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About Natural Resources Wales

Natural Resources Wales’ purpose is to pursue sustainable management of natural
resources. This means looking after air, land, water, wildlife, plants and soil to
improve Wales’ well-being, and provide a better future for everyone.

Evidence at Natural Resources Wales

Natural Resources Wales is an evidence based organisation. We seek to ensure that
our strategy, decisions, operations and advice to Welsh Government and others are
underpinned by sound and quality-assured evidence. We recognise that it is critically
important to have a good understanding of our changing environment.

We will realise this vision by:

e Maintaining and developing the technical specialist skills of our staff;

e Securing our data and information;

e Having a well-resourced proactive programme of evidence work;

e Continuing to review and add to our evidence to ensure it is fit for the challenges
facing us; and

e Communicating our evidence in an open and transparent way.

This Evidence Report series serves as a record of work carried out or commissioned
by Natural Resources Wales. It also helps us to share and promote use of our
evidence by others and develop future collaborations. However, the views and
recommendations presented in this report are not necessarily those of NRW and
should, therefore, not be attributed to NRW.
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1. Crynodeb Gweithredol

Mae ‘graean bras’ (shingle) yn derm anffurfiol am waddodion sy'n cynnwys
gronynnau gan fwyf y cyfeirir atynt yn gyffredinol fel ‘cerigos’ a ‘chobls’, ond a
allai hefyd gynnwys swm arwyddocaol o dywod a chlogfeini. Yng Nghymru,
mae graean bras yn bwysig am sawl rheswm, yn cynnwys rheoli risg llifogydd
ac erydu arfordirol (FCERM), cadwraeth geomorffolegol a daearegol,
cadwraeth natur a hamdden. Mae graean bras llystyfiant o bwysigrwydd
cadwraeth Ewropeaidd, dan risg o gyfuniad o ddatblygiad i ffin arfordirol,
rheolaeth dwys o draethau a chynnydd yn lefel y moér (“gwasgfa arfordirol”).
Mae graean bras llystyfiant yn fregus, ac yn hawdd i'w ddifrodi gyda symudiad
cerbydau, pobl a’r gwaddod ei hun. Er bod yna hanes hir o ymyraethau
FCERM ar draethau graean bras yn y Deyrnas Unedig, mae’r canllaw yn
ymwneud & rheolaeth arfer gorau yn gyfyngedig iawn. Mae CNC wedi nodi
angen i ddatblygu canllawiau gwell parthed gwaith ymyrraeth FCERM er mwyn
diogelu buddiannau ehangach nodweddion graean bras yng Nghymru. Mae’r
adroddiad hwn wedi ei baratoi i hysbysu datblygiad y canllaw hwn.

Mae tair tasg wedi eu cyflawni yn rhan o’r prosiect: (1) adolygiad o
lenyddiaeth, tystiolaeth, canllawiau a gwybodaeth bresennol i sefydlu gwerth a
rél nodweddion graean bras a chynefinoedd wrth gyflawni FCERM yng
Nghymru, yr ymyraethau FCERM a allai fod yn berthnasol i draethau graean
bras, strwythurau a chynefinoedd, a’r risg o effeithiau negyddol ar nodweddion
graean bras a chynefinoedd o ganlyniad i ymyraethau FCERM; (2) dethol
pedwar astudiaeth achos mewn gwahanol leoliadau amgylcheddol ble mae
ymyraethau FCERM wedi eu gweithredu; mae’r lleoliadau a ddewiswyd (Dinas
Dinlle, Niwgwl, Aber Dysynni a Pontllyfni) yn arddangos gwahanol broblemau,
gwahanol ymatebion rheoli hanesyddol, a gwahanol ddewisiadau ar gyfer y
dyfodol; (3) nodi dulliau arfer gorau a fydd yn sicrhau rheolaeth gynaliadwy o
gynefinoedd graean bras yng Nghymru yn y tymor canolig i hir, a’r gofynion ar
gyfer casglu data arolwg gwaelodlin a monitro dilynol.

Yn rhan o'r astudiaeth bresennol, mae 403 o safleoedd graean bras wedi eu
nodi ar arfordir Cymru, yn seiliedig ar asesiad o'r ffotograffiaeth o'r awyr mwyaf
diweddar sydd ar gael, data LIDAR ac arolygon ar droed o'r tir. Rhestrir y
safleoedd hyn a’u priodweddau yn Atodiad 1. Mae prif gorff yr adroddiad yn
ystyried agweddau allweddol o raean bras y mae angen eu deall wrth
ddatblygu strategaeth mesur graean bras FCERM priodol, yn cynnwys
priodweddau gwaddodol, natur prosesau graean bras, tirffurfiau a llystyfiant,
arwyddocad FCERM graean bras, a dulliau rheoli sydd ar gael. Fe ystyrir
pedwar enghraifft o astudiaethau achos, gan wneud argymhellion parthed
rheolaeth arfer gorau graean bras.

Yn rhan o arfer gorau, dylid datblygu cynllun rheoli traeth (BMP) graean bras
sy'n ceisio lleihau'r straen ar, a chynnydd gwytnwch cynefinoedd graean bras,
atal colledion, difrod neu ddarniad cynefinoedd a rhywogaethau, a cheisio
sicrhau gwerth a buddion yr amrywiaeth o wasanaethau ecosystem a
ddarperir. Dylid cadw amhariad ar yr arwyneb i isafswm er mwyn galluogi i
lystyfiant graean bras ddatblygu; mae ailbroffilio anaml o rannau uwch
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traethau a chefnennau traethau yn annog sefydlogrwydd a chroniad gwaddod
man gwagleol sy'n ofynnol ar gyfer datblygiad llystyfiant graean bras.

Yn rhan o BMP, dylid monitro lefelau traethau yn rheolaidd i ragweld
problemau a gofynion ymyrraeth cyn iddynt ddod yn broblemau mawr sydd
angen gwaith argyfwng. Dylid cyflawni astudiaeth arolwg gwaelodlin
geomorffolegol i hysbysu datblygiad y BMP ac unrhyw gynlluniau posibl,
gydag asesiadau ailadrodd ar ysbeidiau o 5 mlynedd wedi eu hysbysu gan
arolygiadau safle blynyddol a dadansoddiad o ddata monitro amgylcheddol.
Dylai'r astudiaeth arolwg gwaelodlin geomorffolegol gynnwys adolygiad o
lenyddiaeth gefndirol, archwiliad o fapiau hanesyddol, siartiau, ffotograffiaeth
o'r awyr data LIDAR, arolwg topograffeg i'r ddaear a data arolwg gwaddod,
asesiad o ddata prosesau arfordirol ac arolwg ar droed o'r safle. Os nad oes
data arolwg tir neu o'r awyr diweddar ar gael, dylid comisiynu arolygon newydd
i hysbysu’r asesiad, a chyn cyflawni unrhyw waith ymyrraeth FCERM. Yn
ogystal, dylid cyflawni arolwg gwaelodlin gan ailadrodd monitro ar ysbeidiau yn
ddibynnol ar bwysigrwydd a sensitifrwydd cadwraeth y safle.
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2. Executive Summary

‘Shingle’ is an informal term for sediments which consist predominantly of
particles which are commonly referred to as ‘pebbles’ and ‘cobbles’, but which
may also contain significant amounts of sand and boulders. Coastal shingle in
Wales is important from several standpoints, including flood and coastal
erosion risk management (FCERM), geomorphological and geological
conservation, nature conservation, and recreation.Vegetated shingle is of
European conservation importance, at risk from a combination of development
of the coastal margin, intensive beach management and sea level rise
(“coastal squeeze”). Shingle vegetation is fragile, and easily damaged by the
movements of vehicles, people, and the sediment itself. Although there is a
long history of FCERM interventions on shingle beaches in the UK, there is
only limited guidance relating to best practice management. NRW have
identified a need to develop better guidance relating to FCERM intervention
works in order to protect the wider interests of shingle features in Wales. This
report has been prepared to inform the development of this guidance.

Three tasks have been undertaken as part of the project: (1) a review of
existing literature, evidence, guidance and information to establish the value
and role of shingle features and habitats in delivering FCERM in Wales, the
FCERM interventions potentially applicable to shingle beaches, structures and
habitats, and the risk of negative impacts on shingle features and habitats as a
result of FCERM interventions; (2) selection of four case studies in different
environmental settings where FCERM interventions are applied; the locations
chosen (Dinas Dinlle, Newgale, Aber Dysinni and Pontllyfini) illustrate different
issues, different historical management responses, and differing future options;
(3) identification of best practice approaches which will secure the sustainable
management of shingle habitats in Wales over the medium to long term, and
the requirements for baseline data collection and subsequent monitoring.

As part of the present study 403 shingle sites have been identified on the
Welsh coast, based on an assessment of the most recent available aerial
photography, LIDAR data and ground walkover surveys. These sites and their
attributes are listed in Appendix 1. The main body of the report considers the
key aspects of shingle which need to be understood in developing an
appropriate FCERM shingle management strategy, including sedimentary
properties, the nature of shingle processes, landforms, and vegetation, the
FCERM significance of shingle, and available management methods. Four
case study examples are considered, and recommendations made relating to
best practice shingle management.

As part of best practice, a shingle beach management plan (BMP) should be
developed which seeks to reduce the stress on, and increase the resilience of,
shingle habitats, prevent loss, damage or fragmentation of habitats and
species, and seek to secure the value and benefits of the range of ecosystem
services provided.Surface disturbance should be kept to a minimum in order to
allow shingle vegetation to develop; infrequent re-profiling of the upper parts of
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beaches and beach ridges encourages stability and the build-up of interstitial
fine sediment required for shingle vegetation development.

As part of the BMP regular monitoring of beach levels should be undertaken to
anticipate problems and intervention requirements before they become major
issues which require emergency works. An adequate geomorphological
baseline study should be undertaken to inform the development of the BMP
and any potential schemes, with repeat assessments at intervals of 5 years
informed by annual site inspections and analysis of environmental monitoring
data. The geomorphological baseline study should include a review of
background literature, examination of historical maps, charts, aerial
photography, LIDAR data, ground topographic survey and sediment survey
data, assessment of coastal processes data, and a site walkover survey. If no
recent ground or aerial survey data are available, new surveys should be
commissioned to inform the assessment, and prior to any FCERM intervention
works being undertaken. In addition, an ecological baseline survey should be
undertaken with repeat monitoring at intervals depending on the conservation
importance and sensitivity of the site.
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3. Background: scope and purpose

3.1. The nature of shingle and the need for further guidance

‘Shingle’ is an informal term for sediments which consist predominantly of
particles (or ‘clasts’) which are commonly referred to as ‘pebbles’ and
‘cobbles’, but which may also contain significant amounts of sand and
boulders. Coastal shingle beaches and beach ridges in Wales are important
from several standpoints, including flood and coastal erosion risk management
(FCERM), geomorphological and geological conservation, nature
conservation, and recreation. In the past, shingle was also extensively
exploited as a resource for construction purposes, although this is no longer
the case. Shingle can form a variety of geomorphological features, including
intertidal bars, spits, storm beach ridges, beach ridge plains and forelands.
These features provide habitats which often support specialist flora and fauna
and which are of very restricted extent in Wales, and within Europe more
generally. A large proportion of the shingle resource which originally existed on
the Welsh coast has been destroyed or damaged by gravel extraction, coastal
defence works and urban development, and hence there is a need to ensure
that what remains is managed in a way which can maintain, and where
possible enhance, the geomorphological and nature conservation interests.
FCERM interventions such as beach re-profiling, re-cycling, channel clearance
and construction of hard defences can potentially have damaging impacts on
shingle features and habitats by destroying natural forms, interfering with
natural processes and disturbing shingle surfaces to the detriment of
vegetation and fauna. Over time, these changes may lead to habitat
fragmentation or loss, and impact directly on species.

Vegetated shingle is recognized as being of European conservation
importance, at risk from a combination of development of the coastal margin,
intensive beach management and sea level rise (“coastal squeeze”). Sneddon
& Randall (1993b) estimated the total area of vegetated shingle in Wales to be
less than 100 ha. Vegetated shingle is also a rare habitat in Europe as a whole
(Doody 2001a,b). Two shingle vegetation communities, Annual vegetation of
drift lines and Perennial vegetation of stony banks, are designated under
Annex 1 of the European Habitats Directive, and Coastal Vegetated Shingle is
a UK Biodiversity Action Plan (BAP) priority habitat (Maddock, 2008).

Shingle vegetation is fragile, and easily damaged by the movements of
vehicles, people, and the sediment itself. Projected increases in the rate of sea
level rise, and potentially the frequency and magnitude of storms, suggest that
the pressures on shingle beaches and beach ridges are likely to increase in
the near future as a result of direct erosion and, in many areas, more intense
beach management and/or hard coastal engineering interventions.

Although there is a long history of FCERM interventions on shingle beaches in
England and Wales, there is only limited guidance relating to best practice
management. Some guidance on shingle beach management for FCERM
purposes was provided in the first edition of the Beach Management Manual
(Simm et al., 1996), but this gave little attention to geomorphological and
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nature conservation aspects. A scoping study to determine guidance needs for
barrier beaches (including sand, shingle and mixed sand - shingle beaches)
was undertaken by Stripling et al. (2008) on behalf of the Environment Agency
(EA). These authors noted (p. iii) that “at present there is scant guidance
available which enables a balance between intervention and natural heritage
interests to be achieved, and coastal managers are sometimes left to struggle
through on a trial and error basis when seeking solutions”, and that “part of the
reason for the lack of management guidelines for barrier beaches is our
relatively poor understanding of the processes driving their short-term
morphology and long-term evolution”. The report reviewed the literature
relating to barrier beach processes and morphological change, methods of
predicting barrier overtopping, and management methods, and recommended
further research to underpin a Best Practice Guide. A catalogue of barrier
beaches in England and Wales was made available through a website, which
is no longer maintained. No major national follow-up study was commissioned
following this report, although a number of more locally-focused projects were
undertaken by individual EA regions (e.g. Dornbusch & Cargo, 2011), and
advice on a broader approach to shingle beach management was included in
in the second edition of the Beach Management Manual (Rogers et al., 2010).

The damaging UK winter storms of 2013-14 and 2015-16 brought the issue of
shingle and mixed sand-shingle beach management back into sharp focus,
particularly in southwest England and Wales. Emergency works, including
shingle beach / ridge re-profiling and importation of shingle or rock from
alongshore or external sources were necessary at many locations on the
Welsh coast. Following these events, NRW identified a need to develop better
guidance relating to FCERM intervention works in order to protect the wider
interests of shingle features in Wales. This report has been prepared to inform
the development of this guidance.

3.2. Work undertaken
Three tasks have been undertaken as part of the study:

(1) a review of existing literature, evidence, guidance and information to

establish:

e the value and role of shingle features and habitats in delivering FCERM
in Wales

¢ the FCERM interventions potentially applicable to shingle beaches,
structures and habitats

e the risk of negative impacts on shingle features and habitats as a result
of FCERM interventions

(2) selection of four case studies in different environmental settings where
FCERM interventions are applied; the locations chosen illustrate
different issues, different historical management responses, and
differing future options:
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e Dinas Dinlle and Morfa Dinlle — the impact of hard engineering
structures on shingle transport and maintained shingle bank flood
defences down-drift

e Newgale — the challenges posed by shingle ridge roll-back towards
significant coastal infrastructure, requiring consideration of asset
relocation and habitat creation through coastal adaptation

e Aber Dysynni — the effect of alongshore drift of shingle on maintenance
of land drainage and tidal exchange in a significant estuary (the
Dysynni), historically controlled by construction of a terminal groyne,
training walls and more recently by dredging and sediment by-passing

e Pontllyfini to Dinas Dinlle — where a combination of alongshore drift and
barrier rollover presents long term challenges for the maintenance of
land drainage and traditional agricultural practices in the coastal plain,
but also offers opportunities for the re-creation of dynamic coastal
landforms and a range of coastal habitats.

3) identification of best practice approaches which will secure the
sustainable management of shingle habitats in Wales over the medium
to long term, taking account of sustainable management of natural
resources principles, the steps necessary to determine the most
sustainable FCERM approach in any given area, requirements for
baseline data collection and subsequent monitoring and data
assessment.

As part of the present study a new assessment of shingle features on the
Welsh coast, including their FCERM significance, has been undertaken using
2009-2017 aerial photography, 1: 10 000 and 1: 25 000 Scale Ordnance
Survey maps, British Geological Survey 1: 50 000 scale geological maps,
LiDAR survey data relating to the period 2003 — 2017, discussions with
selected coastal managers and site visits to selected locations. An expanded
list of shingle localities in Wales has been developed which includes a total of
403 sites whose distribution is shown in Figure 1. A list of the largest twenty
sites in terms of extent of bare and/or vegetated shingle is presented in Table
1. The largest areas of shingle are found at East Aberthaw, Borth and Aber
Dysynni. In terms of area none of the Welsh sites approach the major shingle
formations found in England such as Dungeness (1742ha), Orfordness
(412ha), Chesil Beach (321ha) and Rye (234 ha), based on areal extents for
the English sites reported by Murdoch et al. (2009). Nevertheless, as
discussed later in this report, a number of Welsh sites are important in terms of
the combination of functions which they serve.

www.naturalresourceswales.gov.uk Page 17



’ I Liverpool Bay
340 00,
120080 %%
o
: ," Case Study 1:
s00d Dinas Dinlle and Morfa Dinlle
S Case Study 4:
Pontllyfyni to Dinas Dinlle
27
p o 20N
260 9
Case Study 3:
Aber Dysynni
Cardigan l
Bay %0
o Wales
230
L220
90 210
180 :
R Case Study 2:
Ny 1 ase .
: 2"""”;.
50
130 1
e 110 e
- 120 " “
20 80 e
40
Bristol
-3cale-(km) Channel g 10°
0 10 20 30 40 >

Figure 1 Distribution of the shingle sites identified in this study

Table 1 The twenty largest accumulations of Welsh coastal shingle by area

Site Site SMP2 Policy Development Zone Morphological Bare Vegetated
Number Type of shingle shingle shingle
accumulation area (ha) area (ha)
13 Pebble Beach, Barry The Knap to Watch House Beach Barrier 8.63 0.18
14 Porthkerry The Knap to Watch House Beach  Barrier 6.79 0.46
16 Watch House Beach, East Aberthaw The Knap to Watch House Beach Barrier Beach / Spit 38.25 0.73
42 Pwlldu Bay Mumbles Head to Worms Head Barrier Beach 3.16 0.94
44 Pennard Burrows Mumbles Head to Worms Head Barrier Beach 0.58 0.22
68 Amroth Beach Dolwen Point to Giltar Point Fringing 3.28 0.02
119 Pickleridge Beach Little Castle Head - St Anns Head  Barrier Beach Spit 1.98 4.70
157 Newgale Sands:Sibbernock-Newgale St Bride's Bay Barrier Beach 4.16 0.03
184 Aber Mawr St David's to Strumble Head Barrier Beach 1.03 0.00
220 Pen yr Ergyd The Teifi Barrier Spit 0.84 0.25
233 Aberaeron to Aberarth Aberaeron Plateau Fringing 4.09 0.00
246 Traeth Tanybwich, Aberystwyth Aberystwyth Barrier Beach/Spit 7.07 3.44
253 Borth Dyfi Barrier Spit 14.94 20.33
256 Tywyn to Aber Dysynni Dyfi Barrier Spit 8.30 24.06
262 Barmouth to Llanaber Barmouth and the Mawddach Fringing 2.63 0.00
269 Graig Ddu to Criccieth Coastal Snowdonia Barrier Beach 7.26 3.43
271 Afon Dwyfor Coastal Snowdonia Barrier Spit 9.05 12.37
275 Pen-ychain to Pwllheli The South Llyn Bays Barrier Beach 6.73 5.87
280 Porth Neigwl Trwyn Cilan to Carreg Ddu Fringing 10.19 0.00
297 Aberdesach north Llyn Barrier Beach/Spit 1.16 0.42
301 Pontllyfni to Ynys Menai Strait Barrier Beach/Spit 4.41 4.66
304 Morfa Dinlle Menai Strait Barrier Spit 14.61 11.89
346 Cemlyn Bay, Anglesey north Anglesey Barrier Beach 3.78 1.86
355 Dulas Bay, Anglesey East Bays Barrier Spit 0.35 0.02
368 Porthllongdy Spit East Bays Spit 0.70 0.16
396 Pensarn Little Orme to Clwyd Estuary Beach Ridge Plain 12.7 6.73
400 Barkby Beach to Gronant Clwyd Estuary to Paint of Ayr Barrier Beach / Spit 6.19 0.60
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The following information for each site is summarised in Appendix 1:

» location co-ordinates

e environmental setting

e morphological type

e nature of the back-beach

management intervention methods / structures present

main sediment type on the upper beach

main sediment type on the lower beach

area of bare shingle mapped from the most recent available aerial

photographs

e area of vegetated shingle mapped from the most recent available aerial
photographs

e conservation designations

¢ SMP2 management policy

e importance of the site for FCERM (both coastal erosion / coastal flooding risk
and inland (river) flooding

e importance for natural habitats and nature conservation

e importance as geomorphological features

e importance for historical and archaeological conservation

e importance for recreation

e importance in terms of economic or military use

The extent of bare shingle and vegetated shingle was estimated using the
most recently available aerial photographs of each area and GIS software. The
aerial extent values obtained provide only a snap-shot for the time the
photography was acquired, and in some areas there is uncertainty due to
variability in the proportions of sand and shingle present, but they do provide a
useful indicator of the relative variation in shingle extent between sites.

3.3. Report structure

The remainder of the report is divided into sections which consider the key
attributes of shingle and shingle features which need to be understood and
taken into account in developing an appropriate shingle management strategy
for FCERM which also takes into account other shingle interests. Section four
examines the sedimentary properties of shingle. A review of shingle processes
and landform features is provided in Section 5, while the nature of shingle
vegetation and other conservation interests is summarised in Section 6. The
FCERM significance of shingle in Wales is considered in Section 7 and
available methods for the management of shingle for FCERM purposes are
reviewed in Section 8. Section 9 presents the four case study examples and
Section 10 presents conclusions and recommendations regarding best
practice for shingle management in Wales. A series of tables listing the
attributes of each shingle site is presented in Appendix 1.
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4. The sedimentary properties of shingle
4.1. Particle size

Many engineers have used an upper size limit for shingle of 200 mm, which
corresponds with the upper size limit of medium gravel in the British Standard
Classification of Soils for Civil Engineering Purposes (BS:1377 Part 2,
1990).This size scheme uses a particle size scale based on the numbers 2
and 6 which was originally proposed by the Swedish chemist and agricultural
scientist A.M. Atterberg (1905), and which has since been widely adopted by
geotechnical engineers across the world (Figure 2). However, most earth
scientists have used an alternative size classification scheme based on size
intervals of root 2, developed by the American geologists J.A. Udden (1914)
and C.K. Wentworth (1922). By reference to the most recent variant of this
scheme (Pye & Blott 2012), ‘shingle’ is defined here as ranging in size
between 2 mm (the lower size limit of very fine gravel) and 256 mm (the upper
size limit of small boulders; Figure 2).

Some shingle deposits consist almost entirely of gravel size material (Figure
3a), but many contain significant proportions of sand and/or larger boulders
(Figure 3b). Such ‘mixed’ sediments can be classified in terms of the
proportions of gravel plus boulders, sand and mud, and described as ‘shingle’,
‘sandy shingle’, muddy shingle’ etc. (Figure 4). Sediments composed
predominantly of sediment particles (clasts) of any size larger than sand (>2
mm) are sometimes referred to as ‘coarse clastic’ (Orford & Carter, 1984,
1993).

The size distribution of shingle, like any other sediment, can be summarised
using a number of quantitative measures. The median, or D50, size is often
used in engineering literature as a measure of ‘average’ size, but this has little
meaning in the context of markedly bimodal sediments such as that shown in
Figure 3b. For this reason, the modal size (M1) or sizes (M1, M2, M3 etc) are
more useful parameters to characterize the different grain populations present
in bimodal or polymodal sediments. Measures of the range of sizes present,
sometimes referred to as ‘sorting’, can be provided by the difference between
selected percentiles of the distribution (e.g. D90- D10 or D75- D25), or by
calculated statistical measures such as the second moment of the distribution
or the ‘phi sorting’ measure of Folk & Ward (1957). A range of such summary
statistics can be easily calculated using computer programmes such as
GRADISTAT (Blott & Pye, 2001)
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Figure 2 Particle size class terminology proposed by Blott & Pye (2012), based on a
modification of Wentworth’s (1922) grade scale, compared with that used BS:1377-2 1990
(BSI 1990) and 1S0O:14688-1 2002 (ISO 2002)
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(a) Glanllynnau upper beach (Site 272)
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(b) Afon Wen upper beach (Site 273)
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Figure 3 Example particle size frequency histograms for samples of (a) clean upper beach
shingle sediment from Glanllynnau), and (b) bimodal mixed sand-shingle sediment from Afon

Wen, Gwynedd
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Figure 4 Example of a particle size ternary diagram, defined by the percentages of shingle
(gravel and small boulders , 2 — 256 mm), sand (0.063 to 2 mm) and mud (<0.063 mm) in
256 beach samples collected by Gwynned Council Coast Protection Department from
beaches between Aberdovey and Morfa Dinlle in 2010-2011

Shingle deposits commonly display a high degree of variation in particle size with
depth, across-shore, and alongshore (Figure 5). Active shingle beaches often show
considerable variation in particle size over time, reflecting fluctuations in wave and
tide conditions. For these reasons, it is important that sediment samples taken for
beach characterization purposes are sufficiently large in size and number, and taken
on a number of different occasions. In strategic sediment monitoring programmes
whose purpose is to identify potential change over a number of years, samples
should be taken at several positions along a number of cross-shore profiles at
defined intervals, ranging from 6 months to 5 years depending on the rate of
expected change). The minimum size of sample required depends on sediment size,
and recommended minimum values are provided in BS1377 (BSI, 1990). For
sampling of shingle beaches a standard sample size of approximately 25 kg has
often been specified for coastal monitoring purposes. However, where beaches
contain a high proportion of large cobbles and boulders meaningful sampling for
laboratory analysis is impractical and estimates of clast size distributions can usually
only be obtained by direct measurement in the field or from unmanned aerial vehicle
(UAV) photographs.
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1. VERTICAL VARIATION IN SURFACE PARTICLE SIZE (SECTION VIEW)
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2. CROSS-SHORE VARIATION IN SURFACE PARTICLE SIZE (PLAN VIEW)
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3. ALONG-SHORE VARIATION IN SURFACE PARTICLE SIZE (PLAN VIEW)

(a) Downdrift coarsening  (b) Downdrift fining  (c) Mixed homogeneous (d) Fining in centre (bay)
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Figure 5 Schematic diagram showing patterns of variation in particle size potentially found
on shingle beaches: (1) vertically; (2) cross-shore; and (3) along-shore.

4.2. Particle shape

The term ‘shape’ includes a number of different attributes of the three-
dimensional geometry of a sediment clast or other object, including form,
roundness and surface texture (Blott &Pye, 2008). ‘Form’ relates to the degree
of equi-dimensionally of the clast, ‘roundness’ relates to the sharpness of
corners and edges, and ‘surface texture’ relates to the degree of roughness or
smoothness of the particle surface. Shingle clasts vary widely in shape,
reflecting differences in their lithological composition, hardness and transport
history. The broad-scale form (elongation and flatness) of shingle clasts is
determined largely by the nature of the rocks from which the clasts were
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derived, including bed thickness, fissility and degree of jointing. The degree of
roundness and surface textural characteristics (roughness or smoothness is
determined partly by the method of clast formation, partly the material
hardness, and partly by the degree of abrasion experienced during transport.
Clasts which have experienced only a short period of water-borne transport
are commonly angular or sub-angular, while clasts which have previously
experienced length periods of fluvial or fluvio-glacial transport, or which have
been exposed to wave action for a long period in the surf zone, are often
relatively well rounded. Clasts composed of limestone, sandstone and slate
become rounded much more quickly than granite or gneiss. Cross-shore
zonation in particle shape, as well as size, is often seen on shingle beaches,
but although both cross-shore and alongshore patterns can show significant
change over time due to fluctuations in wave, tide and current conditions
(Bluck, 1967, 1999; Orford, 1975; Williams & Caldwell, 1988).

Hard, dense materials such as flint, chert, vein quartz, granite and greywacke
usually develop smoothly polished surfaces as a result of abrasion, whereas
softer materials such as limestone, Chalk and un-metamorphosed sandstone
usually have rougher surface textures.

Particle shape, in addition to size, can have a significant influence on the
mechanism and rate of clast movement when exposed to wave and current
influence. In general, equi-dimensional, well-rounded and smooth surface
clasts are moved more readily by fluid motion than non-equidimensional,
angular and rough-textured clasts.

4.3. Sources and lithological composition of shingle

The main sources of coastal shingle in Wales include:

e Glacial till exposed in coastal cliffs, the intertidal zone or on the sea bed

e Rocky coastal cliffs and shore platforms

e Relict coastal and/or marine shingle accumulations

¢ Biogenic production (shells, fragments of Sabellaria reef etc)

e Quarry and mine waste

e Rip-rap and rubble placed as ad-hoc shore protection

e Degraded concrete sea defences

e River-transported sediment from the hinterland

e Imported shingle and cobble from inland quarry sources used for beach
nourishment

e Imported shingle and sand from offshore sources used for beach nourishment

Wave reworking of glacial deposits is an important source of shingle on the coasts of
North Wales, Anglesey, Cardigan Bay and Pembrokeshire. Often the gravel and
boulders from such sources show a wide range of lithological types, including
igneous, metamorphic and sedimentary rocks representing distant as well as local
sources (e.g. Figure 6). The clasts are often angular or sub-angular unless they have
experienced significant exposure to wave action and associated abrasion (Figure 7).
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Figure 6 Compositionally heterogeneous mixture of cobbles and pebbles sourced primarily
from glacial till cliffs, Hen Borth, Anglesey

Figure 7 Upper beach formed of sub-angular cobbles and pebbles derived mainly by wave
reworking of local glacial moraine deposits exposed in the intertidal zone, north end of
Whiteford Sands, Gower

Where reworking of glacial deposits has not provided an important source of
material, shingle beaches usually contain a narrower range of lithological types
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which reflect geological exposures in nearby cliffs, intertidal rock platforms, up-
drift sedimentary formations or neighbouring river catchments. For example,
many of the shingle beaches in Cardigan Bay around Aberystwyth consist
largely of clasts of local Silurian greywacke (Figure 8), while the shingle
beaches on the North Wales coast around Llandudno and Conwy contain a
high proportion of locally derived Carboniferous limestone clasts.

Figure 8 Rounded clasts of hard Silurian greywacke and vein quartz at Borth, Ceredigion,
derived mainly from the cliffs around Aberystwyth. Note also the rounded clast of concrete in
the right-centre of the photograph

In some localities, including Pwlldu Bay, Morfa Conwy and around Llanelli,
tipping of quarry waste, industrial slag, and degraded sea defence structures
have provided significant local sources of shingle (Figure 9 & Figure 10).

Elsewhere, angular quarried rock has been placed on the beach specifically for
FCERM purposes (Figure 11).
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Figure 9 A barrier beach / barrier spit complex formed substantially of limestone quarry
waste, Pwlldu Bay, Gower

Figure 10 Fringing shingle upper beach composed of reworked slag, brick and concrete,
east of Burry Port
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Figure 11 Angular rock (mainly limestone with some sandstone) placed for FCERM
purposes at Llanfairfechan, North Wales

Gravel-sized clasts of recent biogenic origin (bioclasts) are found on many
shingle beaches in Wales but usually represent only a small percentage of the
total material. Accumulations of intact and broken shells are found fairly
frequently on the upper parts of shingle and mixed beaches, especially after
storms, but ‘chenier’ ridges composed largely of shell, of the type found in
parts of southeast and southern England (e.g. Richards & Pye, 2001), have
not been reported from Wales.

Much of the shingle now found on the Welsh coast, as in other parts of the UK,
was moved landwards from the nearshore sea bed by wave action during
early to mid-Holocene marine transgression. The process of landward
migration of shingle beaches and barriers continues today, in response to
storms and rising sea level, but at a slower pace than in the past. Many of the
available offshore sources of shingle have now been exhausted, and the
natural rate of new sediment supply to most shingle beaches and barriers is
low. A few exceptions are found close to sections of rapidly eroding cliffs.
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5. Shingle processes and landforms

5.1. Movement of shingle by waves and currents

In most areas around the Welsh and English coast, tidal current speeds close
to the sea bed are not sufficiently strong on their own to move clasts larger
than very fine gravel (although there are local exceptions where unusually high
current velocities occur), and most shingle transport is accomplished by waves
and combined wave / current action. The natural forward motion of swell
waves and low amplitude storm waves, which have a relatively low height to
wavelength ratio (low steepness) tends to move shingle towards the shore,
provided the water depth is sufficiently shallow for waves to touch bottom. In
the beach surf zone, forward wave motion under non-storm conditions is often
capable of moving both gravel and sand towards the shore, but off-shore
directed return currents (backwash) are capable only of moving finer particles,
leading to a concentration of shingle around the high water mark. However,
during severe storms, when nearshore waves typically have greater height and
steepness, shingle can be combed down the beach-face and moved offshore
where it accumulates as nearshore bars or shingle spreads. Unless the
sediment is moved far enough offshore to lie below the fair weather wave
base, or is moved alongshore and out of the system, shingle eroded from a
beach during storms is gradually moved back onto the beach by swell waves
and minor storm waves.

Shingle beaches are typically highly dynamic, and both the beach form and
distribution of different clast sizes can change quickly in response to forcing
processes. In high energy coastal settings, medium boulders, large boulders
and even very large boulders may be moved by wave action. During the
motion of mixed sediment sizes, larger particles show a tendency to move
towards the surface while finer particles show a tendency to move downwards,
leading to a coarsening —upwards pattern of grain sizes. As the coarse
particles on the surface are more exposed to fluid forces, under some
circumstances they may travel laterally at a faster rate than the underlying finer
sediments, a process known as ‘overpassing’ (Isla, 1993).

5.2. Swash and drift aligned beaches

Shingle beaches are sometimes defined as being ‘drift aligned’ or ‘swash
aligned’. Drift-aligned beaches are relatively straight and are characterised by
high rates of alongshore sediment transport, driven by wave crests
approaching obliquely to the shore, and in favourable situations fed by a
supply of shingle at the up-drift end a sediment transport cell. Alongshore
variations in wave energy conditions and local coastal orientation can cause
variations in the alongshore transport rate, leading to crenulations in the plan
form of the beach. Areas where the alongshore sediment transport rate slows
significantly are likely to see accumulation of sediment, forming local sections
of wider beach, progradational beach ridge plain or even a cuspate foreland
(‘ness’). By contrast, areas with locally enhanced sediment transport rate are
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likely to see beach narrowing and erosion of shingle ridges, dunes or cliffs
behind the beach, sometimes forming a shallow bay.

Swash-aligned beaches can be relatively straight where the dominant wave
approach direction is almost perpendicular to the shore, but more commonly
they have an embayed plan form, flanked by headlands, which is in quasi-
equilibrium with the crests of breaking waves approaching the shore. Periodic
(e.g. seasonal) changes in wave approach direction may cause temporary
movement of sediment from one end of the embayment to the other, but net
rates of alongshore sediment transport in any direction are low, especially
where the flanking headlands effectively form a closed sediment
‘compartment’. In situations where the supply of sediment to a length of coast
is reduced e.g. through natural exhaustion or construction of coast protection
or harbour entrance works, an initially drift-aligned shore may break down into
a series of self-contained swash-aligned embayments (Pethick et al., 2003).

5.3. Types of coastal shingle accumulation
5.3.1. Cross-shore distribution of shingle

Coastal shingle accumulations can be divided into a number of types
depending on their environmental setting:

e Subtidal accumulations
e Intertidal accumulations
e Supratidal accumulations

Subtidal accumulations may represent relict or partially reworked river, fluvio-
glacial or beach deposits, formed at a time of lower sea level during the
Quaternary. Reworking of material from such sources, and from glacial till
exposed on the sea floor and in coastal cliffs, has in some areas led to the
formation of subtidal and intertidal shingle banks and shingle lag deposit
formed when waves and currents selectively remove sand and mud. Such lag
deposits may form thin sheets over wide areas of the sea bed or form channel
infill deposits.

Intertidal shingle deposits may take the form of mobile gravel bars, mega-
ripples, gravel dunes and gravel sheets, or immobile (sometimes cemented)
lag deposits (e.g. Figure 7 & Figure 12). The latter are most commonly found
on the mid or lower parts of the foreshore (the zone between the mean low
water mark and the mean high water mark). Many such deposits are formed as
lags during the process of landward barrier recession. In some instances the
exposed mid or lower foreshore gravel is continuous with the upper beach
shingle berm but is buried by a relatively thin veneer of mobile sand.
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Figure 12 Mid-foreshore lag deposit composed of infrequently moved small boulders and
shingle, Kenfig, South Wales

Three main types of marine shingle beach can be identified on the basis of cross-
shore sedimentological variation (Pye, 2001):

Type 1 - beaches dominated by shingle down to mean low water level

Type 2 - beaches with an upper beach face and storm ridge composed
of shingle and a lower beach composed largely of sand, although
patches of shingle may also be present (in some instances a rock
platform rather than sedimentary lower beach may be present)

Type 3 - beaches where mixtures of shingle and sand occur across most or all
of the intertidal profile.

Type 2 beaches are the most common in Wales, although following severe storms
mixtures of sand and gravel are often seen across a large part of the foreshore
(Figure 13).
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Figure 13 Upper beach and storm beach ridge composed of shingle at Pensarn, North
Wales (photograph taken close to time of high tide)

5.3.2. Shingle features classified on the basis of plan form

Shingle beaches and storm beach ridges can also be classified in terms of
their coastal setting and the plan form of the shingle accumulation. A number
of previous authors (Oliver, 1912; Chapman, 1976; Randall, 1977a; Sneddon
& Randall, 1993; Doody, 2001) recognized five types, namely (a) fringing
beaches, (b) spits, (c) bars (or barriers) (d) apposition beaches (or cuspate
forelands) and (e) barrier islands. In this study six main types (A to F) and a
number of sub-types are identified on the basis of plan morphology (Figure
14). Most of can be found in open coast, large embayment and estuarine
settings, although tombolos, beach ridge plains, strand-plains, delta fans and
forelands are very rarely found in estuaries.
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Figure 14 Schematic representation of the main morphological types of coastal shingle
5.3.2.1. Pocket beaches

Shingle pocket beaches are usually of short length (< 1 km) and occur at the head of
a relatively small embayment which is deep relative to its width. In Wales they most
commonly occur on indented sections of rocky open coast (Figure 15), but they can
also occur within estuaries and tidal inlets. Although they sometimes block the
discharge of small streams and may provide protection against wave attack on
human infrastructure behind the beach, most pocket beaches are backed by non-
developed rising ground and are of low FCERM significance. The shingle may be
restricted to a narrow zone close to the high water mark or may extend across a wide
area of the foreshore, partially and/ or periodically buried by sand.
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Nolton

Bay

Figure 15 Aerial photograph of Nolton Haven, Pembrokeshire. An example of a pocket
beach with shingle upper beach and wide sandy lower beach

5.3.2.2. Fringing beaches

Fringing shingle beaches are the most common type found in Wales, occurring
on the open coast, within embayments of many different sizes, and within
estuaries such as the Dee and Severn. The size of the shingle accumulation
can vary widely, ranging from a narrow, relatively thin strip to a wide, high,
ramp-like accumulation. Fringing shingle beaches vary in length from a few
hundreds of metres to several kilometres, often forming a ramp or berm in front
of a cliff, sand dune or artificial sea defence (Figure 16, Figure 17, Figure 18 &
Figure 19), and fronted by a lower, flatter beach which is predominantly sandy.
In some instances the active beach face, which is regularly worked by waves,
grades into a storm beach ridge with a clearly defined crest. The ridge itself
may provide a barrier to flooding but fringing beaches which occur in front of
coastal defences most commonly have FCERM significance because they help

www.naturalresourceswales.gov.uk Page 35



to dissipate wave energy, reduce the risk of wave overtopping and reduce the
required design standard of the man-made defence behind.

Figure 16 Fringing shingle upper beach in front of sand dunes at Aberdovey

Figure 17 Fringing shingle beach in front of eroding soft cliffs, north of Aberaeron, Cardigan
Bay
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Figure 18 Example of a narrow fringing shingle upper beach, Amroth, Carmarthenshire 2017

Figure 19 Example of a relatively wide fringing shingle and boulder beach in front of
concrete sea defences and Aberthaw Power Station, both partially built on top of shingle

www.naturalresourceswales.gov.uk Page 37



5.3.2.3. Barrier beaches

Barrier beaches usually consist of a laterally extensive shingle or sand beach
and shingle ridge which separates the sea from low and potentially floodable
land behind; it may be broken at intervals by small streams. An example is
found between Criccieth and Craig Ddu in Tremadoc Bay (Figure 20).
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Figure 20 Aerial photograph (a) and Composite LIDAR DTM (b) of the Criccieth — Craig Ddu
shingle barrier beach with Cambrian Coast railway line immediately behind. The Afon Cedron
once reached the sea towards the western end of the barrier but now discharges through an
artificial cut at the eastern (up-drift) end. Excavated shingle forms two vegetated NW — SE
oriented mounds on the west side of the cut. The shingle ridge is subject to localised wash-
over during storms and any transgressive shingle reaching the Cambrian Coast railway line
is removed reactively
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Where a barrier joins an island with the mainland, it may be described as a
barrier tombolo. There are few such examples in Wales. A short tombolo, now
largely covered by commercial buildings, links a glacial till outlier with the
mainland at Gallow’s Point on Anglesey, but does not form a barrier. The
heavily modified shingle and sand ridge to the west of Carreg yr Imbill near
Pwillheli could arguably be called a barrier tombolo, although the western half
is more typical of a barrier beach (Figure 21).
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Figure 21 Aerial photograph (a) and LIDAR DTM (b) of the Carreg y Defaid — Carreg yr Imbill
barrier in northern Tremadoc Bay. At its western end the barrier is low and consists of
relatively coarse shingle ridge which has been reinforced with rock armour; at the eastern
end near the former island of Carreg yr Imbill, the barrier is much wider and consists of
dunes overlying mixed shingle and sand. The section of barrier between South Beach and
Carreg yr Imbill could arguably be classified as a tombolo, while the section between Carreg
yr Imbill and the entrance to Pwillheli harbour has the form of a spit. Aerial photography flown
2013-14, composite LIDAR DTM flown 2013-15
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If a barrier is attached to the mainland only at one end it may be described as

a barrier spit. Open coast barrier spits can be single features or form part of an
‘en-echelon’ series of multiple spits (not found in Wales), with shallow lagoons
or areas of intertidal marsh behind. Single or paired spits can also be found at
the entrance to, or within, estuaries and bays.

There are a considerable number of barrier spits in Wales; examples are found
at the mouth of Afon Dwyfor in Tremadoc Bay (Figure 22), at Tanybwich at the
mouth of the River Ystwyth in Cardigan Bay (Figure 23) and at Ro Wen
(Fairbourne) at the mouth of the Mawddach estuary (Figure 24). Although
barrier spits do not entirely act as a barrier to tidal flooding of the areas behind,
the narrow nature of the associated inlets reduces storm surge and wave
ingress.

MHW in 1888
MHW in 2014

Figure 22 The Afon Dwyfor barrier spit, Tremadoc Bay. Note the very narrow nature of the
spit at its neck. (a) Aerial photography flown 2013-14; (b) LIDAR DTM flown 2014
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Figure 23 The Tanybwich barrier spit at the mouth of the River Ystwyth. Note that the river
has cut into the back side of the ridge as it has moved landwards, requiring placement of
rock armour on the outside meander bend. The Tanybwich barrier now receives very little
new shingle from the cliffs and fringing beaches to the south and the southern end of the
barrier has narrowed considerably in recent decades, despite rock armour protection. Long-
term maintenance of the barrier in its present form was judged by Pethick et al. (2003) to be
unsustainable. (a) Aerial photography flown 2013; (b) LiDAR digital terrain model, flown 6" to
13" January 2012
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Figure 24 Ro-Wen (Fairbourne) Spit (buildings removed). At the extreme southern end near
the Friog cliffs the barrier is very narrow and composed of coarse shingle and cobbles; much
of the rest of the west-facing part of the barrier has a uniform width and consists of smaller
shingle and cobbles, while the northwest-facing northern section is composed of finer shingle
and sand capped by dunes. Much of the ridge is backed by concrete defences which provide
additional coastal flood protection for the village, Fairbourne light railway and access road to
the Barmouth ferry. Concerns about diminution of the shingle / cobble upper beach at Friog
have led to proposals to import 4000 tonnes of cobble from an inland quarry source. (a)
Aerial photography flow 2013; LIDAR DTM flown 2009

The Esgair Cemlyn shingle ridge on Anglesey was initiated as a barrier spit but
is now attached at its northern end to an artificial mound and weir structure
which spans the entrance to Cemlyn Lagoon (Figure 25). The ridge receives
little new sediment and is migrating slowly landwards by washover during
storms (Pye & Blott, 2010, 2016).
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Figure 25 Esgair Cemlyn, Anglesey: an example of a relatively narrow shingle barrier which
originated as a spit with a shallow tidal lagoon and intertidal flats behind, but which is now
attached to an artificial mound and weir which regulates water levels in the lagoon

5.3.2.4. Beach ridge plains

Multiple beach ridge plains form where the medium to long-term beach and
nearshore sediment budget is positive, allowing seaward accretion of new
beach r