland
and Great Orme’s Head. It is exposed to waves from the north and
East. Moreover the extensive tidal flats in much of this unit limit the
size of those waves that do enter the area.

Erosion and
Flood Risks

Areas of flood risk are associated with the Afon Ogwen, Aber Ogwen,
Coed Gyfynys, the mouth of the Afon Aber, and Llanfairfechan close
to the valley of Afon Llanfairfechan. There is a small risk associated
with the Afon Gyrach.

Sediment
Dynamics

The shoreline between Porth Penrhyn and Llanfairfechan has
developed as a result of movement of sediment from offshore dividing
at Pen-y-Clip and moving towards the Menai Straits by wave and tidal
action. The outfall of the Afon Ogwen forms a partial barrier to further
westwards movement of material from offshore. There is also likely to
be some minor transfer of material across the head of the docks at
Porth Penrhyn to and from the straits.
It may be that erosion of the clay cliffs north of Beaumaris on
Anglesey may reach the shoreline between the Afon Ogwen and
Llanfairfechan. There is also evidence of a weak westerly drift of
material across this section of the shoreline.
Pen-y-Clip appears to be a drift divide influenced by wave direction
and interaction with Ynys Mon, which separates the unit into two
sections with respect to sediment movement.
Between Pen-y-Clip and Penmaen-bach Point some material is
transported eastwards and around the headland into the Conwy
Estuary.

Structures and
Defences

There are sea walls that protect the Penrhyn Estate; however several
of these have reached the end of their useful life.
The shoreline between the mouth of the Nat-y-Felin-Fach and Pen-y-
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Clip the shoreline is controlled by artificial defences protecting the
railway and main road which runs parallel to the coast.
At Pen-y-Clip the defences are replaced by rock.
Beyond Pen-y-Clip the artificial defences protecting the railway and
main road resume until the end of the unit.
Historical and
Future
Shoreline
Evolution

West of Penmaenmawr the foreshore levels have been lowering,
perhaps due to the tidal scour.
The defences at Llanfairfechan and to the east between the
headlands of Pen-y-Clip and Penmaen-bach Point are in advance of
the natural position of the shoreline. In conjunction with the natural
drift they are causing beach erosion. Waves bringing sediment to the
Llanfairfechan combine with the orientation of the sea wall west of
Pen-y-Clip to produce an edge wave that moves sediment westwards
lowering the beach.
From 1963 to 1976, foreshore erosion at Penmaenmawr was coupled
with an increase in backshore width. No further change of either the
foreshore or backshore had occurred until the 1980’s when the
construction of the A55 trunk road required additional coastal
defences at Penmaenmawr including advancing the promenade
seaward. This interrupted the drift of upper beach shingle and
consequently caused erosion updrift at Dwygyfylchi. A gradual
decrease in foreshore width and only a minor increase in backshore
has since taken place.
The influence of sea level rise on this frontage is particularly uncertain
because of its effect on the already high tidal flows through the Menai
Strait. This is discussed in more detail in the Estuaries Assessment.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.

Appendix C Annex 2
Consultation

9t9001/R/303895/PBor
- Annex 2. 133 -

February 2011

3

Unit 43 – Conwy Estuary to Great Orme’s Head
Description

This unit extends from the mouth of the Conwy estuary to Great
Orme’s Head. The coast here is quite developed, including the golf
course of the North Wales Golf Club, the western frontage of
Llandudno, and the suburb of Gogarth.
Conwy Estuary is described in the Estuaries Assessment.

Geology and
Physical
Controls

Great Orme is composed of Carboniferous Limestone, which is
fringed by boulder clay. The Great Orme is linked to the mainland by
an old tombolo, behind which is Ordovican mudstone.
The main physical control on this frontage is the peninsula of Great
Orme’s Head. To a lesser extent the three rock breakwaters between
Tremlyd Point and the northern end of the Pen Morfa frontage act to
maintain the beaches there. The eastern part of Anglesey also acts
as an important control.

Geomorphology

The frontage from the mouth of the Conwy estuary to Great Orme, is
fronted by the extensive Conwy Sands. On the Great Orme the
intertidal area reduces and steepens, and the foreshore becomes
coarser being comprised of cobbles and boulders.
Llandudno is built on a large tombolo formed behind Great Orme.

Wave Climate

The Great Orme provides shelter to Pen Morfa and the Conwy
Estuary from wave directions north and east. The unit is also
protected from directions west and west-northwest by Anglesey. As a
result the unit is largely protected from wave attack.

Erosion and
Flood Risks

The road between Llandudno and Gogarth runs along the coast, and
has been protected with structures. Fishtail groynes have been used
to stabilise the Llandudno beach.
Much of Llandudno is low lying and may be vulnerable to coastal
flooding.

Sediment
Dynamics

There is sediment exchange between this frontage and the Conwy
Estuary. The Great Orme’s Head provides a very effective barrier to
the movement of sediment to the east.
Longshore transport carries material south from Great Orme Head to
the east bank of Conwy Bay. The boulder clay cliffs located to the
south of Great Ormes Head, once provided a supply of material to the
fronting beach and the beaches downdrift, but now this is insufficient
to prevent beach lowering along the seawall.

Structures and

The Pen Morfa frontage is controlled by numerous artificial defences.
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Defences

Historical and
Future
Shoreline
Evolution

Three shore-connected rock breakwaters and associated beach
nourishment scheme front a seawall and stepped concrete revetment,
which protect the majority of west Llandudno. A timber revetment with
rock toe protects the dune frontage north of Deganwy. Various ad-hoc
defences have been constructed around the Great Orme Head,
including some at the toe, particularly to protect the boulder clay cliffs
on the south west face
Prior to the construction of breakwaters and beach recharge, beach
levels at Llandudno were falling. During the latter half of the 20th
Century, coastal defences have caused an increase in backshore
width, but foreshore levels have continued to fall. The rock filled
timber revetment between Deganwy and Cerrig Duon has since
reduced erosion that was taking place since 1970.
The boulder clay cliffs on the Great Orme are only marginally stable,
and in the past have been subject to erosion. However they have a
very low recession potential. Under accelerated sea level rise they will
retreat at a faster rate. The resulting increase in landslides will
release additional sediment release into the local system.

Information
Sources

Conwy County Borough Council (2002) Ynys Enlli to Great Orme
Head, Llandudno Shoreline Management Plan: Stage 2 Final Draft
Plan Document.
The Futurecoast database.
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