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SCOTTISH NATURAL HERITAGE AND COASTAL EROSION

Most beaches in Scetland are inherently dynamic in character and are subject to periodic coastal
erosion. Along with sediment transport and deposition, this erosion is necessary for the creation,
conservation and integrity of many of our unique coastal habitats, landforms and landscapes. As
far as is possible within the constraints of public safety, Scottish Matural Heritage advocates
approaches fo erosion management which retain the natural coastal habitats, processes and
lundscapes and which enable Scatland’s coastlines to evolve naturally with minimal human
intervention.



Preface

Sandy keaches end dunes are an ofiractive and valuable element of Scottand’s natural heritage. They are imporiont
for informal recreation and amenity, for nature conservation and, of course, as the basis of the couniry’s renowned
golflinks. They are clso highly dynamic landforms, susceplible te erosion and change which may threaten those

developments and land uses sited nearest the sea.

This Guide does not offer ‘solutions’ ta coastal erasion. The most appropriale response in each situation will differ,
depending upan various foctors such as the nature and value of the asset at risk, the coaslal processes alfecling the

site and the area’s noture conservalion interests,

Instead, it reviews the options available for meneging erosion, from nonintervention thraugh to consiruction of
revetments ond seawalls, and offers guidance on how to select ar design the most apprapriate response 1o a
particular situation. Critically, it describes and illusirates how each technique might best be designed so as te minimise

domage lo the natural heritage and reduce the prospects of altering shoreline evolution elsewhere.

Through i, Scottish Natural Heritage sezks to encourage coastal autherilies ond manogers to implement approaches
to erosion management which maintain the impartant and varied conservation interests of Scotland’s unique beach

and dune systems.

The Guide was prepered for Scottish Natural Heritage by HR Wallingford. The Project Manager for HR Wallingford
was Mr Tom Coates. Confributing authors were Dr Alan Brampton, Mr George Motyka and Mr Tom Coates. The
SNH Project Officer was Dr George Lees.

October 2000.
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1. Introduction

Dunes are an important feciure of Scotland's coastline. They range in character from the pocket beaches and
machair systems of the wet and wind-swept north-west coosts (Plate 1), to the long, broad belts of dunes on the
sast and south-west coasts that are so favoured for golf links (Plate 2), The distribution of dunes around the
Scoftish coast is fllustrated in Figure 1,

Dune systems are usvally fronfed by sand beaches, more rarely by beaches of gravel and sand. Many of the
major dune areas were originally formed several thousand of years age from sand produced by the action of
glaciers and delivered 1o the coast by rivers in the last ice Age. As sea level rose 1o approximately its present
level the sand was driven onshore and formed into dunes by onshere winds. Continual modification by waves,
tides and winds has produced the situafion found today. Under natural conditions dunes undergo periods of
growih and erosion with each pracess contributing to their dynamic evolution. It is only when the coastal area
becomes developed for recreotion, hausing, transport, indusiry or military facilities that these natural processes
are perceived as problems needing lo be managed.
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Figure 1 Location of major Scottish dune systems




From the perspective of coastal management dunes protect low lying coastal areas from flooding ond dlso act
as a buffer against erosion: they form a reservoir of sand, replenished when beach levels are high and released
to nourish the foreshore during storm erosion. They are also areas of considerable scientific, conservation,
landscape and recreational value. Because of these aiiributes they are important fo @ wide range of human
activities, and their management is seen as an important objective in planning and usage of the coastal zone.
Unfortunately, there has been a long history of peor management of coastal dunes, with unnecessary,
expensive and unattractive engineering works having been undertaken that have often caused more problems
than they have solved. Present day dune management in Scotland is undertaken by various groups, including
local land owners, golf clubs, the Unitary Councils, Scottish Natural Heritage and the Ranger Service.

This Guide summarises the natural processes that build and erede dunes and discusses the impacts of human
activities. The Guide then describes methods for the management of marine erasion, with an emphasis en
methods that cause minimum disruption to natural dune evelution while still providing acceptable protection to
the assets at risk. There is an underlying assumption that natural erosion of dunes is not a problem in
itself, and that erosion normally only needs to be controlled to protect human assets at risk. Both the
leng-term and shorterm perspectives on processes and management are considered. Referances are provided
to complementary publications that describe the prevention and repair of erosion caused by wind action and

people.

Scollish Natural Heritage [SNH) commissioned this Guide fo assist in the practical management of marine
erosion alorg dunes and beaches. It is written for use by all argonisations ond individuals involved in the
practical management of coostal dune systems in Scotland, including Local Authoriiies, coastal consultants, the

Ranger Service, landowners and golf course managers.

The Guide is not intended to provide an in depth view of coastal processes, as this subject is covered in
numerous fexts {see for example the Beach Management Manual, CIRIA, 1994). Noris it infended to cover the
well documented methods for the preveniion or repair of damage to dunes caused by wind aclion, recreafion or
grozing (see for example the Sand Dures Handbook, BICY, 1994). However the Guide does recognise that
management of marine erosion of dunes will often need to be carried cut in combination with protection or

repair of domage from other causes.

In preparing this Guide the authars visiled a number of dune systems around Scolland, observing different
erosion control schemes and discussing the surrounding issues with landowners, engineers, Rangers, SNH staff
and recreational users of the shoreline. The authors have also reviewed UK and international literature on dune

erosion and management.

The text staris with a brief description of the interactions between dunes, beaches ond the seq, considering both
the lengerm evolution of coastal dunes in Scotland and the shorterterm changes. The many aftributes of dunes,
and the different perspectives that people hove of them are discussed. These aftributes need to be considered
before undertaking any management operations, particularly if sustainable and environmentally ccceptable
solutions are to be devised. The responsibilities and powers of various autherities that may be involved in
coastal protection or dune management schemes in Scotland are briefly summarised. Discussion then maves on
fo erosion management from a siralegic perspective. Finally an ovarview is presented of the various
management approaches availgble and a guide provided on the selection of the most appropriate methods for

a given sile.

The References and Bibliography include a wide range of enfries that are intended to provide useful further
reading. Included are regional references to the Scotiish coas!, guidance for dune menagement operations and
useful bockground reading on coastal processes. A glossary of ferms and abbreviations is included.

The remainder of the Guide is given aver lo Appendices, comprising:

1. A set of stand alone summaries that describe potential erosion management approaches with sufficient
information to assess applicability fo specific sites and to get small projects underway. The summaries
concentrate on those approaches that are low cost and will have limited impact on the environment, coastal
recreation and the landscape. Major coast protection schemes are not covered in any detail as it is assumed
that they would be designed by competent engineers with the support of spacidlists; in these cases the
summaries only provide sufficient informatian to assist readers in assessing proposed schemes at the planning

stage and to help idenfify elements of good pradtice that these schemes should embrace.

2. A discussion of methods for monitoring coastal ercsion and change in dune systems, using either low cost
observafional techniques or specialist techniques and measurements. Protocols and proformas are included

for low cast techniques.



2. Dunes, beaches and the sea

Plate 1

Typical Highland

beach-dune system,

Strathy.
Dunes are a dynamic, but fragile coastal landform, The interactions between dunes and beaches lie af the
heart of this menual. The changes brought about by the natural processes of winds, waves and tides are rarely
gradual or predictable. Rather they are episodic, with periods of litle or no change followed by times of
intense activity, most obviously during slorms when dunes may be eroded ropidly, their seoward faces receding
many mefres in o few days. Cften these events go unnoticed by local residents or land-owners, with subsequent
re-building of the dunes by wind aclion in the following weeks and months. However, when domage oceurs
with litle or no natural restoration of the dunes aver a period of severai years, then concemn orises, espacially if
there are important assets at risk to the landward (Plafe 2). It is vsually as a result of such events that
intervention works are undertaken, sometimes later proving to be unnecessary or damaging to the natural
beach/ dune system.

Plate 2

Sustained coastal
erosion has affected
Mantrase golf course in

recenf years.

2.1 Long-term evolution of dunes

2.1.1 Sources of sand for dunes

Most dunes in Scotland are formed from sand preduced and delivered 1o the coast by glaciers, or rivers
draining from them. This means thot the major source of sand started to decline about 10,000 years ago at the
end of the last Ice Age, and has now virtually disappeared. Present day supplies of sand are modest in
comparisan. The generally hard rocks forming cliffs and the nearshore seabed around much of Scotland yield
litlle fresh sand for the beaches. Some rivers in Scotland stifl supply sand to the coastline, although much of this

setles out in estuaries rather than travelling diractiy to the open coast.
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Plate 3

White calcareous sand
beach, Lingay Strand,
N Ulist,

In many areas, the only new sand for beaches and dunes is derived from broken shells (Plate 3). This serves a
double purpase, firstly replacing sand lost from the beaches and dunes and secondly providing minerals that

ore taken up by the dune vegelction, encouraging growth and therefore sand stabilisation and retention.

Plate 4

Little fresh sand is
being added to
Scotland’s beaches
today. Sand or shingle
removed from beaches
is not replaced
naturally and can lead
to beach lowering and
subsequent dune

erasion.

2.1.2 Losses of sand from dunes

Sand is continually being lost from the open coast. Waves transport beach material into more sheltered areas
(e.g. esluaries) or carry i offshore, to selfie out on the secbed. In addition wave aclion slowly abrades even the
hardest pebbles and sand grains, with the very fine particles being carried away by winds or currents either to
seaward or londward. The rate of sand loss from beaches in Scalland generally exceeds the supply of new

sand and resulls in long term landward retreat.

A further cause of long-term shoreling retreal is the rise in mean sea level relative to the land. In recent cenluries,
Scotland has not greatly suffered from the increase in global sea levels, which has been averaging about Tmm
io 1.5mm/year. This is becouse much of mainland Scotland is ilself increasing in elevation as the landmass
recovers isostatically from the superimposed weight of the ice laid over it during the lost Ice Age. In the western
Highlands of Scatland, this process is still oceurring faster than the increase in see level, leading 1o a nett lacal
lowering of sea level relative to the coastline. Elsewhere in Scotland the rate of global sea level rise now
matches or exceeds that of the landmass, with ¢ resultant nett increase in local sea levels. As sea level rises

relative to a beach, there is an inevitable 1zndency for the shoreline to move inland.



In the future, the consequences of atmospheric pollufion, and hence global warming, may include an
acceleration of the increase in mean sea levels around the wosld. As a consequance, large parts of the coast of
Scotland may begin to experience, for the first time in thousands of years, o nett increase in sea levels. In other

areas, the existing rate of sea level rise may substantially increase.

2.1.3 Consequences for dune evolution

Most dunes in Scotland can be expecled to retreat in the leng4erm, as a result of both o general loss of the

existing sand and in response to beach retreat under the influence of sea level rise.

There are, however, exceptions e the general irend of longterm erosion. There are some sandy heach/ dune
areos around the coast of Scatland that have been gaining sediment and advancing seawards. Usually, the
sond that is accumulating in these creas has been remaved from other parts of the coastline {often from dune
erosion), and carried along the beaches by longshare drift. This long-term re-distribution process typically
occurs where sand has been deposited in large dune sysiems thousands of yeors age, when sea levels and
wave conditions would have been very different from those of today. Erosicon of these ancient dune systems
may conlinue indefinitely, with the sand they lose being transported and deposited elsewhere along the

coastling, often leading to the creafion of new dunes.

Ir the vicinity of river mouths, tidal inlets or estuaries, other redisiribution mechanisms are at work. The
combination of wove action and fidal currents will iransfer sand from one side of an estuary to another. In some
cases, they also remove sedimenis from inside the estuary and depesit it outside on the open coastline to
produce new dunes. Elsewhere, the opposite process occurs: beaches and dunes outside the estuary mouth

erode, and the sand they lose travels into the estuary, slowly Ffilling it.

Overall, the longterm pattern of evolution of sandy beaches ond dunes in Scotland is of loss of sand and o
general landward retrect. Where beaches and dunes are gaining sond, then this is almest always af the
expense of beach and dune erosion elsewhere along the coast. Even these gains might prove transient as the

processes leading to growth may well change, resulting in rapid erosion of the accumulated sand.

2.2 Short-term dune evolution processes

The longterm patterns of dune evolution described above, although producing underlying trends of change, are
often difficult to deiect because of substantiol and rapid changes in dunes in the shortterm (i.e. aver days or

weeks). |i is usually severe shori-term erosion events, occurring either singly or cumulatively over a few years,

thot cause concern and lead to attempts to influence the natural processes.

Piate 5

Beach-dune sysfems
undergo cyclical
chenges in appearance
due to broadly
seasonal weather
patterns. Under
fairweather conditions,
sand collects on the
upper beach and dune
face. When slorms
accur this is remaved,
giving the dunes an
eroded appearance
even though there moy
not be any long-term

erasianal trend.

Dunes are dynamic landforms that respond to changing conditions along the coast, usuclly brought about by
the varying weather. Coastal dunes accumulate sand blown inland from the beaches in front of them by
onshore winds [oceretion). They lose sand by o voriety of mechanisms, divided here into two main classes:

© deflation caused by winds

@ marine erosion caused mainly by waves.




2.2.1

Plate 6

Sond accretion on
backshore fixed by sea-
lyme and marram gross

to form embryo dunes.

The main concerns obout dunes usuolly arise when i is perceived that the erosion processes have removed
maore sand than the accrefion processes can replace aver time scales of months or o few years and this erosion
threatens developed areas, infrastructure, commercial interests or imporiant natural assets. Problems can also
arise when accrelion dominates, because the excess of sond blows inland affecting agriculture, blocking roads
or even inundating built up areas. Natural erosion or accretion of undeveloped dune systems is not normally
considered to be o problem, but rather an integral part of geomorpholegical evolution. A brief description of

the accretion and erosion processes is set out belaw.

Accretion of dunes
The basic requirements for the formation of coastal dunes are:

@ a supply of sand over o wide drying foreshore
@ a buckshore area of low relief

@ predominant onshare winds for ot least pari of the year.

Dunes usually begin 1o form at the crest of a beach, with wind-blown sand accumulaling around small objects
such as clumps of seaweed, driftwocd or other debris cast up alang the strand line. Once farmed, the low hills
of loose sand are colonised by saltiolerant, pioneer plants that both increase the resistance of the surface layer

of sand to wind erosion and reduce the wind speeds over the surface (Plate 6). The embryo dunes or

foredunes will continue growing, unless they are desiroyed by wave aclion at high tide levels.

In Scotland the main pioneering colonisers of ioose sand include sand couchgrass (Efymus farctus) and lyme
grass {leymus arenarius]. They are able to withstand short periods of immersion by seawaler and have long
roots, rhizomes and runners, which help te bind the surface grains and extend the vegetative cover laterally. As
ihe foredunes graw vertically above the level of wave run up, they are colonised by morram grass {Ammophilo
arenaria), which thrives on continual burial by the blown send depasits, The marram dominated dunes remain
unstable and are known as yellow dunes due 1o the exposure of sand between the clumps of vegaiation. If new
foredunes develop lo windward of the yellow dunes, the marram ceases to be supplied with fresh sand deposits,
and ather species colonise and stabilise the dune surface. Lichens typically carpet the sucface between other
species, often giving the dunes a grey appearance and hence the name grey dunes. The composition of the
ultimate vegetation cover will vary depending on the soil chemistry, with the calcium rich sands of some paris of
Scotland giving rise fo speciesrich grasslands. Where strong winds and gales regularly influence the dune
system sand may be blown some distance inshare, forming the machairs typical of the Western lsles.

The rate of dune vegelation growth depends on the climatic conditions, with grawth in some regions being
inhibited by low rainfall and extreme temperatures. Around Scotland's coastline, however, the wet and windy

weather generally allows rapid ond vigorous growth of dune vegetation.

Ideal conditions for the transport of sand from a heach to the dunes occur after constructive [i.e. low height,
long period) waves have deposited sand on the upper beach and inferfidal foreshore. At low fide the sand
dries and onshore winds can carry substantial volumes of sand onlo the dunes. The fransport of sand is
diminished if the sand is wet due to rain or ground water drainage and can be prevented enfirely if winds are

too weok to mabilise the grains or are blowing offshore.



The verlical growth of dunes can be curtailed by one of three factars, namely:

@ The dune reaches a height where the vegetation is no longer able to protect the dune surface from wind
erosion. In some parts of the world, coastal dunes can reach over 50m above sea level. In Scotland, the
winter wind speeds this high above the sea surface can be very strong, and dunes rarely reach more than
about 25m in height.

@ New foredunes intercept a large proportion of the wind-blown sand, preventing the further growth of yellow
or grey dunes. This situation accurs on prograding coasts, and may result in the formation of many dune
ridges over the years. A good example is found along the coastline north of Aberdeen at Balmedie where the
dunes extend over 250m inland of the present beach crest.

@ Damaoge is caused to the dune vegetation by human influences [trampling, groundwater exiraction, farming,
consiruction, etc.) or by animul grazing/burrowing, hence diminishing the capacity of vegetation to irap and

retain further sand.

The presence of a wide beli of dunes means that there has been a period of accrefion in the past. However, this
does not mean that the aceretion is confinving. Lines of dunes set back from the heach may have originally
formed many centuries ago, but there are sites in Scoiland where these ancient dune systems are being ercded,
re-distributing the sand in them to other paris of the coasiline. Examples of these changes can be seen at

Morrich More near Tain ond the Eden estuary side of the golf links at 5t Andraws.
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Figure 2a Cross-section of an accreting dune system
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Figure 2b Cross-section of an eroding dune system

2.2.2 Dune erosion
There are two main types of dune erosion, namely:

@ Surface erosion by wind action [deflalion}

@ Marine erosion of the loe and seaward face of the dunes.

The former can and does cecur naturally, fellowing disease or damage 1o vegetation caused, for example, by
drought, lack of nulrients or over-grazing by rabbits. However, the onset and subsequent problems of deflation
are often worsened by human activifies. Typical causes include excessive trampling, driving vehicles over

dunes, the removal of sand for building materials or agricultural use, excessive extraction of ground water, and

allowing excessive grazing by farm animals. [f the vegetation is seriously damaged, it na longer acts to stabilise




Plate 7

Dune blowout, Harris.
As the nome implies
such features are
formed by wind scour
rather than wave

attack.

Plate 8
Active marine erasion
of dunes ot Cruden

Buay.

the sand and wind action will rapidly remove the exposed loose sand, forming o blow out (Plate 7}. Once
inifiated, a blow cut can spread rapidly ond large areas of dunes can be affected, to the extent that blown sand
becomes a major nuisance further inland. There are numerous manuals and handbooks explaining how to
repair and prevent further domage caused by deflation (for example BTCY, 1994). The methods include
fencing, installing boardwalks, protection of the ercded dune surface by “thatching” and transplanting dune

stabilising grosses.

This Guide concentrates on erosian of dunes coused by marine pracesses {Plafe 8). A typical sequence of

events leading to erosion of the front foce of dunes is as follows:

@ Beach profiles in front of the dunes become flatter as a result of destructive wave action |large wavas
generated by lacal onshore winds).

@ The upper beach levels tall, allowing the high fide mark to reach the toe of dunes.

@ Waves impact directly onto the dune loe, causing sand to be removed and under-cutting the dune face.

@ The front face of the dune collapses onto the beach, and the sand is carried down the beach.

The consequence of such events is that the front face of the dune retreats, but the beach profile receives an

additional volume of sand. Hence the dunes can act as o temporary reservoir of sand, accumulating it during
mild weather, typically during the summer, and surrendering it back to the beach during storms. The erosion of
a dune during a storm event, or several such events, may provide enough sand for the beach profile o recover
to pre-storm levels and thus prevent further erosion in the following days and weeks. However, if the sand
eroded from the dunes is swept along the shoreline by longshore drift, and away from the eraded secticn of
dunes, then the next storm event will cause further erasion and reireat of the dune face (Plate 9}. If this sand
loss is replaced by an influx of sand from affshore or updrift deposits, there may be no nett [oss and the dunes
should recover over fime. Where significant dune erosion persists for several years, it is likely that the sediment

balance has been upset resulting in a nett remaval of sand from the affected arec.



Plate @

Debris of loak-aut
tower undermined by
marine erosion, Eden

Estuary.

Plate 10

Recavery of beach
loflowing episode of
erosion and
consiruction of rock

revetment, Elie.

Although the sediment balance can be disturbed by natural causes (depletion of the source, o change in the
meuth of @ river or estuary, gradual shilt in wave climate), it is often the result of human activities along an
adjacent frontage or nearshore area. These may include dredging, consiruction of harbour breakwaiers,
profection of erading cliffs or construction of beach contrel structures such as groynes or breakwaters. Erosion
in these coses is not natural. An environmentally conscious shoreline manager is faced with the dilemma of
accepting erosion of a dune system os a natural process, or implementing management operations that may he

desiruetive lo the very hobitat and landscope that he seeks to profect.,

Regordless of couse, the process of morine erosion of dunes is much more difficult to manage ihan the deflation
described above. It is nol generally possible ta do anything about the causes of the erosion, namely high fidal
levels, winds, rain and wave action, and often not possible to influence the human activities that may
exacerbate the situation. The only natural deferces that dunes have against the impacts of woves are a wide,
high beach in front of them and the binding strength of well developed vegetation. If the beach is undergaing
longterm ercsion, then it is difficult to remedy this, short of expensive large-scale engineering works such as

beach nourishment or the construction of groynes ar breakwaters.

In many cases, however, the lowering of beach levels and subsequent rapid erosion of dunes is a shorkterm
problem, thas after a few years would naturcily “heal” {Plate 10}. Indeed the ability of dunes to recover and
repair themselves following marine erosion is @ major odvantage from the viewpoint of longterm shereling
management. Replacing dunes with arfificial hard defences such os seawalls may lead to the beach, dunes or
structures defericrating, with potential further expense in repairs and replacement, and should therefore be
avoided if at all possible,

The main theme of this Guide, therefore, is to assist in the strengthening ard re-building of dunes to reduce the
adverse effects of marine erosion, while minimising the risks to people and property behind them. This is largely
achieved by pallicfive measures, designed to reduce the adverse cansequences of dune erosion, rather than to

Iry fo prevent such erosion entirely.




2.3 Atiributes of coastal dunes

Coastal dunes have other important qualities and atiributes beyond their role o5 a natural form of coast
profection. These can briefly be summarised as follows:

@ Dunes provide a range of important habitats, often with abundant species of flowers, insacis and other

wildlife (Plate 11). For this reason, many araas of dunes are designated as Sites of Special Scientific Interest

or are Local Nature Reserves. Even non-designated dune areos will be lacally important havens for wildlife.

Plate 11

Dune sysiems support
distinctive plant
communities. The
colcareous soils af the
machair, especially,
encourage the growth
of rich and diverse

grasslands. N Uist,

® Dunes also have considerable value from the viewpoint of geomorphelogy, showing haw coastal landforms

evolve under the acfion of natural processes (waves, tides and wind) (Plote 12].

Plate 12

Dure systems may be

of conservation
imporfance because of
the excepfianal
landforms which they

contain. Forvie.




Plate 13
Scaotland’s galf links are
renowned world-wide.

Scarista, Harris.

o S

@ Many areas of dunes are used for golf courses that are often of considerable commercial and cultural value
(Plote 13).
@ Dunes are popular areas for informal recreation and hence they indirectly generate revenue for the local

economy (Plate 14},

Plate 14
Dunes are popular
areas for informal

recreafian, 5t Cyrus.

@ Although generally of low agricultural value, dunes are sometimes used for rough grazing, and in some

areas form the seaword edge of important lowland areas {particularly the machair in the north west of
Seofland) where traditional agriculture continues.

@ Some dune areas have also been developed for commercial, industrial and other purpases, with the seaward
remnants of the dunes thus becoming even more important os a coastal protection. Examples include chemical
works, airfields and military bases.

These various offributes mean that different people and orgenisations have different perspectives on dune

management, When contemplating management aclivities if is important to bear hese views in mind.




2.4 Classification of Scottish dunes

Classification sysiems can provide o short hand fo facilitaie discussions, but they are normally either too simple,
ignoring subtle differences of type, or too complex and unwieldy. For the purposes of this guide o simple
approach is adopted based on processes and regions rather than form.

Dunes on jhe Western Isles and north west mainlond are subject to wet weather, strong westerly winds and very
high energy wave conditions. The dunes are fed by calcium rich sands derived from shells and offshare
deposits. The resuitani dune systems are low, and are often backed by machair {Plate 15). Many of the
systems are within small embayments where jhey are protecied from wave induced longshore transpori. Dune

systems that are in remote o largely undisturbed areas, and sysiems where public access is effectively managed

often enjoy long ferm stability, with shori term erosion balanced by recovery.

Plate 15
Hebridean beach-
machair system,

Traigh-na-Berie, Lewis

East coast shorelines that are exposed 1o the North Sea are influenced by westerly winds blowing offshore as
18 well os onshore winds and waves from the north and east. Post-glacial depasits off the present shareline
eriginally provided a substantial source of sand which was transporied onshore by waves as seo levels rose.
Opposing onshore and offshore winds result in high foredunes rather than the lower machair systems of the west
coast (Plate 16). When sond supplies were plentiful the dunes grew seaward in a series of ridges, but under
present conditions the supplies are generally not balancing the losses. The resull, in most areas, is long term

recession, with this trend underlying short term cycles of erosion and accrefion.

Plate 16

Typical east coast
beach-dune system with
high and extensive
faredure ridge,

Belhaven.




Plate 17

Estuarine dune system,
St Andrews links, Eden
Estuary. Shifiing fidal
chanrnels car couse
dramalic chonges on

the coast.

Plate 18

Not ali dune systems
are eroding. At
Tentsmuir, lines of anti-
tank blocks from the
2nd World War are
now situaled over
100m from the shore
due to ongeing sond

accumulatian,

The third major Scoftish dune type is found within estuaries {Plate 17). Estuaries are influenced by fidal currents
os much as by winds and waves. Dune systems along their shores may be extensive, often fed from intertidal

sand banks. However, they can be rapidly destroyed as a result of an unpredictable change in flow patterns
and a shift in the distribution of intertidal kanks and channels.

Finally, there are a few areas, typically in the outer regions of the Scottish Firths, where dunes are still enjoying @

tong term trend of accrelion as the supply of sand exceeds losses (Plafe 18). By definition these frontages are
of less interest to this Guide.

As noted earlier, simple classificafions do not cover the range of variations. Along the Scottish coast there are

numerous dune systems, each wih its own specific character. The above classification covers most of them, and

can be summarised as:

@ smaller embayments suffering occasional severe erosion but relatively stable over the langer term
@ extensive open coast systems, subject ta short term erosion/accretion cycles, but suffering long term recession

@ estuary systems subject to substantial periodic erosion as a result of shifting fidal channels.




3. The legal framework

3.1 Coast Protection Legislation in Scotland

3.1.1 Infroduction

A broad range of legislation governs the appraval and implementation of coast protection works - that is
schemes intended 1o manage or prevent coastal erosion - and virtually all works outlined in this guide will
require cerlain consents or licences before they can be implemented. The nature of the consents required
depends largely vpon the precise location of the works relafive to high and low water marks, the type and scale

of the works and the nature conservation interest of the area concerned.

Table 3.1 provides o detoiled breakdown of the consents and approvals typically required of coast profection
schemes in Scotland. |t should be noted that in the exceptional case of fisted buildings or scheduled ancient
monumenis being affected by the works under consideration, other, addifional consents may olso need to be

sought.
3.1.2 Summary of Legislation

The Coost Frotection Act 1949 [part 1) empowers Local Autherilies with coastlines {termed ‘Coast Protection
Authorilies” in the Acl} lo carry oul coast profection wark inside and outside their area as necessary, subject to
the approval of the Scotfish Executive'. Capital works may, if approved, ba eligible for grant aid from the
Executive, ranging from 20-80% of eligible costs, depending upon the Autherity concerned. Proposed schemes,
other than maintenance or emergency operafions, must be advertised by the Coast Protection Authority and
notice of the works served upan a number of bodies, including SNH and the Scoltish Environment Protection
Agency {SEPA).

The powers given 1o the Coast Protection Authorities under the Act are permissive, i.e. Authorifies are not
obliged to protect eroding coastiines. Instead responsibility for management and prevention of erosion rests
with 1he landowner of the sile concerned. Schemes proposed by landowners require the consent of the Coast
Protection Autherity and are nal eligible for grant under the Act. Road, rail and harbour autherities, and certain
other bodies with special powers, are exempt from the requirement to gain such consent but must inslead give

natice to the Coast Protection Authority of any works they propose to carry out.

Further 1o these requirements, because coast prolection works below MHWS mighi, in theory, offect or interfere
with marine transport or navigation, consen is also required for these under part Il of the Act fram the Scottish
Executive Transport Division?,

The Food and Environment Protection Act 1985 (FEPA) regulates aclivilies involving construciion or deposition of
materials upon the seabed. Under FEPA, all operalions, including coast profection works, entailing movemeni of
beach sediment or the erection of structures below HWMOST require a licence, in Ihis case from the Scottish
Executive Marine Laboratories®.

Depending upan the nature and scale of the works, most coast profection schemes proposed by individuals or
Local Authorities also require planning permission under the Town and Couniry Planning [Scclland} Act 1997
[TCPSA), assuming they extend abave IWMOST. For major schemes this is the case even where it is the Local
Autharity itself which proposes the works.

Naturally, the permission of the landowner will need o ba sought prior to commencement of warks. for
foreshore and seabed below HWMOST this will typically be the Crown Estate. Local Authorities retain the
power, under the Coast Profection Acl, fo carry aut works even where landowner permission is rot given. Such
schemes, however, require Ministerial opproval following consideration of any objeclions which the landowner
may have.

! Scotfish Executive (Rural Affoirs Deportment], Environment Group, Victaria Quay, Edinburgh. EHS 6QQ.
* Scoltish Executive (Development Deportment), Transpaort Division 4, Victaria Quay, Edinburgh. EH6 6QQ.
? Scoffish Execulive (Rural Affairs Department), Marine Laboratories, PO Box 101, Aberdeen.




3.2 Nature Conservation Issues and Legislation

Plate 19

There ore around 400
coastal §55/s in
Scofland, many, like
here at Barry Buddon,
designated an account
of the valuable habitat
they provide or
dramatic landforms
which they exhibit.

Scotland's coostline is exceplionally important for nature conservation, supporting a wide voriety of landforms,
rock sequences, habitats and wildlife. The neture conservation inferest and landscape of the coastline are
safeguarded through c range of natural heritage designations, described in full in Natura! Herifoge
Designations in Scotland: A Guide (Scotiish Office, December 1998), The most important of ihese, in terms of

beach and dune manogement, are outlined below.

Around 400 Sites of Special Scientific Interest (551} lie wholly or in part along the coastline. Beach-dune
systems form a major and integral part of this network. They may be designated as $55Is because of the plant
communifies that exist there, the wildlife they support or simply the landforms and geomorphological processes
that they exhibit [Plate 19). Coastal erosion and accretion may be integral to these inlerests; indeed ot some
sites the erosive processes taking place may actually form part of the designated interest. Conversely,

inappropriate coast protection may be damaging to the sife’s conservation interests,

Cerfain of these 555Is may, in additien, be
designated as Speciul Areas for
Conservation [SAC). This designation was
introduced under the EC Habitats Regulations
1994 and is canferred upon sites considered to
be of international imporiance because of the
habitats that exist there. Becouse of their
imporiance, SACs, along with Special
Protection Areas {siles of international
importance because of the bird populaticns
which they support) are afforded high levels of
statutary profection, so as fo maintain the

nature conservation interests which exist there.

Where planning permission is sought for coast
protection works within an 5551 then, under the
TCPSA, SNH must be consulted regarding
these. Coast protection works are, moreover,
listed as a Schedule 2 category development,
under the Environmental Assessment (Scotland)
Regulations 1988 |as amended), through
which the EC1985 Directive on Environmentol
Impact Assessment is implemented. This means
that, in reviewing proposed coast protection
works, planning depariments are obliged to
consider whether or not the works are likely to
cause significant environmental effects upon a
"sensitive location”, such as a $55I, National
Scenic Area [NSA), SAC or SPA {or indeed
siles proposed as SACs or SPAs but nof yet
designated as such). IF so, then the planning cuthority may require the proponents of the scheme to prepare an
environmental assessment of the impact of the works, Such on assessment must also include ar outline of the

main alternatives considered and the reasons for choosing the preferred opfion.

In addilion fo this, should a proposed coast pratection scheme be deemed likely 1o have a significant impact
upon a SAC then the EC Habitats Regulaiions require that an “appropriate assessment” be undertaken by
"competent authorities” (typically refevani Government Departments and the Locat Authority]. Guidance on the
nature of the assessment is provided in the relevant legislalion. Similar procedures apply to SPAs,
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4. Strategic approach to dune management

Managing marine erosion of dunes requires an underslanding of the physical and ecalogical processes active
Eoth at the site and in the wider coastal environment, an understanding of the risks to the human and natural
environment, an understanding of the effectiveness and consequences of the possible management decisions
and a clear understanding of the short and longer jerm manogement obsjectives for the site. All shoreline sites
are part of larger coastal systems. Waves and currents aclive on @ section of beach are often generated by
forces that are remote from the site. The sediment that makes up the beach is often derived from a source that is
both temparally and physically distont. As a result, mancgement operations can have unforeseen impacts

locally or even on sites many miles away, either immediately or, potenfially, years later.

4.1 Processes

Every site is influenced by physical processes that couse erosion and recovery of the dunes. These include
winds, waves, water levels and currents that drive cross-shore and longshore sediment transport. In furn these
processes are influenced by lopography, bathymetry, geomorphology, river flows, coastal structures and
dredging operations. Dunes are also influenced by rainfall, temperature, sediment chemistry and natural
grazing as these factors offect the type and health of the vegetation. There are numeraus publications that
discuss these processes in general terms (for example, Ranwell and Boar, 1986), but a shorelineg manager

should alsa be aware of how these processes work at the site of inlerest,

A good starting point for developing an understanding of the shoreline is the geomorphelogical and recent
history. Information on the coastal and nearshare surface and drift geology is available from British Geological
Survey publications and maps. Recent evolution can he derived from anadlysis of historic map series, charts,
aeriol photographs, surveys and engineering records. Important sources of regional information are provided
by the Coastal Cells series {HR Wallingford, 2000) and the Beaches of Scotland series {Countryside
Commission for Scofland, 1969-1981), bath of which are fully referenced in Section 6.1 and Figures 6.1 and
6.2. The former series of 11 reports was commissioned in 1996 by SNH, SOAEFD {naw SERAD] and Historic
Scotland to provide o broad understanding of the characier and processes of the coastal regime around the
Scottish coast, The latter series of 19 reports provide o detailed desceiption of every sandy beach and dune
24 system in Scolland ineluding morphology, land use, management pressures ond the nature and extent of coastel

erosion; although some information is now dated, this series is of considerable value to coastal monagers.

Recent informalion is also available for some areas where Shareline Management Pians and analogeus siudies
have been completed (Section 6.1, Figure 6.2) (Plate 20).

Plate 20

A series of erosion
concerns, such as here
af Dysart, has
prompled Fife Council
fo prepare o Shoreline
Management Plan for

its entire coastline.

Useful information can also be derived from discussions with local residents and beach users, and from mare
formal consuliation with other interest groups |Section 4.4). The resulting picture may ke one of long term
erosion, accrefion or stability, combined with short ferm cycles of rapid erosion and recovery. Care should be
taken if the data set is skewad 1o the very recent past and is dominated by records of efosion; such information

may be atypical of the long term situation, and may lead to @ hasty decision to undertake unnecessary works.




Reasons for the evoluiion may be an obvious change in local shoreline processes caused by specific human
acfivities, such as the construction af a harbour, the dredging of a channel or an increase in recreationol use of
the dunes. Less obvious may be the eHects of medium lerm {1-20 years| changes in weather patierns, tidal

cycles {up 1o 19 years| or a gradual reduction in sediment supply from o natural source,

Met Office data may reveal reasons for chonges to dune stobility. Unusually severe starms aver Spring tide
pericds may have caused rapid erasion, while a sustained shift in the dominant wind directions may have
caused change to the longshore drift direction, causing erosion in one area and accrefion elsewhere.
Alternatively, a drop in average wind speeds may have reduced the aeclian transport of sand that feeds the
dune face, or a prolonged dry spell may have reduced the vigour of foredune vegetation and restricted dune

recovery.

The causes of erosion withir on estuary moy be difficult to understand. Shoreline evolution is ofter linked to the
ever changing distribution of channels and banks. These features are influenced by local wind waves, waves
entering through the estuary mouth, ebb and flocd fide currents and fresh water flows, as well as human
aclivifies such as dredging, reclamation and the coastruction of training walls or navigation facilities. Prediction

of evaluiion will require the services of a specialist estuary consultant,

Having established the background 1o the site evolution, and prior fo commitfing any significant eMort to erosion
conirol, it is ndvisable to establish @ monitoring programme. The objective of monitoring would be to expand
the desk based knowledge of the processes active of the site and to develop a first hand undersianding of the
exient of the erasion problem. Minor shoreline works might be underiaken during the monitoring period, but the
implementation of any major schemes should be delayed unfil the managers have confidence in their
understanding of the site ond the pofenlial consequences of their aclions. Manitoring approaches are outlined
in Appendix 2.

4.2 Risks

Having considered whether erosion is a short term fluctuation or an ongoing problem, and whether the affected
area is localized or widespread, the manager must consider what assets may be of risk ond over what
timescales losses may occur. These assets may be natural, such a5 o rare habitat or unusual landform, or they
may be human, ranging from a footpath to a major residential or industrial development. Prolection of natural

assels is confentious, as erosion is a natural process and management operations moy be more damaging than

the erosion itself.

The risk 1o human assels must be balanced against many considerations, including the inevilable damage to the 25
environmeant. At one end of the risk scole it may be considered better or more cost effective to lase or move an

asset rather than invast effort and money into erosion management operations. At the other end it may well be

obvious that further erosion is totally unacceptable and that the costs and consequences of defences are fully
justified (Plate 23).

Plate 21

If there is a long term
erasion frend, hard
defences on dunes may
need to be exlended in
due course fo avoid
outflanking. Af Ruby
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Attempts to interfere with natural pracesses within any dynamic notural environment can lead to the creation of mare
problems than are solved. Beach-dune managemeni can often be seen as successful at a local level, with the risk fo
backshore assels being reduced. However this success may either be short term or it may be achieved at the cost of
domage fo adjacent areas. f shoreline erasion is both long term and widespread, schemes 1o protect the dunes will
face ever increasing oltack from waves and currents as the foreshore continues lo recede {Plafe 21). Alternatively, if
erosion is cyclical and there is o reasonable expectation of natural recovery, expenditure on schemes may well be
wasted.

Management of dunes within a small embayment can often be undertaken without consideration of a wider areq,
as sediment fransporl pracesses may well be restricted to the limils of the bay. Where the dunes are within an
estuary or along a stretch of open coast the impacts of operalions can be mare widespread. In these situctions,
common along much of the Scottish east and south west coasts, managers must be aware that the defence of one

section of shoreline may result in accelerated erosion elsewhere.

Frem an understanding of the coastal processes the manager can make an informed prediction of the risks and costs
associated with allowing coastal processes to proceed unhindered. If these risks and cosls are cansidered
unaccepiable, or at least undesirable, cansideration must turn 1o the effectiveness, costs, consequences and

sustainability of possible management operations.
4.3 Funding

This Guide does not cover funding arrongements far coastal works. However, before plans for management are
pursued beyond the preliminary appraisal stoge pofenfiol funding sources sheuld be established; typical costs are
discussed in Seclion 5 and Appendix 1. Consideration should be given io both inifial copital costs and 1o on-going
management. The lalter may be of particular imporiance to schames that are considered to have a lower
environmental impact, such as vegetotion transplanting, fencing or beach recycling. Ongoing funding should be set

aside for all management operations 1o cover the costs of fulure menitoring of beach levels and dune face evolution.
4.4 Consultation

There are a variety of parties with interesis in the ccasial zone, all of whom may wish to have a say in the
management of dune ercsion. Some are Stalutory Consultees who must be approached prior to scheme
implementation |{Section 3], while others con be consulted voluntarily, Identification of those relevant 1o a specific
sife, followed by consultation, may lead to a better understanding of the precesses ad risks as well as to o consensus

view on the mest appropriate management actions. Polential consultees include:

Foreshore owners (Unitary Autharity, Crown Estate, National Trust, private estate, harbour autharity, ete.}
Scoftish Natural Heritoge

Scottish Environment Protection Agency

Adjacent landowners (Unitary Authority, private landowner, nature trust, MoD, etc.}

Land managers where different from land owners

Historic Scotlond

RSPB

Tourist Boards

Fishing associations, nature frusts, recreational groups, stc.

Each of these consullees may have o different perception of the volue of the beach-dune system and therefore see
erosion management as serving a diferent purpose. By bringing them together and explaining the background
issues and the potential solufions a useful consensus may be built. Underiaking voluntary consultation early in the
planning stage may well avoid later conflicts with Stalutory Consultees or, in exireme cases, the costs of Public
Enquiries. Where public funding of o scheme is not available, consuliation may lead to opperlunilies to share costs
or abiain other management resources {volunteer labour, materials, access rights). Figure 5.1 presents a flow

diagram of the management process, putting the various phases into a logical sequence.

4.5 Coastal cells and Shoreline management plans

In recent years, Shoreline Mancgement Plans [SMPs) have been advocaled as patentially useful dacuments for
establishing sustainable coasial defence policies for specific lengths of coastline. Roufinely these are based on natural
divisions of the coastline, colled coastal cells. The benelits of this strategic approach to erasion management are explained
in detail in the SNH report The Pofeniial Application of Shereling Management Plarning te Scotland () Hansem et al.,
1999). In addressing erosion on specific dune systems, the coastel manager should ensure that their management

proposals are in keeping with any SMP which may exist for that area [see Figure 6.2},




5. Management options

5.1 Possible approaches

The earlier sections of this Guide have looked at the processes end risks related to beach-dune systems, and
have pointed towards the need 1o treat each site as a unique sifuation; generic dune management approaches
are not appropriate. This Chapter sets out the underlying issues involved in selecting o management approach

that will achieve the specific objectives established for each site,

It is assumed throughout this section that all sites being considered have assets at risk from erosion
and that protection of these assets will be balanced against impacts on the environment, Most
approaches to erosion management are damaging to the environment to a greater or lesser extent.
This is particularly so for projects entailing civil engineering operations such as revetment and sea-
wall construction or major beach renourishment schemes. The inclusion of such approaches herein
does not, therefore, indicate approval or commendation of them from SNH in all circumstences.
Rather, they are included to provide a camprehensive guide to the opticns available to coastal
managers and to promote good practice, from an environmental perspective, in the design and
implementation of coastal defences, whatever approach is adopted.

Questions to be answered include:

@ What are the objectives?

@ Will the scheme achieve the objectives?

@ Over whot time scale will it be effective?

® What will be the impacts on the natural environment and the landscape over different timescales?

@ Are the resources {materials, equipment, labour, funding) available for both initial implementation and long
term maintenance?

@ Are the short and long ferm costs justified by the benefits?

@ What will be the impocts on adjaceni areas?

@ Are there more appropriate options2
There are four general approaches to moneging dune erosion:

@ Non-interference, allowing natural processes to continue while accepting losses or taking appropriate action
to relocate any backshore assets at risk.

@ Delay erosion using small scale, short term {5-10 year life) schemes that can be implemented at relatively low
cost and that will have a minimum impact on the coastal enviranment.

© Defend the frontage selsctively using methods that may require the involvement of specialist consultants and
may have a high impact on the immediate environment ond coastal landscape; these may be short term, but
are more likely to have a lenger life expectancy (5-30 year life|.

@ Establish a fixed shoreline using large scale, lang term {20-50 year life} defences that will require the
involvement of specialist consultants and will significantly alter the coastal environment, londscape ond

recreational use of the beach.

There is obviously some overlap between these approaches and some differences of opinion as to what may be
short ferm or tong term, and what their impact on the environment may be. Schemes that have a life expectancy
{without mainienance) of up to 10 years are considered short ferm in relation 1o the natural environmenl. In
addifion if should be noted that these approaches are not independent - indeed it may well be advanlageous
to combine small scale, short term management with engineered schemes to encourage dune sysiems to

redevelop after being damaged.




Selection of the apprepriate approach, or combination of approaches depends on the objectives and
consiraints relevant to the site. Scheme options suitable to each approach are set out in a series of Summaries

presented in Appendix 1. These include:
Mon-interference @ Adaplive management

Small scale, short term Dune grass planting
Dune thatching
Dune fencing
Beach re-cycling
Sand bag structures
Beach nourishment

Beach drainage

Selective fronlages Rock or gabion headlands
Groynes
Nearshora breakwaters

Artificial reefs

Rock revetments

=]
Q
=]
9
-]
L]
-]
@ Gabion structures [see nate below]
o
-]
@
@
Large scale, long term o
@ Timber revetments and breastwork
5]

Impermeable revetments and seawalls

{Note. Gobions ore often ossociated with poor shoreline managsment praclics, ond should only be used in specific
circumsiances. If they are regularly exposed to wave attack then they will have a short life before becaming
ineffective and an eyesore. Hawever, used as o buried defence or within shellered areas of an estuary they can be
both effective and unabtrusive. Their position in the shortterm, small scale categary is debatable as they can be used

over long frontoges, and if well maintained can last for longer than 10 years before needing substantial renovafion.)

The Summaries set out sufficient information about each option for the reader 1o make an informed decision
about their appropriate use. The Summaries of small scale, short term operaticns pravide information that will
ollow implementation, possibly using volunteer or unskilled labour. It is assumed thot larger schemes will only
be put in place following preliminary appraisal and design studies by o competent coastal consuliant; the
relevani Summaries present information to allow the proposed designs 1o be assessed for appropriateness and

potential long term impacts.

28 Appendix 1 also includes a summary of “novel” methods, providing o brief indicafion of the reasons for not

giving them serious consideration.

5.2 Engineering considerations

There are a number of engineering issues that need 1o be considered prior to selection of an appropriate
approach and option. These include:

availability and life expectancy of materials
transport and placement methods

costs

environmental impacts

work windows

o & o 0 0 @

[ong term maintenance

5.2.1 Materials

Dune management may require anything from marram glass fransplanis and brushweod up to & tanne armour
stone and reinforced concrete. Availability, applications and costs will vary depending on location, and may
dictate the viability of o scheme. Other consideralions governing choice of materials will be appearance,

environmental impact, life expectancy and public safety.

Vegetation transplanting, thatching and fencing may well be considered as a pari of any scheme, no
matier how small or large. Transplanis for ¢ small scheme over tens of melres may well be available ot no cost
from the local dune system, but schemes covering longer lengths of shoreline will probably need a commercial
supply cr the development of o managed nursery. Either way, supplies will be limited and work will have to be
planned well in advance. Fencing or thatching supplies should be recdily available at any location. Chestnut

palings or synthefic fabrics can be purchased and delivered to any site in the required quontilies, though




Plate 22

Sand for a recent
beach renourishment
scheme of Montrase
was oblained by re-
using uncontaminated
maintenance dredgings
from the adjacent
South Esk channel
instead of dumping

these at sea.

transport costs to islands may be high. Thatching materials, such as brush weod or foresiry waste, are often
available for the cost of ransport, but supplies may be limited on exposed west and north coast sites. These
materials have a life expectancy of less than 5 years and are likely to need regular mainienance to retain

effectiveness, an acceplable appearance and minimal hozard fo beach users.

Sediment for re-cycling or nourishment can be a problem. Re-cycling involves moving material from a point
of accretion 1o @ point of erosion within a locol process area. The accretion point may be further along the
shoreline, for example next to o braakwater or ot an estuary mauth, or it may be down the beach face ot a low
tide bar. Prior to any detailed consideration of hydraulic or ecological issues, the ownership and licensing
arrangements for re-cycling must be established. Much of the Scattish foreshore up 1o HWHOST belongs to the
Crown Estate, but other owners include Unitary Councils, private estates and the National Trust. The beach
above HWMOST normally belongs with the adjoining backshore property. Movement of sediment across any
ownership boundaries may {ead to conflicts unless early consuliation has established a cansensus. Before

implementation appropriate legal consents {Chapter 3) will have to be sought.

Wherever the source of the recycled sediment it is crifical to esiaklish whether remaval will create a new
erosion problem or whether the impact will be negligible. 1t is also important to establish that the source
material is compatible with ihe erosion area in terms of hydraulic response, impact on the ecasystem and impaci

on recreation, Annual, or even poststarm, re-cycling may be required o provide on going prafection.

Beach nourishment uses material imported from outside the local coastal process unit. Sources may be
quarries, licensed dredging areas or spoil icken from navigation dredging (Plate 22). Quarried sand or gravel
is often appropriate for smaller schemes thot are close to the quarry or have very sasy road access. larger
schemes normally rely on dredged maierial transported by seo and pumped ashore via floating pipelines or
directly from the vessel to the beoch. Licensed dredging areas ore limited to a few estuary sites around
Scolland and schemes will be competing with the aggregate industry for bath sediment and delivery vessels. In
some !ocafions materiol may be available from dredged harbeurs and navigation channels, but this source is
less relichle in terms of available quantities, material grading and quality. High proportions of potentially
contamingted muds may render ihis source inappropriate, especially if dredged from estuarine locations. As
with re-cycling, nourishment is likely to need regulor top ups to maintain eHectiveness as a dune protection

measure, making long ferm management cosis higher than might be expected.

Sand bag structures normally meke use of siurdy geotextile bags, filled on site using {ocal sand. In most cases

both the bags and sand are easily available. As the bags are liable to damage, both from natural causes and
vandolism, siructures are best buried with re-cycled sand, only to be exposed during exireme storms when they
will act as a final line of defence. Damoged bags will release the enclased sand harmlessly back to the beach,
leaving only the geotexiile to be retrieved. Structures are likely to have a life of only about 10 years.

Rock filled gabion baskets have frequently been used for coastal defence, and have earned a poor
repulation. Gabions have been known to fail when used in unsuilable locations, placed and filled with
insufficient attention to recommended consiruction practices, or when managers have not attended to proper
maintenance. Comaged baskets release cobbles or quarried rock onio the beach, and the baskets themselves
become o hazardous eye-sore of rusting wire. Hawever, when designed, built and maintained correctly

gabions can provide good service with minimal ecological or visual impact. Life expeciancy before a major re-
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build can be as much os 20 years, though 10 years is more likely. Gabions will lasi longer, have less

environmental impact and be less infrusive on the coastal landscape if they are buried into the dune face, only
reappearing during severe erosion events. Under accrefing conditions gabions can be buried by wind hlown
sand, and will allow dune vegetaiion to be re-established. On open coasts, gabions may only be appropriate
as sloping reveimenls. |n estuaries, where wave aftack will be less severe, they can also be used 1o form other

structures such as groynes. Baskets and appropriate rock are easily obtained for most sites.

Rock, from small boulders to large armour stone can be used effectively in erosicn protection schemes.
Established design guidance is available to ensure that rock structures are buili to give opfimum performance
and cost [CIRIA/CUR, 1991]. Structures moy include headlands, revetments, breakwalers, reefs ar groynes.
The required rock sizes will vary oeeording to structure function, wave conditions, water levels, structure slopes,
permeability and acceptable damoge criteria. Rock has the advantage of durability and flexibility, meaning
that structures can suffer some damage without failing and can be rebuilt or even removed if necessary. As with
gabions, rock revetments con be huried 1o reduce their visual impact under normal conditions, but may be re-
exposed during storms. In Scolland, good quality rock is generally available and will have en effectively
unlimited life.

Timber structures are less popular today than in the past. Softwood only lasts o few years in the harsh and
obrasive marine environment. Hardwood losts longer, but is expensive and should only be sourced from
acceptably monaged forests. However, fimber is « flexible building material, and con be used to form solid or
permeable revetments, verfical breastwork and groynes. A 20-30 year life would be considered successful.
Impermeable structures built in areas subject to regular wave activity may suffer from localised ioe scour that

may cause structural foilure.

Solid revetments and seawalls are not normally considered appropriate for dune protection, but can be built
fram asphalt, blackwark, pre-cast concrete units or in situ concrele. These materials are readily availoble in
urban areas but are costly to transport to remote locations. Struciures can be designed to enhance public
access o the foreshore ond con accommodate promenades and seofront roads, but they normally disrupi the
natural dynamism of dune systems and replace it with an arfificial shoreline. Construction casts are very high
and the services of civil engineering consultanls are required. Assuming no major hydraulic failure these
structures should have o design life of up to 50 years.

Other materials seen along the shoreline include building rubble, broken cancrete slabs, re-cycled tyres,
patented maitresses of linked concrete blocks, re-cycled construction materials such o3 concrete pipes, slag, efc.
Apari from the block mattresses, the costs of these materials are very low, as are the aesthetic qualities. |f ihe
dumped maleriais are sufficiently large and robust {such as broken concrete slabs) then they may provide o
long lasting defence. More often the materials are unable to withstand wave aftack and break down rapidly io
be spread ocross the beach. Patented concrete block matiresses are not low cost, but suffer equally from rapid

damage as they are easily undermined or lifted by hydraulic forces.

Transporf and placement

A significant proportion af the costs for most coast protection materials is in the transport and placement. Work
on dune systems can impose odditional costs due to concerns over destruction of landforms and habitats, and
the problems of working in remate locations. Delivery from the sea of bulk materials {rock or beach sediment) is
often preferred as backshore domage is minimised, alihough lond access will still have to be provided for plant,
labour and addiiional materials.

Haul roads will have to be built across the dunes unless access can be provided from an existing route clong
the shoreline. Delivery from the sea avoids these problems, but will sufler from nearshare navigation hazards,
weather downtime and fida! restrictions,

Costs

The costs of dune erasion management can vary from almost nothing i several million pounds per kilometre.
Major cost elemenis are labour and materials for initial works, with secondary elements being preliminary
investigations, consultant's fees, pre- and post-project manitoring, site equipment, site access, permissions and

ongoing maintenance.

Small dune grass transplanfing or thatching schemes can be undertaken by unskilled volunieer labaur using
locally available materials. As the consequenceas of inappropriate implementation are minimal, there would be
na need fo undertake significant preliminary investigations, involve consuliants or establish any rigorous
menitoring programmes. Casts would be very low, but the [ife of the scheme may be shorf and the benefits vary
localised.



Plate 23

Where major industrial
facilities are ot risk of
erosion, the economic
benefils of protecticn
will usually ouiwaigh

the costs.

Larger schemes involving the transport and placement of rock and / or imparted beach material, possibly

combined with transplanting, fencing and recreational management will need the services of specialists.
Preliminary investigations, benefit cost studies, site monitoring, legal pracedures, tender preparation and long
term management planning will cll need the attention of o competent coastal consultant. Cantractors will need
to source and transport materials, provide acceptable site access routes for heavy plont, ensure site safety for

stolf and the public, and make goad any domage to the environment,

5.2.4  Environmental impacts

Erosion management operations may have unwonted impacts on the ecalogy, geomorpholagy and
appearance of a dune system. Decisions on the most appropriote management approach at a given site should
be driven in part by the desire fo minimise these impacts so as fo preserve the natural characierislics of the
dunes. Itis important to bear in mind that erosion of dunes is a natural process and should nol normally be
regarded as o problem. Problems enly arise when erosion threatens human activities or assels, or when the

erosion is the result of human interference with coastal processes along an adjacent frontage.

All human acivity within o dune system will cause some damage. Simply walking over the dunes to reach the
beoch will damage the vegetation, and repeated use of an uncontrolled track moy well result in a blow out
through the yellow dunes. Moving machinery through the dunes will cause much greater damage, through
direct desiruction of vegetation, disturbance of previously steble sand and compaciion of soils. Dune slacks are
equally susceplible to domage as the dunes themselves. Heavy machinery working in the intertidal areq,

particularly in estuaries, will also demage benthic communities, alihough fhese are generally quick to recover.

Dune grass planting and thatching are generally seen as beneficial, but care should be taken not to introduce
non-indigenous seeds or shoots that may change the compaosition of the dune flora; sea buckthorn (Hippophae
rhamnoides) is particularly invasive when used for thatching. Fencing is also seen as generclly beneficial, but
lack of planning for suitable public access may encourage people fo make their own routes through the dunes,

while lock of maintenance may leave derelict fences as an eyesore on the coostal landscape.

Construclion of conlinuous defences clong an eroding dune face will dramafically change the coastal
landscape and will disrupt the natural interchange of sand between beach and dune (Plate 24). This should be
avoided if at all possible os the impacts are eHectively irreversible. Seawalls and large revetmenis generally
allow some wind blown sand to reach the dunes, but prevent the return of sand to the beach during storm
erosion evenis. The reduced omounts of blown sand prevent grasses like marram from thriving, and the notural
succession of dune habitats from unstable foredunes, through marram dominated yeliow dunes to stable grey
dunes and machair tends to break down to a simple jump from upper beach 1o stable backshore vegetation.
Interspersing lengths of profection with open dune faces retains ot least some of the notura! succession and
allows natural cycles of erosion or accretion 1o continue. Wherever possible any form of continucus hard
siructure should be placed os a final line of defence along the backshore rather then within the active foreshore.
With the exception of artificial reef breakwaters all forms of discontinuous hard structures should also be built
high on the beach and certainly cbove HWMOST.
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rock or cancrefe may
offer greater medium
term securily than most
other defences but
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landscope impact and
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backshore habitats and
landforms. Impacis are

effectively irraversible.

5.2.5

Increasing the width and elevation of the upper beach and dune face by recycling or nourishmeni is on

alractive option for erosion management, but has environmental drawbacks. The physical and chemical
properties of the new malerial should be consistent with the exisfing beach and dunes {Plate 22). Coarser
material (shingle] may be more stable than sand, but will increase the slope of the upper beach and change the
appearance of the shoreline. Finer material {sili} mixed in with imported sand will tend to be taken into
suspension by wave action and removed from the beach; the increased suspended load can be damaging to
nearshore fisheries and benthic communities. Sediment with o different chemical composition [e.g. acidity) or
from a heovily polluted source {e.g. dredged from a port channel] may have an adverse effect on dune
vegetation. Dumping and spreading of the new material may well domage the existing infertidal and dune face
communilies by smothering or by compaction under the wheels of heavy earth moving plent. Any large
schemes involving recycling or nourishment should be preceded by an environmental impact assessmeni to

establish the significance of these impacts on the local site.

Finally, consideration should be given to the full life environmental impacts of proposed management
operations. The manager must consider not only the local shart term impact of a schems, but also:

@ the impact on the source area for materials (offshore dredging areas, rock quarry, forests, etc}

@ the impact of fransport 1o the site (road congestion and surface damage, noise levels, risk of accidents at sea
or on roads, access through dunes, etc)

@ trapping of seaweed and ather debris along the upper beach [visual impact, smell, flies and rodents, health
hazard, ete}

@ the impact of damaged or life expired materials on the shoreline (synthetic fencing materials, geotextile sand
bags, gabion baskets and rock fill, timber, concrete, rock, slc).

@ the long term evolution of the beach ond dunes and the effectiveness of structures over their full life.

Management plans should allow for these environmental impacts duwing the decision process, particularly
where costs are being passed on to future generalions. Mitigation measures ond good working practices io
minimise impacts should be built in te designs, agreed with cantractors and monitored rigorously during initial
and cngoing operations.

Work windows

Coastal works are affected by limited work windows. Seasonal conditions often restrict work to the spring and
autumn: in winter the weather may be too harsh and the days too short, while in summer work may disrupt
recreafional use of the beach. Daity fidal cycles will resirict work below the high tide line and access along the
beach, although dune face work may be largely unaffected. Other restrictions may be imposed by natural
events such as bird nesting or migration, or by opfimum secsons for vegetation ransplanting or dune recavery.
Each site will have its own set of restrictions, and these may well influence decisions on the initial scheme or the

long term management oplicns.
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Mainienance

Shert term warks such as transplanting, fencing, re-cycling, sond bagging and even gobion placement will need
a defined mainienance and replacement programme as part of the preliminary scheme appraisal. Post-storm,
seasanal or annua! inspections will be raquired, followed by apprepriate maintenance and repair work. This

commitment must be cested and programmed from the outset if ercsion is to be managed effectively.

Other more substantial schemes may require @ much lower level of long term commitment, but will have to be
monitored to ensure ongoing effectiveness. At many sites foreshore erosion will be an ongoing process ond
may cause local scour or general beach level reduction, resuliing in siructural instability. Solid defences may
need to have toe aprors added to prevent undermining, while gabions may deform 1o the point of basket
failure. Rock struclures are unlikely to collapse, but may need some re-shoping or axtensian to maintain the
expected standard of defence. Maniloring may clso revea! autflanking problems as the dune face at the end of
a structure suffers ongoing erasion, requiring lateral extensions to retain effectiveness. The economic and
environmental costs of these future works must be allowed for during the selection and planning stage of
scheme development. Foilure o do so moy place an unacceptable burden on future generations and result in
the loss of important environmental assets.

3.3 Recommended approaches

The underlying principles of shoreline management are to match the solution ta the problem and to minimise the
disruplion to natural processes. Ideally dune systems would be left free from backshore development, and
therefore erosion management would not be required. This principle should be fundamental to the planning
guidelines for all coastal authorities. All soft sharelines should be considered as potentially erodable, even if
they appear siable at present, and competent guidance should be sought as ta an approgriate set back
distance for any new ceastal development. Unfortunately, aven the most remote Scoitish beaches are often
already offected by some form of human developmerit. Typically backshore recreational assets, such as
caravan parks, footpaths or golf courses, are threatened by erosion, whether seasonol or long lerm. In extreme
cases the threalened backshore assels moy also include housing or industrial facilities.

Menagement responses fo the threal of asset loss should start with consideration of adapting the backshore te
allow natural erosion te confinue. In many coses this will be the only practical solution, as erosion moy be an
irreversible trend, and the long-term cost of defences may be greater than the value of the property at risk. This
approach may be coupled with small scale, shorl term works to delay the cnset of asset loss, or with selective
defences lo protect the most important assels while accepting the loss of others. If erosion continues and further

losses are considered unacceptable then the leval of response may have to escalate to large scole works.

Figure 5.1 presents a flow diagram fo assist the shoreline manager in maving from an observation of erasion o
the implementation of @ management plan. This process is sirongly linked 1o monitering, which is discussed
further in Appendix 2.
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I erosion Yes . 7 important andfor *._ Yes | Set up manilaring Reconsider erosion and | yes environmental
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1
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Dune management planning and implementation flow diagram
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Table 5.1 summarises potential responses to different generalised risk situntions based on the nature of the
assets at risk. The seleciion of specific opproaches will depend an the characteristics of the site. Other factors
such as coastal processes, site access, availability of materials ond labour, acceptability of a commitment to
long lerm manogement, recrealicnal use of the areq, financial resources and the conservation interests of the
sile will olso play a part in the decision process.

Table 5.2 provides @ [urther mulli-criterio guide 1o assist in the selection of mancgement options. Each
approach is graded for initial and long term maintenance cost, life expectancy of benefits assuming no
maintenance and impact en habitat, landform, landscape and coastal processes. The star system is indicative
anly, as every case must be considered indesendently. The ideal scheme will provide the asset protection

required while minimising costs and impacts and meximising life expectancy.



Table 5.1 Selection of shoreline management optiens for beach/

dune sysiems based on assets at risk

NB This table is indicative only. Selection of the specific cpproach fo adopt will depend clso on faclors such as coastal processes, sile access,
ovailability of materiols and lchour, acceptability of a commitment to long term management, recreational use of the arec, financiol resourcas and
the conservation interests of the site.

Assefs at risk Open Coast Estuaries
Approaches Indicative casts | Approaches Indicative costs
per 100m length per 100m length
Coastol hobitais and Non-intervention ar miner works | £0- £10,000 As Open Coast £0-£10,000
landforms to enhance sand retenfion
(i.e. fencing, planfing, thatching)
low economic value or short Abendon or replace assats £0-£10,000 As Open Coasl. If backshore £0-£10,000
residual life {<5 years) efsewhere {Adaplive flood risk area is extensive,
(e.g. grazing land, amenity Management|, plus minor works inland embankments may be
areas, golf rovgh and to delay losses (i.e. fencing, required.
foirways, mililery exercise planting, thalching)
areas, eic|
Mobile or replaceable Move or rebuild assets inlond £0- £30,000 As Open Caast. If backshore £0-£20,000
{e.g. caravans, golf fees/ {Adaptive Management), plus flood risk areo is extensive
green, car porks, amenity minor works ta deloy onsei of inland embankmenis may be
buildings, etc) move [i.e. fencing, planfing, required,
thatching, beach re-cycling,
sand bag or gabion revetments}
Discrete assets of moderate Adaptive Management for main | £20,000 - @ Rock ar gcbion hecdlands | £10,000 - £50,000
te high volue and madiumto | fronlage, plus: £100,000 @ Groynes to deflec flows
long residual life (>5 years) o Rock or gabion headlands, @ Plus minor works to delay
@ Necrshore breckwaters, erosion between shructures
o Artificial reefs, plus minor li.e. fencing, planting,
works io delay erosion thatching, beach re-cycling,
between siructures [i.e. sand bag or gabion
fencing, plonfing.thatching, revetments)
beach re-cycling, @ May also require backshere
gabion revetments) flood embankments if
unprotected assels ore on
low ground
Maderate economic value or | @ Series of nearshare £50,000 - © Rock groynes to deflect flow | £20,000-
medium residual life breckwaters £200,000 {possibly with beach £100,000
{9-25 years) [Low density @ Rock groynes [on mixed nourishment and fulure
housing, roads, large caraven sediment beaches where top-ups|
sites, military installations, efc} litoral drift is active @ Dredging and re-cycling to
and downdrift erosion is not after flow regime
an issue] @ Gabion or rack revatment
@ Beach nourishment [with @ Plus minor works to delay
fsture top-ups/re-cycling, losses between siruclures
and possibly buried gabicn li.e. fencing, planting,
or rock revetment) thaiching, heach re-cycling,
@ Rock revetment (gabions or gabion revetmenis)
timber if a 10-15 year life
is aceepicble)
& Plus minor works to enhance
appearance/habital {i.e.
fencing, planting, thaiching,
re-cycling)
NB if erosion is long term
backshore assets should not be
enhanced or replaced, thereby
allowing for ullimaie
abandonment
High economic value and Large rock revetments {possibly | £100,000 - @ large gabion or rock £50,000-
long residual life (25 years) | with groynes and/or beach £300,000 revetment with groynes to £200,000
{High density housing, nourishment with future topups/ deflect flows [possibly with
railways, main roads, re-cycling), plus minor works fo beach nourishment and
industrial facilities, power enhance appearance/habitat future lop ups)
dations, elc) (i.e. lancing, planting, thatching,
recycling]




Table 5.2  Relative cosis, life expectancy and potential environmental
impacts associated with shoreline management options

(* :|OW, ok ok ok =|'|ig|’1:l

Impacts " Costs
Option Habital | Londform | Landscape | Processes Capital Maintenance? Life Expectancy®
Adoptive management o £ £ » Dependant * M——
on assels
Grass planling ¥ ¥ * + * wh *
Thatching % ¥ * * * *hk N
Fencing * * * % * . Wk *
Beach recycling * * * * *x xx x
Sandbag structures o b s HE *x * **
Beach drainage * E * % wa *® *
Beach nourishment HE B % % e e b
quion [eve'men's Ed" * k% * K * * ok x *x K * Kk k * & *® kK
Arlificial headlands * o raw il i * LA
Arlificial reefs * o *hx *wk - * o
Nearshare breakwaters kb G ki g s * e
Groynes * kK * %k ok * k * * x X *x Kk * * kX
Rcckreve'menistd} ok k% * k ok ok LER R B koHkw w ok ok ke * * ok ok ow ok
Timber revetments ¥ i o b L e * o
Impermeable reve'men's/ *kohk X *hd kK Kk k ok & * K kK * A x kK * * & Kk
seawalls
i1 Impacts ever hll life-cycle of option
36 . . . N .
{2)  Maintenonce cost relative to capital cost [to retain design benefits)
{3]  Life expectancy of benefils without maintenance
{4]  |f buried into the dune face the impacls associated with these approaches ore lowered and the life expectency increased; copital cosis may

ke higher but maintenance costs lower.
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18 | Toyside Wright, R 1981
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7.1 Glossary

A Class tide gauge

Accretion
Apron
Armour unit
Backshore

Barrier beach

Bathymetry
Beach

Beach face
Beach head
Beach profile

Beach recharge
Berm

Binding
Blowout
Baulder

Breaching
Breaker zone

Breastwork
Breakwater
Bypassing
Chart datum

Coastal cell
Couastal defence

Coast protection

Coastal processes
Coastal squeeze

Cobble

Cohesive sediment

Community
Core

Crest
Cross-shore
Deflation

Design wave
condition

Detached breakwater

Diffraction

Dominant winds
Downdrift
Dunes

7. Glossary of terms and abbreviations

One of o UK network of fide gouges mointained to the highest and most consistent standards,
The eccumulafion of (beach) sedimenl, deposited by natural processes.

Layers of stone, concrefe or other material to pratect the toe of a struciure such as o seawall.
Large quarried stane, or concrete block, used as proteclion against wave action.

Coostal area between the beach head and high water, potentially affected by large waves
during high tides.

A sand or shingle bar above high tide, parallel to the coastline and separated from it by a
lagoon.

Seabed lopogrophy.

A deposit of non-cohesive mobile material (e.g. sond, gravel) situated on the interface between
dry land and the sea [or ather expanses of water).

From the beach crast out to the limit of sediment movement.

Ridge, cliff, dune or sea defence forming the landward limit of the potentially active beach

Beach cross-section perpendicular to the shore, which may extend from the backshore, across
the fareshore and inlo the nearshore zone.

Mechanical addition of imparted sediment te o beach, alse known as beach replenishment/
nourishment.

Beach: near horizontal plateav above high water, formed by depositicn of beach material by
wave acfion or by mechanical plant as part of a beach recharge scheme. Structure: near
horizonial are, often seporating the upper part of a secwall or revetment from the lower part.
Use of chemicol glues lo crecte a skin across o sediment surface. Usually applied by spraying.
Wind-eroded area within o dune system.

A rounded rock on @ beach, greater than 250mm in diameler.

Failure of the beach head allowing flooding by tidal action.

The zone within which waves approaching the coasiling commence breaking, typically in water
depths of between 5 end 10 metres.

Vertically faced or steeply inclined structure built porallel ta the shareling, ot or near the crest of
the beach, ta resist erasion, usually timber.

Large coastal structure designed o protect on crec from wave action, either for aavigation or
coastel defence. Con be connected 1o or detached from the shareline.

Moving beach material fram the updrift to the downdrift side of on abstruction 1o longshore
drift i.e. harbour breakwaler, estuary or river mouth.

The level to which both tidel fevels and water depths are reduced - on mest UK charts this level
is approximately the predicted lowest astronomical tide level (LAT).

See Sediment cell

General term used to encompass both coast protection against eresion end sea defence
against floading.

Works or management operations intended o coalrol coostal erosion

Coliective term covering the aclion of natural forces on the shoreline, ond nearshore seabed.
The effect when hard defences (including beaches fixed in position by control structures)
interrupt tha naturcl response of the shareline to sea level rise, restriciing landward refreat and
resulting in loss of the intertidal habitat.

A rounded rock on a beach, with diameter ranging from about 75 to 250mm - see also
boulder, gravel, shingle.

Sedimenl containing significant proportion of clays, the electromagnelic properties of which
cause the sedimant fo hind together.

Plants and/or animals living logether under characteristic, recognisable conditiens.
An inner, often much less permecble portion of a breakwater, or barrier beach.
Highesl point on a beach face, breakwater or seawall,

Perpendiculor fo the shoreline.

Erosion of dunes by wind acton.

Usually cn extreme wave condition with a specified return period used in the design of coastal
works.

A breakwater withoui any carstrucied connection 1o the shore.

Process offeciing wave propagation, by which wave energy is radioted narmal to the direction
of wave propagalion info the lee of an island or breakwoler.

Winds with greatest effect on shoreline processes.

Direction to which materiat is being transported in the littaral zone.

Accumulations of windblown sand on the backshore, usually in the farm of small hills or ridges,
stabilised by vegelafion or control structures.
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Dune face

Ebb

Embankment
Estuary

Extreme
Fetch
Fetch-limited

Fixed dune
Foredune
Foreshore
Freeboard
Gabion
Geotexiile
Gravel

Grey dune
Groyne

Groyne bay
Habitat
Hard defences

Headland
Intertidal

Joint probability
Leach

Littoral drift
Littoral zone

Longshore drift
Machair
Muacrotidal
Mesc-tidal
Micro-tidal
Mud flat

Mulching
Natural successian

Neap tide
Nearshore
Numerical modelling
Offshore

Overwash
Physical modelling
Pocket beach
Prevailing winds
Prograding

Reef

Refraction

Regrading
Reprotiling
Return period

Revetment

Rhizome
Run-up, Run-down

The seaward face of a dune system where coastal processes may couse erosion or accretion.

Pericd when fide level is falling; often taken to mean the ebb current that occurs during this
period.

A bank profecting land from fiooding.

A semi-enclosed coastal body of water within which seowater is mewsurably diluted with fresh
water derived from land drainage.

The value expecled io be exceeded once, on average, in o given (long) peried of time.
Dislance over which o wind acts to preduce waves - also termed feich length.

Situction in which wave energy [or wave height} is limited by the size of the wave generation
area (feich).

Dune with a surface stabilised by vegetation.

Develaping dune which lies nearest the seo in a prograding system, also embryo-dune.
Shore behween high and low water - see also intertidal.

The height of the crest of & siructure abave the still water level.

Wire mesh baskeis filled with rock.

Synthelic or notural fabrics used in enginsering to separate layers of granular matericl.

Beach material usually well rounded ond between abeut Zmm and 73mm in diomeler - see
also shingle.

Well-vegeiated fixed dune with mosses, lichens, grasses and herbs.

Narrow, shore-normal [approximately) structure buill to reduce longshare currents, and/or to
trap and retain beach material. Mast groynes are of imber or reck, and exlend from the
beach head across the foreshore.

The beach compariment between two groynes.

The recognisable area or type of environment in which an orgonism normally lives.

General ferm applied to impermeable coostal defence structures of concrele, timber, steel,
masonry efe, which reflect o high proportion of incident wave energy. cf. Soft defences
Hard feature { natural or arfificial) forming lacal limit of langshore extent of a beach.

The zone between high and low tide lines - see also foreshore.

The probability of two |ar more] events cccurring logether.

The process by which percolating water removes nutrients from the soil

Movement of beach material in the littoral zone under the infiuence of waves and currenls.
Zone from the beach head seawards to the limit of wave induced sediment movement.

Movement of {beach) sedimenis approximately pordllef 1o the coastline.
Sandy coostal plain, typically caleareous [as found in northwest Scolland).
Tida! rangs greater than 4m.

Tidal range between 2m and 4m.

Tidal range less than 2m.

An area of fine silt usually exposed at low lide but covered at high tide, accurring in sheliered
estuaries or behind shingle bars or sand spits.

Mixing organic material into the sediment surface to reduce erasion, moisten the surface and
ferilise the sail.

The process by which one community of orgenisms gives way to another in on orderly series
from colonisers o climax.

Tide of lzest range in the tidel cycle.

Areas where waves are transformed by inferaction with the sea bad.

Refers to the analysis or prediction of coastal processes using computational madels.

The zone beyond the nearshore zone where sediment molion induced by waves alone
effectively ceases and where the influence of the sea bed on wave aclion has become small in
comparison with the effeci of winc.

The effect of waves overlopping a beach, often carrying sediment landwards
Refers to ihe investigation of coasial processes using a scaled modsl.

A beach located beiween two headlands.

Winds of greatest frequency, cfien but not always the dominant winds.
Developing olong the shore ar inlo open waler.

A ridge of rock, or other matericl, lying seawards of the low water line.

Pracess by which the direction of ¢ wave moving in shallow water af an angle o the
bathymetric contours is changed so that the weve crests tend to become more aligned with
lhose conlours,

The mechanical movement of beach sediment from the lower fareshore 1o the upper foreshere -
see also reprofiling.

The mechanical movement of beach sediment from downdrift lo updrift - see also regrading.
Average period of lime between occurrences of a given probability event.

A sloping surface of stone, conerete ar other material, used fo protect the shareline against the
seq.

Fleshy rootball of plant from which roots and side shoots develop.

The upper and iower levels reached by o wave on o beach or coastal structure, relative to sfill-
waler level.



Salient

Salt marsh

Sand

Sea defence
Seawall

Sediment

Sediment cell

Sediment sink

Sediment source

Shingle
Shoreline
Shoreline
management
Significant wave
height

sill

Silt

Slack

Soft defences
Spring tide
Spit

Strand line
Surge

Suspended load
Swash zone

Swell [waves)

Surf zone

Tidal current
Tidal range
Tide

Tombaole

Thatching
Updrift

Water table
Wave climate
Wave direction
Wave height
Wave period

Wave spectrum

Wave transformation

Wind rose
Wind sea
Wind set-up

Yellow dune

Coastal farmation of beach material developed by wave refraction and diffraction and
longshore drifi comprising a bulge in the coastline towards an offshore island or breakwater,
but not connected te it as in the case of a tombolo.

Intertidal area having characteristic vegaiation adapted 1o saline sails and to periodic
submergance in sea waler,

Sediment porticles, mainly of quartz, with a diometer of between 0.062mm and 2mm,
generally classified as fine, medium, coarse or very coarse

Woarks or manragement operations infended o prevent coastal floading

Solid near vertical coastal defence siructure built parallel to the coastling, usvally of concrete or
masonry.

Particulate matter derived from rack, minerals or shell debris.

In the conlexi of a strategic upproach to coastal manogement, a length of coasiline confined by
nelural or artificial barriers around which no sand or shingle can ke ransparted - also know os
coostal cell.

Point ar area at which beach material is irretrievably lost from a sediment cell, such as an
estuary, or a deep channel in the secbed.

Point or area on o coast from which beach material arises, such as an eroding cliff, ar river
mouth.

Coarse greined beach sediment dominaied by grovel but including seme sand.

One chorocteristic of Ine coast, ofien poorly defined, but essenficlly the inferface between land
and seq.

The development of strolegic, longterm and sustcinable coastal defence policy within o
sediment cell.

Measured os the average height of the highest third of the waves in a seq, and is epproximately
the visually observed wave height {H_ or HJ.

Cantinuous shore parallel struciure, submerged at high fide.

Sediment particles with a grain size between 0.004mm and 0.062mm i.e. coarser than clay
particles but finer than sand.

Area within dune system where the surface is al or near the ground water level.

Usually refers fo manoged beaches, salimarshes or mudflats that provide profection to the
shoreline, bul may also include rock siructures which dissipale waves rather than opposing
them. cf. Hard defences

Tide of grealest range in a monlthly cycle.

Along, narrew accumulation of sand or shingle, lying generally in line with the coast, with one
end atlached fo the land ond the other projecling into the sea or across the mouth of an
estuary,

Line of debris formed at the limit of wave run up along the upper foreshere.

Changes in water leval as a resull of meteorclogical forcing {wind, high or low barometric
pressure] causing o difference beiween the recorded water level and that predicled using
harmonic analysis; mey be positive or negalive,

A mode of sediment transport in which the particles are suppoarted, and corried along by water,
The zone of wave acfion on the beach, which moves as water levels vary, extending from the
limit of run-down 1o the limit of run-up.

Remately wind-generoled wavas. Swell characteristically exhibits a more reguler and longer
period and haos longer crests then locally generated waves - ses clso wind sea.

The zone of wave action extending from the waler line {which varies with tide, surge, setup,
elc.) out o the most seoward point of the zane [breaker zone) af which waves approaching the
coastline commence breaking, typicolly in woler deplhs of between 5 and 10 metres.

The movement of water associated with the rise and fall of the fides.

Vertical difference in high ond low waler level once decaupled from the woler level residuals.
The pericdic rise and fall in the level of the waler in ocears and seas; the result of gravitotional
atiraction of the sun and moon.

Ceastal formation of beach malerial developed by refraction, diffraction and longshore
drift to form a ‘neck’ connecting a caast to an offshore island or breakwaler - see also salient.
Covering of brushwood laid down o protect dune grasses and help frap sand.

Direction from which material is being Iransported in the littoral zone.

Level below which the seil is waterlogged.

The seazonal and annual distribution of wave heighl, period and direction.

Mean dicection of wave energy propagalion relative to frue North.

Vertica! distance from wave trough to crest.

Time taker for the passage of successive waves past a point.

Distribution of wave energy as o function of wave frequency and direction.

Change in wave energy due ‘o the action of physical processes.

Diagram showing the long term disiribution of wind speed and direction.

Wave condilions direcily aliribulad o racent winds - see also swell.

Elevation of the waler level over an area directly caused by wind siress on the waler surface.

Incomplelely vegetated dune with bare sand frequently exposed between plant siems.




7.2 Abbreviations

Organisations
BTCY

Cccs

CPAU

MAFF

SEDD

SERAD

SNH

British Trust for Conservation Volunteers
Counlryside Commission for Scotland
Coast Pratection Authority

Ministry of Agriculture, Fisheries and Food
Scottish Execulive Development Department
Scoftish Executive Rural Affoirs Department
Scoltish Notural Herilege

Parliamentary Acts

CPA
FEPA
TCPSA
WCA

Water levels
SWL

HAT
MHWS
HWMOST
HWMONT
MSL
LWMONT
LWMOST
MLWS

LAT

Coast Protection Acl, 1949

Food and Environment Protection Act, 1985
Town and Country Plenning {Scotlond] Act, 1997
Wildlife and Countryside Act, 1981

Siifl Waier Levsl

Highes! Astronomical Tide

Mean High Waler of Spring tide

High Waier Mark of Ordinary Spring Tides
High Water Mark of Ordinary Neap Tides
tMean Sea Level

Low Waler Mark of Ordinary Neap Tides
Low Water of Ordinary Spring Tides

Mean Low Water of Spring tide

Lowest Astronomical Tide

Envirenmental designations

AGLY
ESA
LNR
MCA
MNR
NHA
NNR
NSA
Ramsar Sites
SAC
SPA
5551

Others
EA

ES

GIS
GPS
oLD
PA

P Dev

Areas of Great Landscape Valve
Environmentally Sensitive Area
Local Nalure Reserve

Merine Consultation Area
Marine Noture Reserve

Natural Heritage Areas
National Nature Reserve
Nafional Scenic Arsas

Wetland habitals site designated under the Romsar Convention
Special Area of Conservation
Special Proteciion Area

Site of Special Scientific Interest

Environmental Assessment
Environmanial Statement
Geographic Information Sysiem
Global Positioning System
Operdations Likely 1o Demage
Planning Authority

Permitied Development



Appendix 1 Erosion management options

Summaries
1. Aduptive management
Dune grass planfing
Dune thatching
Dune fencing

2
3
4
5. Beach recycling, including sand, gravel and boulders
6. Sandbag structures

7. Beach nourishment

8. Gabion revetments

9. Artificial headlands

10.  Arfificial reefs

11.  Nearshore breakwaters

12.  Groynes

13. Beach drainage

14. Rock revetments

15. Timber revetments

16. Impermeable revetments and seawalls

17.  Novel coast protection methods

These summaries are infended as siand alone documents. They contain sufficient information ta allow propased
schemes to be assessed and to guide non-specialists in the implementation of minor management projects, The
summaries are not intended to replace the services of a competent coastal consultant for the design and
implementation of larger schemes.

In order to provide a comprehensive guide to the options available for the management of coastal erasion
all principle coust protection and erosion management techniques are covered. It must be recognised,
however, that virtually all of these can be damaging 1o the natural environment, to a greater or lesser
degree, in inappropriate situations. The inclusion of any particular approach herein does not, therefore,
indicate that it is, necessarily, environmentally sensilive, nor that SNH censiders it universally appropriate as
a means of managing erosion. Rather, the summaries highlight and encourage the pursuit of good practice,
from an environmental perspeclive, which ever approach is deemed necessary by the circumstances

concerned.

Each summary conlains a decision support iable to highlight the main considerations of appropriate locations,
guide costs {2000 prices), effectiveness, benefits and problems. This is followed by o general description,
discussion of function, guide to methods, and ¢ discussion of possible impacts, enviconmental opporiunities and

best practices.

Summary 1 seks out a discussion of the benefits of taking a minimal intervention approach. This should be
reviewed with respect to any eroding dune site before other managemeni approaches are considered.

Summaries 2 through 6 describe aopproaches that can be undertaken by non-specialists: costs are relatively
low and the consequences of poor design or implementation cre short term. If proposed schemes are of ¢
large scale, the services of specialists should still be commissioned to ensure cost effective implementafion
based on a tharough understanding of the site conditions. These approaches can be used in combination fo
good effect, and can also be used in conjunction with the more costly options as a way of enhancing the

recovery and growth of the dune foce.

Summaries 7 through 16 set aut approaches that require the services of specialist coastal consultants. The
methods cre cosily ond the consequences of improper design may be damaging to both the local shorelire and
the wider coastal zone. None of these approaches should be implemented without a thorough understanding

of the site, the likely future evolution of the shoreline and the long term costs and benefits.

Finally, summary 17 presents a brigf description of a number of alternative appreaches that have been tried
both in the UK and abroad. In general, these options are considered to be of litle value in the management of

dune erosion in Scotland.
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Summary 1:

Defend or adapt?

ADAPTIVE MANAGEMENT

APPROPRIATE LOCATIONS | Localions with low value, life expired or maveable backshore assets

COSTS Depends on backshore assets
EFFECTIVENESS Short term loss of assets, but highly sustaineble over medium to long term
BENEFITS Allows natural processes 1o continue with passible strategic benefits spread over

adjocent oreas. No ongoing management costs,

PROBLEMS Backshare assets are lost or moved, often causing conflict due to differing
perceptions of values

General description
Many cases of dune erosion may be best managed by not interfering with the natural processes, but instead
accepting that erosion will occur and adapling backshore management accordingly. This approach will involve

relocation and menitering cests, but these may be much lower than the cost of protection.

Adopfive management should be cansidered at all sites before considering any of the ather oplions set outin

this guide.

Function

Dune erasion is often cyclical with periods of loss balanced by periods of gain. Erosion may also not be
constant alongshore, with areas of loss balanced by adjaceni areas of gain. Works undertaken to arrest the
rate of erosion ot a specific site may be delrimental to subsequent natural recovery at that site, and may
increase erosion along adiocent frontages. The neft result may well be accelerated long term shoreline
recession. Allernatively defensive works, such as groynes or revelments, may become redundant if natura|
recovary causes the defences to be complefely buried by sand. In sither case the efforts to influence dune

ercsion would be either wasted or damaging.

Adapling 1o erosion, or the potential for erasion, by moving, replacing or demolishing struetures or other assets
that are at risk will avoid the need for interference with coastal processes. Better stil! is the initial control of any
form of development aleng the shoreline dunes, though in many instances it will be too lote 1o adopt this

prevenfative approach.

Comman assets at risk around Scottish dune systems are golf course tees and greens, umenity areas ond
fcotpaths, caravan sites and grazing land. Although these feaiures may be viewed as essential to the character
of the coast, the costs involved in re-siting or replacement could well be much lower, ond mare susiainable into
the future, than the cosis of constructing defences Ic profect them.




Methods

The decision to abandon or move backshare assets should be based on the actual or perceived volue of the
assets at risk, the costs of effeciive erosion management alternatives (including fuiure maintenance costs) and
the environmental acceptability of those defences. It must alse be based on a clear understanding of the
physical and biological processes offecling the beach/dune system and predictians of the likely future evolution
of the shoreline. This understanding will require invesiment in studies of past shoreline evolution and existing

condifions, combined with a monitoring programme to allow ongoing reassessment of the evolufion predicfions.

If management of marine erosion is being considered it is assumed that assets of value are being threatened.
These assets may be natural, such as a rare habilat or a particularly interesting geomorphological feature. In
general erosion of such features would be considered part of their natyral evolution and therefore preferable to
management inferference. Mare often the assets will have socio-economic importance, ranging from amenity
access fo a beach up to an industrial complex or power station. The shoreline manager must start by
considering the value of the assets that moy be at risk, then iry fo establish an understanding of the likely future
evolstion of the beach/dune system. Finalfy the manager must determine whether it is befter to lose/mave the

assels or aftempt 1o prevent or reduce the erosion.

The value of the backshore may be ossessed in economic terms, based on the present replacement cost of
buildings, infrastructure or land. The assessment should also consider the wider values such as pofential loss of
jobs, ransport routes, rare habitats, recreation or cultural heritage (i.e. archaeological sites). Within Scotland
there is no formal procedure for underiaking the benefit analysis, allowing each case to be treated on its own
merits. |f a formal approach is required for high value sites the methods used by the Minisiry of Agriculiure,
Fisheries and Food in England provide o useful model {MAFF, 1993b).

In some cases, such as remote Highland beaches, the value assessment may be relafively straightforward and
may lead fo the rapid conclusion that any works would need fo be very low cosi and directed more at short
term recreation and habitat management rather than attempts 1o prevent marine erosion. In other cases,
including areas on the east and south west coasts that are heavily developed for industry or housing, the
decision may also be siraightforward, leading to substantial investment in major permanent defence works.
More commonly the users of this guide will be concerned with the complicated issues arising from situations
lying between these two extremes.

Having formed an inifial view on the value of the backshore the manager must cansider the likely evolution of
the shoreline, and the potential for any backshore flooding as a result of erosion. This is a difficult jask os there
is often a lack of data, and what there is will often be skewed fowards the very recens past. |t must be
remembered that dune development can be measured over fimescales of decades or centuries, whereas
substantial erosion can occur in a single storm. The services of @ specialist consultant are likely to be required
for impertant or complicoted sites,

Ideally, investigations will combine site manitoring over several years with a desk siudy of available data.
Hisloric maps, charts, surveys and aerial photographs give an indication of leng lerm rates of shoreline change,

while engineering records may indicate whether changes are related 1o human interference ar are indicalive of

Clear felling of forestry
along an eroding
coostline. Malure frees
car pull up large areas
of soil when toppling;
felling them in advance
of ceastal erosion
minimises this domage
and may reduce the

rate of refreal.




naturel frends. Wind, wave and water level records will provide evidence to assess the likely frequency of
evenis leading to erosion or accretion, and will allow any recent storm related damage 1o be sef into a long
term context. Backshore topographic surveying of any lowlying areas will eslablish the potential for flooding in

the event of dune breaching.

Cften thess investigalions will lead 1o the conclusion that shareline change is cyclical over periods ranging from
seasors to decades, but that there is also an underlying trend of recession. Rapid erosion ever o period of, say,
five years will cause great concern to those interested in the backshors, but this may be preceded or followed
by decades of accretion or stability. A panic response to the erosion may well lead to the construction of
inappropriate and unnecessarily cosily defences. A mare reasoned response may be to recognise that the
rapid erosion is an unusual fuctuation within a long term, graduai rendl of recession. Conlinued rapid erosion
may well be unlikely, but any management decision would have o recognise that the bockshore ossets will
ultimately be af risk.

Having established a reasonable understanding of the coastal processes, a plon should be formulated for both
short and long term management. In the short term it may be appropriaie fo inifiate delaying tactics such as
vegetation transplanting, dune fencing or beach recycling (Summaries 2 to 5). These aclivilies can reduce the
impacts of shart term storm events, but are unlikely to reverse a long term trend of shoreling recession. Plans for
the longer ierm may need to recognise likely recession rates and the importance of moving assets out of the risk
areas.

Costs associated with adapive management are site specific and can not be generclised. Accepting the
gradual loss of & site valued as an undeveloped public recreation area may incur no actual cost at oll apart
from monitoring and minor works fo delay erasion or encourage recovery [Summaries 2 o 5). At the other end
of the scele the demolition and replacement of threatened shoreline buildings or recreational facilifies may cost

many thousands of pounds.

The clternalive long ferm management approaches are fo design and implement substantial and costly
schemes, ollowing for ihe future management of on-going local and regional erasion. These approaches are
considered in Summaries 6 o 17.

Impact

Adopfive management will result in the controlled loss of backshore assets and the confirued evolutian of dune
habitat and land form. This cpproach can be highly emative, with loca! interest groups protesting vigorously
and demanding that more positive actions be faken, However, it must be accepted that both erosion and
accretion are natural elements of dune evolution, und that maintenance of natural evolution is, wharever

possible, preferable to costly and environmentally disruplive infervention.

Best practice and environmental opportunities

Adaptive management minimises intetference with the natural processes and ecosyslem of an evolving dune
system. Although a strict do-nothing approach could be taken, it may often be appropriate to implement short
term works to manage and repair storm related erosion within a longer term policy of controlled adaplation.

These complimentary approaches are discussed within option Summaries 2 to 5.

Menitoring, consultation and education are at the heart of adaptive management. The shoreline should be
confinuously assessed using dafa collected from site, combined with any available historic or published dota,
The monitoring will allow the menagement policy fo be reviewed from fime to fime. Methods for appropriate
beach/dune erosion monitoring are set out in Appendix 2 of this Guide. Impacts of the palicy on recreation,
land use and habitats should also be monitored.

Consultation is required to assess the volues associated with the backshore, and o develop a consensus view
on how to deal with the assets. This process is firmly linked with education, requiring the manager to set out the
background issues in a language that can be readily appreciated by those who are affected.

Those responsible for the management of ercding dunes should be aware of the petential danger to the public
of a collapsing dune face. Dangers exist both from falling down the face and from being buried at the base.
Warning signs sei up along the crest and at public access points sheuld be the minimum response fo these
dangers.

Adapfive management should be incorporated inta o lang ferm coastal zane management programme that
includes land use planning and environmental management over an area that may well extend beyond the
immediate dunes. The approach allows for the sustainable, long term management of the shore, with no

commitment fo cosily or environmenlally disruptive engineered schemes.



Summary 2: DUNE GRASS PLANTING

APPROPRIATE LOCATIONS

Above normal limit of wave run-up at any location with available blown sand,
Unlikely 1o succeed where erosion is severe.

COSTS Low, but labour intensive with on-going management {£200 - £2000/100m length
for each visi].

EFFECTIVENESS Enhancement to netural dune recovery. Reservoir of sand held in planied foredunes
will provide o buffer to resist storm erosion.

BEMNEFITS Compliments natural sysiem. Can be used 1o improve other management options.
Potenfially self sustaining.

PROBLEMS Normally requires dune fencing or thetching to achieve success, Moy be completely

lost ta storm erosion.

Dune stobilisaticn using
morram and lyme grass

fransplonts.

General deseription

Vegetation encourages dune growth by frapping and stabilising blown sand. Transplanting marram grass

{Ammophila arenaria) 1o the foce of eroded dunes will enhance the naturcl development of yellow dunes chove

the limit of direct wave altack. Sand couchgross {Elymus forcius) or lyme grass {Leymus arenarius) can be

iransplanied to encourage the growth of new foredunes along the ioe of exisling dunes, as these species are

tolerant to occasional inundafion by seawater. Planting grasses from seed can be undertaken but will nat

normally be successful in the very active foredune environment.

These naturcl dune grasses act to reduce wind speeds across the surfoce, thereby trapping and holding sand.

They grow both vertically and horizontally as the sand accumulates. Marram grass is particularly effective as it

positively thrives on growing dunes, ond is perhaps the easiest to Iransplanl.

Function

Transplanting vegetation will not prevent erosion, bui it will accelerste natural recovery after storm damage
crealing a reservoir of sand within the foredunes that will make the dunes betier able la withstand the next

period of erosion, Additional warks are ofien necessary to increase the potential for success. Thatching

{Summary 3), fencing (Summary 4) and beach recycling {Summary 5} will assist in the accretion of sand, will

provide minor pratection from waves and will reduce domage due to tramgling. Once grasses are well

established they may well become selsustaining, although any siorm erosicn demage will need ta be rapidly

made good.




Polential borrow arsas for small
schemes on lee side of yellow dunes
{roots less developed, blow oul risk
less savere)

Marram and lyme grass transplanied al 0.2m-0.8m
intervals above storm wave run-up limit.
Lyme grass and sand couchgrass transplanted

down to normal limit of wave run-up

Dune fencing lo
encourage accrelion

MNormal limit of
wave run-up
)

Sand from recycling or accreled
due to fencing (maximum slope
about 1:2). Alternatively existing
eroding face can be re-profiled Posis driven to 1m below
{o a shallower slope. lowest expected beach level

Transplanting dune grasses to an eroded dune face

Transplanting can also be used to enhonce the appearance and effectiveness of built erosion defences. Rock,
timber or gabion structures can provide a fixed defence line but are incangruous along a natural dune coast:
parfial buricl of these structures using recycled sand, followed by iransplanting, will create ¢ more natural dune
appearance if conditions are favourcble. Howaver fransplanting 1o inappropriate locations can be a waste of

resources, as illustroted in the photograph below.

Methods
The subject of dune vegetation jransplaning is covered in deloil within varicus publications, including the British
Trust for Conservation Volunteers “Sand Dunes Handbook”. It is comman praciice in the management of wind
erosion and recreational pressures and has bezn underiaken at many sites. Essentially, vigorous plants are
pulled or dug up from a svitable borrow areq, and are replanied on an eroded face, where they will be
immedictely effective in trapping blown sand. Where stock, such as sheep or callle, can gain access to the
replanied site these may cause considerable damage through grazing and rampling of the transplanted

50 grasses. Growth and stabilisalion will often only be realised once these have been excluded, for instance
through fence construction. Addifional works such as re-profiling of steep or unstable faces, fencing or thatching
should be done in advance to avaid damaging the transplants. These complimeniary approaches are
discussed in Summaries 3 to 5. Without these works, Iransplanting is unfikely to be successful unless notural

recovery is well underway. The basic principles of transplanting are illustrated above.

Marram grass is tolerant of salt spray but not immersion, ond should be planted obove the expected run-up limit
of storm waves, lyme grass can tolerate occasional inundation and can be ransplanted down 1o the beach
dune interface. |n practice there is little point in trying to extend the vegetation cover foo far as wove damage

may quickly remave the lowest iransplants before they have a chance to take root.

Commonr dune grasses.

b) lyme grass




Marram planted to
landword of a large
rack revelment lacks
vigour as it is starved of

blown sand.

Five yeors on from
planting, morrom is
thriving on this dune

face.

Transplanting should not be seen as a one-off operation. Regular mainterance is required 1o replace unhealthy
plaats, apply ferfilisers, prevent trampling and extend cover to odjacent areas. Work con be underiaken af any
time of year, but early spring is generally considered to be the optimum to avaid frosts, starm erasion, drought
or frampling. Even assuming no storm erosion, it is likely that it will take two or three years before transplants

begin to thrive and spread.

For small schemes transplants may be taken locally, ensuring that the borrow area is not denuded to the extent
that blow outs may form. Larger schemes require @ commercial supply or @ managed nursery area within the
dune system. Forward planning is required to ensure that sulficient seedlings and/or mature plants are available
for transplanting. Sewing dune grass seeds is not a practical solution lo marine erasion, but can be applied

successfully to more stable bockshore dunes, if considered necessary.

Costs for fransplanting are dependent on labour, sources of transplanis, extent of works, the need for ongoing
management and the cost of ancillary works to help stobilise the dune face. Small schemes implemenied by
volunteer lubour using local transplants may cost almost nathing, while extensive schemes using commercial
nursery fransplants and contracted labour may cost up to £20,000/km, plus ongoing management costs. Cost
cssessmenl should allow for the possibiliy that the transplant scheme may be substantially damaged by the first

storm event following the works.
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Impacts

Transplanting and management of appropriate dune grasses to the dune face will have no demoging impact on
the notural environment of the receiving area, but can be harmful to the borraw area. Over harvesting of
transplants from any area can give rise to increased local erasion, This may be most significant for sand cauch

grass, as the borrow area will necessarily be o foreduna susceptible to wave over-washing and wind erosion.

Construction of fences or thatching will disrupt public use of the beach, so provision must be made for controlled

access.




Best practice and environmental opportunities
New vegelation cover to an eroding dune face will encourage recovery without damaging the ecological and
geomorpholegical interests or the aesthetic appedl of the shoreline. The approach is polentinlly selfsustaining if

the grasses become well established.

Transplanting ond associaled dune fencing can improve the appearance and environmental acceptability of
built defences that might otherwise detract from the dune landscape.

All dune monagement schemes should observe the foliowing guidelines to maximise the probability of success

and minimise impacts on the natural and human environment:

@ Each dune erosion site must be considered independenily, with manogement approaches tailored to the
specific site.

o A policy of “Adaptive management” {Summary 1] sheuld be considered for all sites before other options are
assessed,

© Work should not be undertaken unless the beach-dune system and nearshore coostal processes have been
monitored over several years and o reasonable understanding of the physical and natural envirenment has
been established. Hasty responses to arosion may prove to be either unnecessary or damoging.

@ No work of @ permanent nature should be undertaken unless important immovable or irreplaceable backshore
assefs are at risk.

@ Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that a broad view of the shoreline and nearshore zone is considered prior to
implementing any particular management approach.

@ Considerafion must always be given to bath long term “average” and short term exireme weather and sea
conditions to determine the life expectancy of any operations.

@ Consideration must be given 1o the consequences of Failure, such as construction debris spread along the
beach, public safefy hazards, loss of amenity access, deterioration of the landscape, etc,

@ Work should be planned and scheduled to limit damage to fragile ecosystems and ta recreation.
Consideration should be given o vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ All site staff must be made aware of the need for careful working practises to avoid environmental damage,
and to avoid hazards associcted with steep and unstable dune faces.

@ Temporary or permaneni management access routes to the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damage to the dunes and to limit the farmafion of
blowouts. Boardwalks or ather temporary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent to the track.

@ Public access routes to the beach should be clearly laid out and fenced where necessary fa prevent frampling
that may lead to blowauts.

@ Educafional displays at backshore car parking areas or along footpoths should be used 1o explain
management schemes and encourage public interest and support for the manogement objectives.

@ Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazards associated with the management schemes (gaps in rock structures, slippery
algal growth, buried defences, submerged strucluras, mud deposits, etc]

@ Post praject monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relative to the objeclives. Appendix 2 of this guide provides monitoring guidelines.
In addition to these general guidelines the following are of specific importance to dune grass planting:

@ Further detailed guidance on transplanting is available from several publications including the BTCV “Sand
Dunes Handbook” [1996).
Transplants should only include those species that are indigenous to the site Yo maintain the natural ecosystem.
Transplant schemes must be contfinuously managed to establish a vigorous growth and to repair natural or
human damage.

@ Re-profiling, thatching or fencing are normally required in association with planting to enhance dune recovery
and to restrict public access or damage by stock,

@ Transplanting should be undertaken in the spring to maximise potential growth and minimise the risk of storm

erosion.



Summary 3: DUNE THATCHING

APPROPRIATE LOCATIONS | Abcve normal limit of wave runup at any location with available blawn sand.
Unlikely to succeed where erosion is severe.

COSTS Low, but labour intensive and requires ongoing maintenance. [£200 - £2000/100m
length plus cost of iransplanting and annual maintenance)

EFFECTIVENESS Enhancement to notural dune recovery. Modest resisiance to storm erosion.
Enhanced by vegetation fransplanting.

BENEFITS Minimal impact on natural system. Materials ara all natural, degradable and low
cost.

PROBLEMS Without meintenance thatching will last no mare than 1 yeor. Materials are often
used to build bonfires.

General deseription

Thatching of exposed dunes faces or blowouls using waste cutfings from ferestry management, or other low cost

materials, is o traditional way of stabilising sand, reducing frampling and protecting vegetation. Materials are

low cost if locally available and no mechinery or skilled labour is required to ochieve success, but continual

maintenance is important. The approach is normally carried out with dune grass planiing lo encourage dune

stability. Thatching materials are often removed for bonfires by beach users.

Thaiching and
brushwood fencing
along an eroded dune

face.

Function

Well laid thaich will encourage dune recovery and will resist some erosion, but cannot prevent erosion where

wave attack is frequent and damaging. The thaich reduces surface wind speeds, encouraging depasifion of

blown sand. Success depends on Ihe amount of blown sand, the frequency of wave attack and the availability

of vegetation. Transplanting dune grosses [Summary 2) after thotching will enhance dune recovery and longer

term stability. Confinual maintenance and replenishment of cuttings is required.




Maximum sand slope about 1:2,
if necessary formed by recycling
or reprofiling existing face

Brushwood butt ends pushed into sand,
with brashing overlapping next butt.
Dune grass transplants can be inserted

through thatch

5= Normal limit of
= wave run-up

Thatching an eroded dune face

Methods

Thaiching has been practised for centuries and well established methads are presented in various publications,
including the British Trusi for Conservation Volunteers “Sand Dunes Handbook”. Materials can include any
form of timber or brushwood cuttings, although conifer brashings [lower branches) from spruce or fir are
preferred for their flof, fon shapes. Thorny species, such as sea bucktharn {Hippophae thamnoides), have the
advantage of discouraging trampling and they are hard to burn, but can be highly invasive if cutfings or seeds
bacome esiablished as new growth. Thaich should be laid to cover 20% - 30% of the exposed sand surface.
Dune grasses should be fransplanted through the thatch o promote sand retenfion and restoration of natural
hahitats (Summary 2]. Where public pressure is significant, access routes should be left between the beach and
backshore, and fencing may be required to further protect slopes (Summary 4).

A similar effect can be achieved by mulching the dune face with coarse vegetative matter such as straw,
seaweed or reeds. Transplanis can be introduced through the mulch. This approach may not be appropriate
for areas with very strong winds as the material may blow eway. Mulching also brings concerns over
introducing foreign plant seeds fo the dune ecology, but has the advaniage of increasing the organic content
and water retention of the dune sand.

Biodegradable mats (jute or similar natural fibres) can be laid over the surface and pinned down. Transplants
can be infroduced through holes. However, mats are not usually recommended for marine erosion sites as they
are likely to be disturbed by waves and left partly attached o the dune face where they will be unatiractive and

ineffective.

Thatching should not be undertaken on steep, freshly eroded slopes. The dune face should be regraded or built
out with recycled sand [Summary 5 prior fo further works. A moximum slope of 1:2 is recommended.

Thaiching will be quickly damaged by wave action and should not extend seaward of the line of normal wave
run-up. The approximate limit of wove run-up can be established by observing and recording the location of the
strand line over Spring tide periods during both winter storms and more normal wove condifions. The loe of a
freshly eroded dune face is normally of the run-up limit of the mest recent severe sea.

Thatching requires regular mainlenance to repair demage caused by erasion or the public, and to extand
coverage as the dune system evclves. Work can be undertaken at any time of year, unless combined with
transplanting when the spring is preferred. On exposed shorelines thatching may be completely lost during
sforms.

Cests for theiching are dependent on lobour, material sources, extent of works, the need for angoing
managemeni and the cost of ancillary works to help stobilise the dune face. Smell schemes using volunteer
labour and free brushwood will be very low cost. Larger schemes undertaken by contractors with large volumes
of brushwood iransporied 1o sile mey cosi up to £20,000/km, plus angoing management costs. Cost
assessments should allow for the possibility that dune thatching may be substantially damaged by the firsi storm
evenl following works.



Rough thatching elong
an erading machair
edge, using local

forestry cuttings.

Impacts

Thatching limits public access 1o the dunes and beach, and alters the oppearance of the dune face. Blown liter
and strand line debris can become trapped. The thaich material may intfroduce unwanted seeds or live cuttings
to the dune ecology. Regular maintenance and provision of centrolled access routes will minimise adverse

public reaction to the visual impact and loss of recreational areas.

Best practice and environmental opportunities

Public access through the dunes and trampling of vegetation can be controlled at low cost by thaiching.
Wastage from forestry operations, roadside tres clearing and discarded Christmaos trees can be used
beneficially. Associated dune grass planting will help to siabilise the foredunes and will extend the dune
habitat. Thatching is low cost and materials are degradable so failure will not jeopardise long term
environmental inierests.

All dune menagement schemes should observe the following guidelines to maximise the probability of success

end minimise impacts on the natural and human environment:

@ Each dune erosion site must be considered independently, with management approaches tailored ta the
specific sife.

@ A palicy of "Adaptive management” (Summary 1) should be considered for all sites before other options are
assessed.

@ Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and o reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove to be either unnacessary or damaging.

o No work of o permanent nature should be undertaken unless important immovable or irreplaceable backshars
nssels are at risk.

@ local interest groups, such as landewners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that a brood view of the shoreline and nearshore zone is considered prior to
implementing any parficular monagement approach.

@ Considerafion must always be given lo both long term "average” and short term extreme weather and sea
conditions o determine the life expectancy of any operations,

@ Consideration must be given to the consequences of failure, such as construction debris spread along the
beach, public safefy hazards, loss of amenity aceess, deterioration of the landscape, ete.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal inveriebrates, fisheries,
public access, noise levels ond public safety.

@ All site staff must be made aware of the need for careful warking practises 1o avoid environmental damage,
and to avoid hozards ossociated with steep and unstable dune faces.

@ Temporary or permanent management access routes to the dune face for materiols, equipment and labour
must be planned and constructed to minimise trampling damage 1o the dunes and to limit the formatian of
blowouts. Baordwalks or other temperary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible 1o wind erasion. Fencing should be used 1o siabilise
sand adjocent to the track.




Public access routes to the beach should be clearly laid aut and fenced where necessary to prevent trampling
that may lead to blowouts.

Educational disploys at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest and support for the management objectives.

Warning signs should be set up highlighting the dangers of unstable dune faces, any construction werk in
progress ar any other hazards ossociated with the monagement schemes [gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposits, eic)

Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines.

In addition ta these general guidelines the following are of specific importance to dune thatching:

Further detailed guidance on dune thatching is available from several publications including the BTCY "Sand
Dunes Handbook”,

Thatch must be regularly maintained to maximise effectiveness and to minimise impact on public use and visual
amenify.

Materials must be degradable and should not introduce foreign seeds, live cultings or pollutants that may
damage the dune ecology. Sea buckthorn is a particularly invasive species and should be avoided as a thatch
material if there are specific concerns about maintaining the local dune species distribution.

Attention should be paid to arees suffering wind erosion as well as wave attack in order to prevent the
formation of large blowouts,

Vegelation transplanting will encourage dune growth and enhance the shoreline environment. Thatching

without transplanting will have a shorf term impact enly as any accumulated sand will remain unstable.



Summary 4: DUNE FENCING

Appropriate localions Above normol limit of wave run-up at any location with ovaileble blown sand.
Unlikely 1o sueceed where erosion is savere.

Cost Law, but requires on-going maintenance. [£400 - £2000/100m frontage length,
plus cost of transplanting and en-going repairs)

Effectiveness Enhancement fo natural dune recovery. Limited resistance lo storm erosion.
Enhanced by vegetation transplanting.

Benefits Minimal impact on natural system. Can be used to control public access and to
improve ofher syslems.

Problems Domaged fences and accumulated debris can be unsightly. Fences need regular
maintenance and have a maximum life of about 5 years depending on material,

frequency of storm wave damoge and vandalism.

General description

Construction of semi-permeable fences along the seaward face of dunes will encourage the deposition of wind
blown sand, reduce frampling and protect existing or transplanted vegetation. A variety of fencing moterials
can be used successfully to enhance natural recovery. Fencing can also be used in conjunction with other

management schemes to encourage dune stabilisation and reduce environmental impacts,

Dune fencing along

upper beach.

Function

Sand fences cannat prevent erosion where wave atfack is both frequent and damaging, but they will encourage
foredune growth and resist same erosion. Fences reduce wind speed across the sand surface and encourage
foredune deposition. They also act as a modest barrier to wave aliack, reducing the erosion polential of waves
near the limit of uprush.

Success dzpends on the void to solid ratio of the fence, the availability of blown sand, the frequency of wave
attack at the fence and the amount of vegetation availoble to stabilise the accumulaled sand. Success will be
enhanced by a programme of dune grass fransplanting {Summary 2}, thatching (Summary 3} and beach
recycling/regrading (Summary 5} io esiablish new foredunes.

Fencing and associaied warks can be used to enhance the appearance and effectiveness of other erasien
defences. Rock, fimber or gabion structures con provide a fixed line of defence, but are incongruous along @
natural dune coast: partial burial by recycled or sand cccreted by fencing and grasses will create a more

natural dune environmenl.




Sand accreted by
fence or recycled
from beach

58

Fenced access to
prevent trampling

Educational displays
encourage public
co-operation

ST

Landward spurs to increase
accretion rate
r«'»

i
g

Regularly spaced
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Support posts buried
at least 1m into beach

Fencing used fo stabilise an eroded dune face

Methods

Dune fencing to control wind erosion and encourage dune stahility hos been undertaken over many centuries,
and the methods are covered in various publications, including the British Trust far Conservation Volunteers
“Sand Dunes Handbook”. Much the same methods are applicable 1o the menagement of marine erosion.
Fencing moterials can include chesinut palings, brushwood, weoden slats or synthetic fabrics. To be effective o
void: solid rafic of 30% to 50% is required. Chaice of maierials will depend on required life, length of frentage
commitment lo maintenance and potential for vandalism.

Brushwood is normally the cheapest material, depending on labour costs, but has a life expectancy of no more
than one year, assuming that it does not get removed for firawood. Syntheiics vary from low cost moterials such
as strawberry netfing up to expensive polyproplylens, nylon or composite wire/synthetic webs. Life
expectancies of synthetics vary from one year fo decades, and mainlenance is minimal. Chestrut paling fencing
is commonly used for dune manogement as it is widely available, easy 1o erect and has a life expectancy of 2-5
years, [t should be noted that the standard poling fences used around construction sites have a void ratic well
in excess of 50% and should rot be used for dune management {see photograph below). Woaoden slat fences
are generally not recommended as they are prone to vandalism and are costly to erect. If used the slats should
be nat more than 50mm wide with gaps of the seme size; wider slots will encourage local scour rather than

deposition, and wider gaps will reduce efficiency in cousing deposition.

Fencing can be insialled forward of the toe of the dunes where it will be subject to occasional wave attack
during storms. Low cost fence maierial, such as brushwood, can be considered expendable during very
exireme events, bul the posts end lensioning wires are best set up lo last for several years at least os they are
cosily to replace. Posts should be long enough 1o aliow burial 1o about 1m below the lowest expecied beach
level. Atlocafions exposed to regular wave attack it may be necessary to place substantial fimbers [e.g.

railway sleepers| as posts to aveid annual reconstruction.



Dune fencing with
ineflective spocing of
chesinut palings. Dune
grasses have been
plonted along the

eroding face.

The approximate limils of wave run-up can be established by observing and recording the location of the strand

line over Spring fide periods during both winter storms and more normal wave condifions. The loe of o freshly
eroded dune face is normally af the run-up limit of the most recant savere sea.

Fencing should be set up parallel fo the dune face, as no significant benefits heve been found from altempling
to orientate fences normal to the dominant wind. Short spurs running landward vp the dune face can be
beneficial to recovery in areas subject te dominant winds blowing at an ccute angle to the shorefine. Spurs
running seaward are less useful as they are likely to be damaged by swash zone debris or by beach users
trying to walk along the shore at high tide.

Dune grass Iransplanting {Summazy 2} should be undertaken after lencing, rather than before, to reduce
trampling ond to foke full advantage of sord accumulated by the fencing. Successful sond fences may be
buried within several seasons and a new line of fencing can be added fo allow further faredune deposition.

Fencing can he undertaken of any lime of yeor, but associated transplaniing is best completed in the spring.

Access routes to popular public beaches should be defined by the fencing at regular intervals (say 100m)
along the dune face. Poorly planned access routes will encourage the public lo damage fences in order to

creale their own paths.

It is possible lo remove fencing for part of the year and to replace it agein, though this may have litle benefit
and the exira work moy be damaging to the dunes. Reasons for this may be to allow greater public access ta
the beach by removing fences in the summer, or lo reduce polential domage fo the fancing by winter storms.
Either way, it will be necessary to ploce large, well bedded posts that can be left permanently in place when
the fencing material is removed and stored.

Fencing costs vary accerding to labour, type of material used, quality, length ond spacing of posts, frequency of
spurs, frequency of public access points, need for management and the cost of ancillary works. Small schemes
in low risk arecs that are implemenied by volunteers may cost less than £500/100m frontage. Contracled
schemes involving fenced access rovtes, spurs and substantial siraining piles may push costs up to £20,000/km,
plus ongoing maintenance. Well constructed fences in appropriate locations should have a 5 year life.

Impacts

Sand fences limit public occess 1o the dunes and beach, and can be visuclly infrusive. Fencing may accumulate
blown litter or sirand line debris, while damaged fences may interfere with the amenity use of the beach. Paling
or slat fencing combine biodegradable fimber with much longer lasiing wire that may cause a long term
nuisance. Synthetics are generally intended to be resistant to degradelion and may remain as an unsightly part

of the dune landscape for many years.




Best practice and environmental opportunities

Fencing along the dune toe allows public access fo be controlled and reduces trampling of vegetation along the
seaward edge of the dunes. Fencing ond associated vegeiation fransplanting can help to stabilise the
foredunes and will exiend the dune habitat. They can also improve the appearance of other forms of built

defences that might otherwise detract from the coastal landscape.

All dune management schemes should observe the following guidelines lo maximise the probability of success

and minimise impacts on the natural and kumen environment:

@ Each dune erosion site must be considered independently, with management approaches toilored to the
specific site.

@ A policy of “Adaptive management” {Summary 1} should be considered for all sites before other opfions are
ossessed.

© Work should not be underiaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and a reasonable understanding of the physical and naturat environment has
been established. Hasty responses to erosion may prove to he either unnecessary or damaging.

@ No work of a permanent nature should be undertaken unless important immovable or irreplaceable backshore
assels are at risk.

@ Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early ta ensure that o broad view of the shoreline and nearshore zone is considered prior fo
implementing any particulor management approach.

@ Caonsideration must always be given to both long term “average” and short term extreme weother and sea
conditions to determine the life expectancy of any operatians.

© Consideration must be given to the consequences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, etc.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, Fisheries,
pubiic access, noise levels and public safety.

o Al site staff must be made aware of the need for careful working practises to avoid environmental damage,
and to avoid hazards associated with steep and unstable dune faces.

© Temporary or permanent management occess routes to the dune face for materials, equipment and lobour
must be planned and constructed to minimise trampling damage to the dunes and to limit the formation of
blowouts. Beardwalks or other temporary surfoces should be laid and should follow the natural contours of

40 the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent to the rack.

© Public access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead to blowouts.

@ Educational displays at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest and support for the management objectives.

@ Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazards associoted with the management schemes [gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud depasits, efc)

© Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relative fo the objectives. Appendix 2 of this guide provides monitoring guidelines.
In addition to these general guidelines, the {ollowing are of specific imporiance to dune fencing:

@ Further detailed guidance on dune fencing is available from several publications including the BTCY “Sand
Dunes Handbook”.

@  Synthetic fencing in bright colours should be avoided to minimise visual impact en the landscape.

© Nondegradable synthstic materials should be avoided in areas likely to be heavily offected by storms, os any
materiol carried away by waves moy become a hozard to swimmers, navigation and sealife.

@ Regular maintenance should be undertaken ta repair fencing and remove rofting or unsightly debris that may
be caught along the fencing.

@ The void to solid ralic for any fence material should be between 30% and 50% to achieve effecfive sand
accumvulation.

© VYegetation transplanting will encourage dune growih and enhance the shareline environment. Fencing

without transplanting will have a short term impact only as any accumulated sand will remain unstable.




Summary 5: BEACH RECYCLING AND REPROFILING

APPROPRIATE LOCATIONS | All locafions, including thase with limited blown sond for natural recavery.

COSTS Low to maderate, but requires ongoing maintenance (£1000- £20,000 /160m
length plus fencing, transplanfing, ete, with similar repaat costs).

EFFECTIVENESS Short term defence aguinst erosion, ond enhancement of natural recavery,
Moderate resistance lo single storms. Enhanced by fencing and vegelation
transplanting, and can be successfully vsed to bury hard defences.

BENEFITS Accelerates natural recovery of feredunes and provides short larm defence agoinst
single severe starms,

PROBLEMS Removes material from other sites, possibly transferring erosion or environmentel
domage to a different frontage. Moy introduce beach debris, norindigenous

sediment and/or vegetalion, potenticlly damaging lecel ecology.

Reprofiled dune face
following storm
erosion, Sond taken
from inter-tida! bar
formed cfter storm

evenl.

General description

Recycling is the mechenical shifting of sand, shingle or even boulders fram an area of accretion to an area of
erosion. Narmally recycling would be undertaken of a local level, with sediment being faken from an acerefing
ridge, the lower beach or an estuary bar, and transported a short distance to an ereding dune face or a blow
out. Alternatively the donor area may be to landward if sand is blown onto roads or other areas where it is not
wanted and from where it can be recovered.

Reprofiling is an alternative term, usually referring to the direct transter of material from the lower 1o the upper
beach or, occasionally, the transfer of sand down the dune face from crest o toe.

If lorge structures, such as harbour breakwaters or river training walls, cross the beach then sediment may
accumulate on the updrift side. This material can either be returned to the beach in the updrift direction, or can
be mechanically bypassed around the structure to feed a downdrift beach.

Recycling sand or shingle can be undertaken to repair minor erosion problems such as blowouis, or it can be
used to rebuild long lengths of upper beach. Use of boulders is usually restricted to relocating small numbers

up the beach face to provide temporary armouring of a short length of dune face suffering minor erosion.

If matericl is imported from a source not related to the eroding site the approach is known as beach

nourishment or recharging {Summary 7).
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Function

Recycling provides an artificial buHfer between the dune face and the erosive forces of the sea. Where erosion
is aclive this buffer provides a shortterm defence of the dunes, possibly only lasting through a single starm.
Where the beach is stable or recovering, recycling accelerates the development of new foredunes. The success
of this approach will be enhanced if combined with vegetation transplanting (Summary 2} ard dune thaiching

[Summary 3] or fencing {Summary 4],

Recycling can also be used to enhence the coastal landscape by burying hord defences (sand bags, rock,
gabions or iimber), with the understanding that those defences may become re-exposed and ocfive during
storms. This will only be successful if the defences are high on the beach face - siructures within the normally

aclive foreshore zone will not be successfully buried as waves will rapidly remove the recycled material.

Methods

Recycling should only be underlaken where the shoreline manager has a good knowledge of local processes
and beach movements developed from measurements and observalions over of least several years. Sand or
geavel should be sourced from areas known to be accrefing, and scraping should not remove sufficient material

to creale a new erosion prablem or to cause any significant environmental domage.

Relocating boulders from the foreshore to the dune fae may be an option for minor erosion problems, but the
boulders will only provide a temporary defence cgainst minor storm events, unless they are placed in sufficient
quenlity as a properly engineered rock revetment {Summary 14). Removal of rocks from the foreshore may well
be damaging to local interfidal habitals, and will make an unattractive and largely ineHective addition to the

dune face.

Prior to planning o beoch recyeling operalion the ownership of the donor erea musi be established and
appropriate consents sought. The intertidal area may be owned by the Crown Esiates, a privale esiate, the

Local Authority, the National Trust or other organisafions,

Approx. 1m above maximum wave run-up level
SR VAL S

"

Maximum 1:4 slope {(sand can be
extended at a flatter slope
across upper beach)

Recycled sand
or gravel

Recycled sand should be stabilised by
transplanting, fencing and/or thatching

Recycled sand or gravel placed along an eroding dune face

The recycled materiol should be as similar as possible to the indigenous sediment. Sediment size, grading, shell
canfent and materiol should malch the upper beach and dune face. The material should also be clean and free of
seeds, If these conditions are not met then the nourishment may cause vnwanied changes lo the beach and dune
prafiles, to the dune ecology and the dune oppearance. Coarser sediments can be used, and may be more steble,
bui they are likely to cause the beach gradient fo increase and will be less likely to form new foredunes. 1deally,
anvironmentel and hydraulic assessmants should be corried oul to determine the acceptability of sediments that de not

meet the optimal criteria.

Scraping from d lower beach bar directly fo seaward of an eroding dune face may well exacerbate existing
problems. The bar will narmally be a fransient feature that acts to reduce wave attack by causing waves fo break or

refract hefore they reoch the dune face. Any scraping should only remove a surfoce layer, say 200mm in depth,

Extraction may also be from other accreting areas, such os dunes, upper beach ridges or from estuary bars.
Whatever the source it is imporlant thel the operation will not create a new erosion prablem or habitat damage, and
that the recycled material is accepiable in ferms of environmental impact, hydraulic performance and appearance.

Careful managemen should ensure that the donor site remeins an area of net accrelion into the future.




There is some debale os o the most effective position 1o place recycled sediment to achieve optimum profection.
Passible locations include the upper beach and dune face, the mid ta lower beach and the shallow nearshore
zone. The former is most obvious os the benefits of recycling are immediate, but, if the sediment is primarily
sand, it will be rapidly redistributed alongshare or acrass the beach face by waves and currents to form a new
equilibrium profile (shingle tends to remain on the upper beach, but may be redistributed alongshere}.
Placement on the midbeach anticipates this redistribution, and provides shoreline protection by helping fo
dissipate wave energy before it reaches the dunes. Flocement below the woter line also anficipates the
redistribution and allows sand to be fed into the beach system gradually; this approach is more applicable to

very large recharge schemes and is unlikely to be considered for dune management.

Although there is some merit in the alternative locations it is generally considered appropriate that deposition of
the recycled material should be atong the upper beach, above the high water line and alang the eroding dune
face. Natural redistribufion of the placed malerial alongshore and cross-shore will occur, parficularly for sand.
Recycling operations should anticipate this redistribution by ensuring thot the volume deposited to the upper
beach is in excess of the amount required for immediate protection jo the dune. The above figure provides
some rough guidance as to appropriate beach profiles that will allow for continued erosion, but gach site
should be assessed separately. Consideralion should be given to the past rates of erosion, the likely rate of
redistribution and the intended life of the recycled material before the next recycling operation will be required.
Fencing or thatching of the new dune line, followed by vegetation transplanfing should enhance the success of
the recycling operation {Summaries 2, 3 and 4). Ongoing monagement will allow the future recycling to be

fine tuned for each site.

Recycling gravel can be very effective. A ridge of shingle along the dune face can provide good proteciion
from wave erosion. The gravel may well be partially covered by sand during natural recovery, and may only
be exposed by storms. A gravel ridge can be successtully controlled by groynes (Summary 10), although great
care must be token with design of these.

The approximate limits of wave run-up can be established by observing ond recording the lacation of the strand
line over Spring tide periods during both winter storms and more normal wave conditions. The toe of a freshly
eroded dune face is normally at the run-up limit of the most recent severe sea.

Frior to placing recycled material along the dune face it may be prudent lo remove some of the existing
foredune vegetation for later transplanting. Vegetation buried by imported shingle or wet sand to a depth of

more than a few centimeires may nof recover.

Woark can either be carried out as an emergency operation immediately after a storm to reduce the risk of
follow on erosion, or as a planned maintenance operation in the spring. Maintenance work ot this fme will
provide the grealest benefit to beach users over the summer and will maximise the length of time for establishing
vegetation to stabilise the dunes. 1t is likely that recycling will have to be repeated annually or after severe
erosion events.

The dimensions suggested by the accompanying skefch are basic minimums to serve as a guide for small
recycling schemes, Grealer and lenger term success can be achieved by increasing volumes and by
undertaking regular lop-ups to maintain effeciive erosion protection. Large schemes should be designed by

competent coastal consultants, following preliminary studies of the physical, natural and human environment.

Equipment required varies with the size of the scheme and ihe duration of the work. A smell wheel loader and
severa! dump trucks are suitable for maving o few hundred cubic metres over a couple of days, but recycling

larger volumes over several miles of beach will require heavy earth moving equipment.

Mechanical cleaning eccurs along some busy public beaches. This process removes some sand along with litier
and strand line debris. Simple screening can separale most of the sand allowing it te be placed beneficially
back on the upper beach without the debsris, which should be disposed of properly.

Costs for recycling vary widely, depending on the scheme obijectives, volumes, distances of transpor, frequency
of ongaing works ard the need for beach control structures such as groynes or breakwaters. Minor warks io
repair blowouts may cast only a few hundred pounds, while lorge scele warks may rur to £200,000/km and
may need lo be repeated annually. Control structures will reduce ongoing maintenance costs but will greatly

increase initiol construction costs.




Layer of wind-blown
sand vpon reprofilad
dune face. Sand
refention and
accumulation has been
encouraged by re-
planting of the
reprofiled slope.

Impacts

Sand deposited on the upper beoch may be subject to wind erosion, causing an unwanied increase in blown
sand across the back shore; fencing and vegetafion transplanting will reduce this problem. The deposits may
also bury existing vegetation and interiidal invertebrate communities, reducing the natural stability of the
foredunes and destroying habitats. As a general rule impacts will be less for regular, small recycling operations

than for occasional large operalions.

Scraping from the source area may allow erosion of a new area of shoreline. IF the source is within an estuary

the response 1o exiensive scraping may be difficult fo predict, and erasion problems may appear at some

distance oway.

Extraction from the source area may also cause local damage 1o habitats, lond forms or amenity. Intertidal
scraping or boulder removal is likely to disturb benthic communities, while re-profiling the dune crest will largely
destroy the local dune habitat, landform and landscape.

If the source material contains dissimilar sediments relafive 1o the indigenous dune sand (e.g. baulders, gravels
or estuary silt), beach dehbris, or vegetotion/seeds that are foreign to the dune system, ihe dune geomorphology
and ecology may be adversely offected. Any fine materials will be washed out of the recycled beach,
potenfially damaging nearshore fisheries and benthic communities.

Best practice and environmental opportunities

Recycling wiil enhance the natural recavery of dune face erosion and provide o wider recreational beach. The
initial arlificial appearance of the upper beach and dune face will quickly be transformed by wind, waves and
vegetation to a more natural farm. Recycling can be combined with fencing, thaiching and fransplanting to
encourage development of new foredunes and an extended dune habilet. Hard defences built high on the
beach face can be buried by recycled materidl, followed by fencing and transplanting, to create a much more

natural shoreline.

All dune management schemes should observe the following guidelines to maximise the probability of success

and minimise impacts on the natural and human envirernment:

@ Each dune erosion site must be considered independently, with management opproaches tailored to the
specific site.

@ A policy of “Adaptive manogement” (Summary 1} should be considered for all sites before other aptions are
assessed.

@ Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and a reasonable undersianding of the physical and natural environment has
been established. Hasty responses ta erasion may prove to be either unnecessary or damaging.

® No work of o permanent nature should be undertaken unless important immovable or irreplaceable backshare
assets are af risk,

® locol interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that o broad view of the shareline and nearshere zane is considered prior to

implementing any particular management approach,



Consideration must always be given to both long term “average” and short term exireme weather and seo
cendifions fo determine the life expectancy of any operations.

Cansideration must be given to the consequences of failure, such as canstruction debris spread clong the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, ete.

Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

All site staff must be made aware of the need for careful working praciises to avoid environmental domage,
and te avoid hazards ossociated with steep and unstable dune faces.

Temporary or permanent management access rautes to the dune face for materials, equipment and labour
must be planned and constructed to minimise rampling damage to the dunes and to limit the formation of
blowouts. Boardwalks ar other temporary surfoces should be laid and should follow the natural contours of
the dunes rather than cutting straight linas susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent 1o the frack.

Public access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead to blowouts,

Educational displays at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest and support for the management objectives.

Warning signs should be set up highlighting the dangers of unsiable dune faces, any construction work in
progress or any other hazards associcted with the munagement schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposits, etc}

Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evalution and the

success of the scheme relative to the abjeclives. Appendix 2 of this guide provides monitoring guidalines.

In addifion to these general guidelines the following are of specific importance to beach recycling:

Large scale recycling schemes should be designed by a competent coastal consultant following preliminary
shoreline management studies

Further guidance on recycling is available from the CIRIA “Beach Manogement Manual”.

Careful consideration must be given fo the long-term management commitment required to establish and
maintain an adequate level of erasion protection. Future funding of menitoring and regular fop-ups should be
agreed before considering this option.

Both the donor and receptor sites should be monitored befare and after recycling to determine the impact and
success of the operation, Profile surveys shauld be repeated at least twice each year along fixed cross-shore
lines.

Exiraction of sand ar shingle from the upper beach should nat be allowed to damage existing dune vegetation
in the source area,

Depasits may smother interfidal benthic communities, disrupting the local ecology. Obvious consequences will
include the temporary loss of feeding grounds for waders. Carsful consideration must be given to this
potential impact.

Fine silts imported with the nourishment material will be gradually washed out, potentially causing short-term
damage 1o nearshore fisheries and benthic communities. Again, coreful consideration must be given to this
impact and particularly to the timing of works in relation to fisheries.

Any material taken from the backshare or from within an estuary should be checked for debris, pollutants and
non-indigenous plant material prior to being transported 1o the depositian orea.

Recycled sand will be subject to wind erosion, so should be stabilised by vegetation transplanting and fencing.
Rack or timber revetments can be buried with sand or shingle, but gabions and sand bags should only be
buried by sand to avoid abrasion damage. Burial should be accompanied by fencing and transplanting 1o

encourage stable new dunes to develop.




Summary &:

SAND BAG STRUCTURES

APPROPRIATE LOCATIONS | Low lo maderate energy sandy shorelines requiring lower cost, temporary defence.

COSTS Low to moderate [£2,000-£10,000/100m frontage)

EFFECTIVENESS Provides short term fixed line of defence. Less than 5 year life. Burial may extend
life.

BENEFITS Low cost, low skill approach using local materials that are returned ta the beach

when the defences no longer required.

PROBLEMS Sond bogs subject 1o vandalism and rapid deterioration due to wave action,
sunlight and public pressure. Bags are sffectively impermeable and do not abserb

wave energy, so beach scour may cccelerate.

General description
Sand bags of various sizes and lengths can be used to form temporary reefs, breckwaters, greynes, headlands
or revetments on sand beaches. Sturdy geotexlile bags are filled in-situ with local beach sand and therefare

have a relatively low cost.

Function

Sand bog siructures can be placed without the need for costly equipment or skilled labour. They can be used lo
farm any form of shoreline structure but will have a short life expectancy due to lack of resistance o physical
demage {wave borne debris impacts or vandalism) and the effects of UV sunlight. They cre potentialiy most
uselul as a buried reveiment under the dune face, where they will form a final line of profection after the
overlaying sand hos been eroded by storm waves. An alterncfive use is fo form temporary headlands

(Summary 9] to protect backshore assets while other, longer term, options ore planned and implemented.

Methods

Bags should be filled and closed according to manufacturer’s recommendations. Care is required throughout to
avoid seleclion should be governed by the anficipated methods of filling ond placing on site. Labour intensive
operations will limit bags 1o about 50kg ond will only be appropriote for small schemes in low wave energy
conditions. large schemes will require filling and lifling equipment. A practical bag size limit is about 3m x
1.5m x 0.5m, containing about 3 lonnes of sand. Long tubes have been used in the past, but these are more
likely to fail, as o single fear will affect the whole ube.
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Buried sand bag revetment

Prior to canstruciion the dune face will need fo be dressed fo form a plane slope on which bags can be laid
evenly. This slope should not be steeper than 1:1.5. Sandbags should be stacked against the dune face, os
shown on the enclosed skeich. The bags should be placed with their tong axes parallel to the beach line. A
minimum thicknass of 2 bag widths is recommended, with a thickress of 3 bag widths for the lowest course fo
reduce scour. The seaward line of bags should be treated as sacrificial. The bags should be filled in-sity, by
hand or by pumping in a slurry of sand and water. Fill material can be recycled or imported sand or fine
gravel, The toe of the completed revetment should be landward of the limit of normal wave run-up to avoid
scour problems. The crest should be about 1m abeve the limit of run-up during starms to avaid overtopping
damage to the dune face.

The appraximate limits of wave run-up con be estahlished by observing and recording the location aof the sirand
line over Spring fide periods during bath winter storms and more normal wave conditions. The toe of a freshly

eroded dune face is normally just below the run-up limit of the most recent severe sea.

Bags intended to provide a buried revetment os a final line of defence should be covered by recycled
[Summary 5) or imported sand, siabilised by transplanted vegetation and fencing/thalching {Summaries 2, 3
and 4. If a good quality geotextile is used to make the bags, and if a regular recycling programme is
mainteined to make gaod seasonal erosion, then a life expectancy of 10 years might be assumed. More

redlistically sandbags will have a much more limited life expectancy, soy 5 years af best.

Damage to sand bag siructures will be most intense af the alongshore exiremes due 1o displacement by wove
action, local scouring of beach levels and vandalism/public pressure. The ends of exposed siructures should be
feathered smoothly back into the dune face with the last 5m-10m of bags buried by several metres 1o allow for
some future erosion. Maintenance attention should be focused on these potential problem areas,

Costs depend mainly on labour, structure dimensions and the need lo bury the sandbags. Small schemes can
be underiaken with volunteer labour with a minimum of liffing equipment, while larger schemes will require
contractors with heavy lifting, pumping and easth moving plant. Costs of up te £100,000/km can be expected,
with an anticipated scheme life of no more than 5 years.

Impacts

Expased sand bags are unsightly and easily dameged. As structures are effectively imparmeable they will not
absorh wove energy, and may cause local beach scour to accelerate. Damaged bags will release the Fill
material back onto the beach, but the bags will remain as unsightly debris along the shoreline. Assuming that
the fill material is taken locally or is similar to the beach material then losses will be harmlass.

As with all fixed defences the sond bags will interfere with the natural dynamic interchange of material between
beach ond dune. They will also influence the longshore ransfer of sand, modify dune habitats, disrupt the

natural landform and potentially result in localised dune face scour at their terminal ends.




Best practice and environmental opportunities

Buried send bogs can form a useful and low cost final line of defence in areas subject ta mild, seasonal erosion.
They are also vseful for temporary (less than 5 years) headland protection while other options are considered,
plonned and implementad, but they should be superseded by a longer term solution. They have no
environmental benefits except that they are femporary siructures, easily remaved with no significant long term

impacts on the physical or notural environment,

All dune management schemes should observe the following guidelines o maximise the probabilily of success

and minimise impacts an the natural ond human environmen::

@ Each dune erosion site must be considered independently, with management approaches tailored to the
specific sife.

@ A policy of “Adaptive management” {Summary 1) sheuld be considered fer all sites before other options are
assessed.

@ Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored aver several years and a reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

@ No work of o permanent nature should be undertaken unless important immovable or irreplaceable backshore
assets are at risk.

@ Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early fo ensure that a broad view of the shoreline and nearshere zone is considered prior to
implemenfing any partficular management approach.

@ Consideration must always be given to both Jong term "average” and short term extreme weather and sea
conditions to determine the life expectancy of any operations.

© Consideration must be given ta the consequences of failure, such as construction debris spread olong the
beach, public safety hazards, loss of amenity access, detericration of the landscape, ete.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and 1o recreation.
Consideration shauld be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@  All site staff must be made aware of the need for coreful working practises to avoid enviranmental damage,

and fo avoid hazards associated with steep and unstable dune faces.

@ Temporory or permonent management access routes to the dune foce for materials, equipment and labour
must be planned and consiructed to minimise trampling domage fo the dunes and to limit the formation of

48 blowouts. Boardwalks or oiher temparary surfaces should be lnid and should fallow the natural contours of
the dunes rather than eutting straight lines susceptible to wind erosion. Fencing should be used ta stabilise
sand adjacent to the track.

® Public accass routes to the beach should be clearly laid out and fenced where necessary fo prevent frampling
that may lead to blowouts.

@ Educational displays at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest and suppert for the management objectives,

@ Warning signs should be set up highlighting the dangers of unstable dune Faces, any construction work in
progress or any other hozards associated with the management schemes (gaps in rack structures, slippery
algal growth, buried defences, submerged struciures, mud depasits, etc)

@ Post project monitering should be undertaken at least bi-annuclly to assess the beach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines,
In addition to these general guidelines, the following are of specific imporionce to sand bag structures:

@ Exposed sand bag siructures are only appropriate for temporary protection while ather management solutions
are planned and implemented; buried siructures have o somewhat longer life expectancy, and hove less
impact on habitat, landform and landscape.

@ Damaged sandbags should be repaired rapidly to avaid failure of the structure, or removed to avoid any
detriment to the landscape.

© Once the structures have served their intended short term funcfion they should be removed to prevent
landscape impacts and to allow natural processes to resume.

@ Where possible recycling, fencing and transplanting should be undertaken to estoblish a new line of foredunes
over the sandbags. Burial will increase the sand bag life, while the new dunes will enhance the coastal
landscape, provide additional erosion protection and re-establish a natural succession of dune habiiats from
the shoreline to the backshore.




Summary 7: BEACH NOURISHMENT

APPROPRIATE LOCATIONS | High value amenily beaches. Shoralines suffering erosion due to updrifi
construction works or channel dredging. Mixed sand/gravel beaches with
maoderate to high velue backshore assets.

COSTS Moderate to high, and requires ongoing moinienance [£5,000-£200,000/100m

frontege, plus controf structures, ongoing management and minor works).

EFFECTIVENESS Short to medium term reduction in erasion. Enhancement fo natural recovery.
1 fo 10 yeor life before first major recharge.

BENEFITS Erasion protection without hard structures. Natural beach processes retained.
Recreational value of beach enhanced.

PROBLEMS Appropriate materials may be unavailoble or expensive. Dissimilar imporled
material may alter geamorphology or ecology. Sand mey be blown inland causing

a nuisance.

The beach at
FPorfobello hos been
renourished with sand

dredged from offshore.

General description

Beach nourishment {also known as beach recharging| involves the importing of sand or gravel to make good
losses due to erosion. If the source of material is local and reloted by coostel processes fo the eroding area
then this approach is known as recycling [Summary 5). Nourishment schemes can vary from a few truckloads

to repair a blow out or other small eroded area up to multimillion pound schemes requiring sea delivery of

sand dredged from the seabed.

Function

The imported material may be placed on the intertidal foreshore where it will help to protect the dunes by
increasing wave energy dissipation across the beach. Alternatively the material may be placed direclly of the
dune face to form an arlificial foredune.

Nourishmeni with sand is nermally only appropriate to high velue amenity beaches or small pocket beaches,

The sand is quickly redistributed alongshore and offshore by waves, currents and winds, so large volumes and
continuing top ups are required to ochieve a lasting benefit. In areas with existing mixed sand/gravel beaches
a gravel nourishment can be cost effective. The gravel tends to form a narrow storm ridge along the toe of the

dunes from where it is redisiributed alongshore by wave actian at high tide only.

The success of a nourishment scheme will be enhanced by vegeiation transplanting and fencing or thatching

{Summaries 2, 3 and 4). In some instances the nourishment may also benefit om the construction of groynes,
reefs, breakwaters or sills (Summaries 10, 11 and 12}, that will reduce longshore transport losses. Where high
value assets are to be protected, the nourishment scheme may be backed by a fixed line of defence such as a

gabion or rock revetment [Summaries 8 and 14}, passibly buried by the nourishment,
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Major renourishment
operations ypically
require sond fo be
pumped onshore from

dradgers

Method

Before giving serious consideration to this approach the dune manoger should investigale potential sources of
nourishment material. Appropriote materials in the required volumes may net be available at a cost that is
acceplable. There are few licensed dredge areas around Scotland, and there is srong competition for both the
material and for the dredge vessels. Aliernatively materials may come from navigation maintenance dredging
or onshore sites. Dredge spoil may be available from ports, but must be carefully sampled prior to use to
ensure that materials do not cantein too much mud, ond that they are nof coniaminated in any way. Land
based sources may be most suitable for small recharge schemes and for top ups, os start up costs are kely to
be lower and materials are likely to be more readily available in small quentities. IF material is available it may
not conform to the ideal size or qudlity siandards desired for the dune management site. Compromises are

likely to be required.

Noursishment should only be undertaken where the shareline mancger has a good knowledge of local
processes and beach movements, developed from measurements ond observations over at least several years.
Nourishment methods are dependent on the scale of operations. The Guide does not consider appropriate
methods for nourishment schemes involving transfer of sediment from the seo; these larger scale operations are

covered by the CIRIA Beach Management Manual and should be designed by competent consuliants.

Delivery from land {whether port dredge spoil or quarried) will involve large numbers of vehicles using local
roads, accessing the beach and placing the material. Each phase of this operation will have impacts on people
and the naturcl environment. Waork schedules will be controlled by the fide, and cost efficiency may demand
night work or a schedule that is damaging to habitat. The significance of these issves will be site specific, but
must be carefully considered. Delivery from the sea is less damaging, but cost effectiveness depends en the

economies of scale and the source of the material.

The nourishment material should be as similor as possible to the irdigenous sediment. Sediment size, grading,

shell content and material should mateh the upper beach and dune face. The material should also be clean
and free of seeds. If these conditions are not met then Ihe nourishment may couse unwanted changes to the
beach and dune profiles, to the dune ecology and the dune appearance. Coarser sediments can be used, and
may create a more stable upper beach, but they are likely lo cause the becch gradient to increase and will be
less likely to form naw foredunes. Environmentol and hydraulic assessments should be carried out jo determine
the acceplability of available sediments if they do meet the ideal criteria,

There is some debate as to the most effective pasition fo place the nourishment to achieve optimum protection.
Passible locations include the upper beach and dune face, the mid to lawer beach and the shallow nearshore
zone. The former is mosi abvious as the benefiis of nourishment are immediate, but, if the sediment is primarily
sand, it will be ropidly redistributed alongshore or across the beach face by waves and currenis fo form a new
equilibrium profile {shingle tends to remain on the upper beach, but may be redistributed alongshore).
Placement of sand on the mid-beach anticipates this redistribution, and provides shoreline profection by helping



Approx. 1m abave maximum wave run-up level

Maximum 1:4 slope {sand can be
extended at a flatter slope

across upper beach)
Imported sand \ —
or gravel

Imperted sand should be stabilised by
transplanting, fencing and/or thatching

Imported sand or gravel placed along an eroding dune face

to dissipate wave energy before it reaches the dunes. Placement below the waiter line also anticipates the
redistribution and allows sand to be fed iato the beach system gradually. This latier approach is only
appropriate to very large recharge schemes and is unlikely to be considered for dune managemeni,

Although there is some merit in the alternative locoticns it is generally considered appropriate that deposition of
the nourishment material should be along the upper beach, above the high water line and along the eroding
dune foce. Natural redistribufion of the placed material alongshore and cross-share will accur, particularly for
sond. Nourishment operations should anticipate this redisiribution by ensuring that the volume depesited o the
upper beach is in excess of the amaunl required for immediote protectian io the dune. The abave figure
provides some rough guidance as to appropriate beach profiles thal will allow for continued erosien, but each
site should be assessed separately. Considerafion should be given to the past rates of erasion, the likely rate of
redistribution and the intended fife of the nourishment before the next top-up operation will be required. Fencing
or thatching of the new dune line, followed by vegelation transplanfing should enhance the success of the
recharge operation (Summaries 2, 3 and 4). Ongoing manogement will allow the future nourishment to be fine

tuned for each site.

Nourishing with grovel can be very effective. A ridge of shingle along the dune face can provide good
protection from wave erosion, The gravel may well be partially covered by sand during natural recovery, and
may only be exposed by storms. A gravel ridge can be successfully conirolled by groynes [Summary 10),
although great care must be taken with design of these.

The approximate limits of wave run-up can be established by observing and recording the location of the strand
line over Spring fide periods during both winter storms and more normal wave condifions. The toe of a freshly

eroded dune face is normally of the run-up limit of the most recent severe sea.

Prior to placing material alang the dune face it may be prudent to remove some of the existing vegetation for
later fransplaniing. Vegetetion buried by imported shingle or wet sand to a depth of more than a few
cenfimetres may not recover.

Nourishment is mast appropriate to pocket beaches where litle material is lost from the sysiem. On long,
exposed beaches where longshore transpoert is likely to redistribute the nourishment material rapidly, there may
be a need lo provide beach control structures such as hecdlands, reefs, breakwalers or groynes. Attempling fo
coniral sond beaches in aseas with high idal ranges is unlikely 1o be successful unless massive cross-share
structures are used. Gravel ridges along the upper beach are much easier to control and require relatively

small structures.

The dimensions suggested by the accompanying sketch are basic minimums to serve as o guide for small
nourishment schemes. Greater and longer term success can be achieved by increasing volumes and by
undertaking regular lop-ups to maintain effective erosion protection. large schemes should be designed by

competent coastal consulionts, following preliminary studies of the physical, natural and humon environment.
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Schemes are best implemented in the spring and early summer when work windows are least restricted and the

nourishment has the grealest chance to stabilise before winter storms start to erode and redistribute the beach.

Costs for @ nourishment scheme depend on the source of material, transport methods, volumes required, the
need for beach control structures, (groynes, breakwaters etc), the need for secondary defences, expected
scheme life before topping-up and the amount of miner warks underiaken o enhance the dune system. Small
recharges using locally quarried gravel that is fransparted easily lo site by road may cost as litle as £3000/
100m fronlage. Schemes requiring large volumes of offshore dredged sand, pumped ashore from barges and
requiring substanlial lop ups at, say, 5 yearly intervals may have an initial cost of £2,000,000/ Tkm with
ongoing menagement costs of £400,000 each year. I secondary defences or control structures are also
included, the initicl costs may rise to as much as £4,000,000/km but future management costs could drop 1o,
say, £100,000/km each year.

Impacts

Sand deposited on the upper beack may be subject lo wind erosion, causing an unwenled increase in blown
sand across the back shore; fencing and vegelalion transplaniing will reduce this problem. The deposits may
also bury existing vegetation and interfidal inveriebrate communities, reducing the natural stability of the
foredunes and desiroying habitats. As o general rule impacts will be less for regular, small nouriskment

operalions then for occasional lorge operations.

If the source material contains sediments dissimilar 1o the indigenous dune beach sond [e.g. gravels or estuary
silt], or if it contains vegetation or seeds thot are foreign to the dune system then the dune geemorphology and
ecology may be adversely affected. Any fine materials will be washed out of the neurished beach, potenticlly

impocting on nearshore fisheries and invertebrate communities.

Best practice and environmental opportunities

Nourishment will increase the volume of beach and/cr dune material, and will enhance the nalural recovery of
dune face erosion. Where large volumes of molerial are imporied, nourishment can provide a wide upper
beach for recreational use, and will gradually feed sedimeni to odjocent beaches due to loengshore drift. The
initial ortificial appearance of the upper beach and dune face will be quickly transfarmed by wind, waves and

vegetalion to a more natural form.

Nourishment can be combined with fencing, thaiching and fransplanting to encourage development of new
foredunes and an extended dune habitat. Hard defences built high on the beach foce can be buried by the
nourishment, followed by fencing and transplanting, to create a much more natural shore.

All dune monagement schemes should observe the following guidelines to maximise the probability of success

and minimise impacts on the natural and human environment:

o Each dune erosien sita must be considered independently, with management approaches tailored to the
specific site.

@ A policy of "Adaplive management” {Summary 1] should be considered for all sites hefore other options are
assessed.

® Work should not be undertaken unless the beach-dune system and nearshare constal processes have been
monitared over several years and a reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove ta be either unnecessary or damaging.

® No work of a permanent nature should be undertaken unless important inmovable or irreplaceable backshore
assels are af risk.

@ Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that a broad view of the shareline and nearshore zone is considered prior to
implementing any particular management opproach.

@ Consideration must always be given to both long term “average” and short term extreme weather and sea
condilions to determine the life expactancy of any operations.

@ Considerafion must be given to the consequences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, detariaration of the landscape, stc.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, hird nesting ond migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ All site stoff must be made aware of the need for careful working practises ta avoid anvironmental damage,

and to avoid hazards associated with steep and unstable dune faces.



Temporary or permanent manogement access routes to the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damage 1o the dunes and to limit the farmation of
blowouts. Boardwalks or other temparary surfaces should be laid and should follow the natural contours of
the dunes rather than culting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent to the track.

Public access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead to blowouts.

Educational displays at backshore car parking areas or afong footpaths should be used to explain
management schemes and encourage public inferest and support for the management objectives.

Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazards associated with the management schemes (gaps in rock struciures, slippery
algal growth, buried defences, submerged structures, mud deposits, etc]

Post project monitoring should be underiaken ot least bi-annually to assess the bsach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines,

In addition fo these general guidelines, the following are of specific imporiance to beach nourishment:

Large scale nourishment schemes should be designed by a competent coastal consultant following preliminary
shoreline manegement studies and detailed consideration of all ofher options.

Further guidance on beach nourishment is available from the CIRIA “Beach Management Manual”.

Careful consideration must be given to the long-term management commitment required to establish and
maintain an adequate level of arasion protection. Future funding of menitoring and regular top-ups should be
agreed before considering this option.

Beaches formed of dredged shingle may erode back to form small “cliffs” at the limit of wave uprush. These
can be hazardous to beach users and should be regroded on popular public beaches.

Nourishment may smother intertidal benthic communities, disrupting the local ecology. Obvious consequences
will include the temparary loss of feeding grounds for waders. Careful consideration must be given to this
potential impact.

Fine silis imported with the nourishment material will be gradually washed out, potentially causing shortterm
dumage to nearshaore fisheries and benthic communities. Again, careful consideration must be given to this
impaet and particularly to the fiming of works in relafion to fisheries.

Nourishment sites should be monitored before and after operations to determine the impact ond success.
Profiles should be repeated at least twice o year along fixed crossshore lines.

Sand deposits will be subject to wind erosion and redistribufion, so should be stabilised by transplanting and
fencing. Failure to stabilise the foredunes may result in problems over wind blown sand across the backshore.
Rock or timber revetments can be buried with sand or shingle, but gabions and sand bags should only be
buried by sand to aveid abrasion damage. Burial should be accompanied by fencing and transplanting to

encourage stable new foredunes to develop.




Summary 8: GABION REVETMENTS

APPROPRIATE LOCATIONS | Sandy beach siles suffering periodic moderale to severe erosion where backshore
assets are ot risk. Useful for estuary bank protection.

COSTS Meoderate, but require mainienance [E5000-£50,000/100m of frontege, plus

minar works and maintenance),

EFFECTIVENESS Well placed gabions provide reasonable fixed defences, but have a limited life of
5-10 years due to deterioration of the baskeis.

BENEFITS Useful solution where armour rock is considered inaparopriate ar too ceslly.
Various forms available. Can be buried by sand and vegetalion. Permecble face
absorbs wave energy and encourages upper beach stability.

PROBLEMS Limited life, leading 1o unsightly and hazardous wire baskets along beach and the
release of nenindigenous cobbles to the beach system. Wire affected by

saliwaler, vandalism and abrasion by rampling or grove! beach impacis.

General description

Gabions are wire mesh baskets filled with cobbles or crushad rock. They ore filled insitu, often with locally
available material and therefore have a relatively low copital cast. Because they are flexible and porous they
can absork some wave and wind energy, thereby reducing the scour problems ossociated with impermaable
sea defences such as concrete seawalls. Gabions can be placed as sloping “matiresses” or as near vertical

cubic baskets. The later are intended for bank or cliff stabilisation and are not normally svitable for use in

shoreline situalions.

Gabion revetments
{foregound) are
generally preferred lo
gabian walls

74 (bockground) in
coostol environments
being less reflective of
wave energy ond more
stoblz. Blown sand is
also better able to
accumulale on
revetments, polenfially
scfiening their

appeorance.

Funciion

The purpese of a gabion revetment is to provide shart lerm {5-10 yeors) profection from backshore erosion by
absarhing wave energy along the dune face. Their applicaticn is restricted 1o the upper part of sandy beaches,
since they ore not sufficiently durable to withstand regular direct wave action. They should not be installed on
shingle beaches because wear and tear will rapidly cause damage 1o the baskeis. As they are parous
structures they will tend to trap wind blown sand and allow the growih of vegetation under favourable
conditions. This only applies to sloping siructures: steep walls of cubic baskels will not attract sand or ollow dune

vegetalicn regrowth.

Gabions provide o short term alternative to rock armour structures in areas where large rocks are not available at an

acceptable cost, or where long term protection is not appropriate.




Dune face regraded to \
provide a stable base % .~

Gabions can be buried with recycled or imported
sand. Planting, fencing and thatching will
enceurage dune development.

Damaged gabions
forming o public sofety
hazard and releasing
non-indigenous cobbles

onta the beach.

Minimum 1m above maximum wave run-up level
v

1.5-2
\ 1 Sloping gabion baskets filled and placed
to manufacturers specifications

y

Normal limit of
wave run-up
-

L Bury toe to at least 1m
below lowest expected beach
level

Geotextile

Cross section of gabion revetment

Methods
Small gabion structures can be designed and buili by voiunteer groups, but larger schemes should make use of

o competent coastal consultani and confractors.

The menufacturers recommendations should be followed as regards basket materials, methods of filling, lacing
up of individual panels and the placement of spocer wires needed to maintain panel shape. The need for
careful hand packing connot be over emphasised. Poorly packed gabions will be rapidly domaged due to

abrosion caused by movement of the stone.

Gabions used in lower energy or estuary siluations can use PYC coated wire. Under more active condifions the
coaling is soon cracked, becoming relatively useless in preventing corrosion. In genegral galvanised wire of a
larger diometer will provide befier service than finer non-galvanised wire with a PYC coating.

The use of angular stone is not recommended as once the cages are broken the stones will be dispersed rapidly

creating an unnaiural beach. Maobile rocks on the beach may accelsrate demoge to adjacent gabion baskets.

Gabions should be placad as a sloping revetment as shown in the figures. Near verfical gobion walls are more

likely to suffer toe scour and structural collopse as they are less able fo dissipate wave energy during storm
wave aftack. They are also much more obtrusive te the dune landscape and will not become buried by new

foredunes.




The figure provides some guidance for structure design, but this should be reviewed for each site. Structure face
slopes are a compromise between Hatter faces that absorb more wave energy, and therefore subfer less toe
scour, and steeper faces that give the structure a smaller footprint. A slope of 1:2 is a reasonable compromise,

and is in keeping with natural dune slopes.

The approximote limits of wave run-up can be estoblished by observing and recording the location of the sirand
line aver Spring tide periods during both winter storms and more normal wave conditions. The lce of a freshly
eroded dune face is normally just below the run-up limit of the most recent severe seq.

During placement, regrading of the beach/dunes may have to be carried out so as to adequately bed the
baskets. A suitable geotexiile should be used ta prevent the underlying sand from being washed out through
the gabicns. Manufacturer recommendations should be followed as regards appropriale materials and
installation methods. Edge defails should be carefully addressed to prevent exposure of unsightly lengths of
textile. Landward edges can be buried to fix the geotextile during gabion placement and filling. Seaward

edges should be immed or firmly secured.

Small schemes can be undertaken by hand, apart farm the trensport and delivery of rock. Larger schemes will
need heavy equipment fo regrade the dune face, excavate trenches for the foundcfion layer of baskets and
transport rock from stock piles 1o the baskels. Even on lorge schemes baskets must be hand pecked to ensure

minimum postfill movement and setilement.

Burial with recycled send, combined with vegetation transplanting, thatching and/or fencing (Summaries 2 to 5)
can enhance the recovery of the dunes over the gabions. Buried revetments provide a final line of starm

protectian, while allowing a natural dune/beach system to develop under less extreme conditions.

As with all engineered shoreline structures, gobion revetments are likely to suffer from local scour and possible
aulflanking af the junciion between struciure and adjacent unprotecied dune face. This problem can be
minimised by furning the revetment face back into the dunes and burying the end into the dune face. This
feothered end may extend alongshore over 20m-40m and may end 5m-10m landward of the main structure
face. These dimensions will depend on the expecied role of short and long term eresion. If erosion is likely to
average more than about Tm per yeor then gabions may well be inappropriate for defence.

Regular basket maintenance is required 1o maximise the life of gabions. Severely damaged baskets should be
refilled and closed with new mesh panels. Replacement mesh should be laid over the entire structure if cbrasion
ar corrosion is widespreud. Under exposed conditions a maximum life of 10 yaars should be unﬁcipa!ed, after

which time a replacement struciure may be required.

Schemes are best implemented in the spring and early summer when work windows are least restricted and the

shoreline has the greatest chance to stabilise before winter storms start o erode the upper beoch.

Caosts for gabion schemes depend on required dimensions, labour, availability of fill meterial, fransport methads
and the amount of minor works required tc enhance the dune system. Small schemes vsing volunteer labour
and locaily available fill meterial may cost as lilile as £5,000/100m frontage. Large gobion revetments built
by contractors may have an initial cost of £500,000/km, plus minor ongoing management works such as
recycling 1o bury the gabions or other works to enhance the dune system. Economic analysis should anticipate
no more thon a 10 year life expeciancy.

Impacts
Gabions become unsightly and dangerous if they are damaged and not properly repaired. Released cobbles
are not a problem to coastal processes, but can detract from the general dune/beach environment and may

cccelerate damage to udiucent baskets.

Exposed gabions tend to trap strond line debris. As with all fixed dune defences the gabions will interfere with
the notural dynomic interchange of matericl between beach and dune. They will also influence the longshore
transfer of sand, modify dune habitats, disrupt the natural landform and potentially result in localised dune face

scour at their terminal ends.

Verlical gabion walls are more prone to structural failure and outflanking, more inlrusive on the landscape and

are much less likely to become buried by new foredunes relative 1o sloping gabion revetments.



Best practice and environmental opportunities

Sloping gabions can provide good erosion protection for periods up to 10 years {longer if normally buried).
They are often more acceplable and less costly than rock armour. When carefully built and ploced they can
blend into the dune landscape, and are only exposed during eroding storms. They are best used in areas
where episcdic erosion iakes place and where naturcl burial by new foredunes is pessible under favourakle
conditions. Their applicability in areas subject fo persistent erosion is limited to temporary protection. Removal

of temporary struciures is more difficult with gabions than with sand bag, rock or fimber structures. Recycling,

fencing ond transplanting will encourage growth of new foredunes over buried structures.

Gabion revetments
may permit sand
accumulation and dune

grass growth,

Embryo dune fermation
upan a sloping gahion
revetment (hidden). The
dune slope above the
gabion wall has been
reprofiled and
replanted with marram

grass.

All dune management schemes should observe the following guidelines fo maximise the probability of success
ond minimise impacts on the natural ond human environment:

@ Each dvne erosion site must be considered independently, with management approaches tailored to the
specific site.

@ A policy of “Adaptive management” {Summary 1) should be considered for all sites before other options are
ossessed.

® Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and a reasonahble undersianding of the physical and natural environment has
been established. Hasty responses ta erosion may prove to be either unnecessary or damaging.

@ No work of a permanent nature should be undertaken unless important immovable or irrepluceable backshore

assets are at risk.




@ Locaol interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that o broad view of the shoreline ond nearshere zane is considered prior to
implementing any particular management approach.

® Considerafion must always be given to both long term “average” and short term extreme weather and sea
conditions to determine the life expectancy of any operations.

@ Considerafion must be given to the consequences of failure, such as construction debris spread along the
beach, public satety hazards, loss of amenity access, deteriaration of the landscape, ete.

® Work should be planned and scheduled to limit domage to fragile ecosystems and fo recreation.
Consideration should be given to vegetation, bird nesting and migration, infertidal invertebrates, fisheries,
public access, noise levels and public safeaty.

@ All site staff must be made aware of the need for careful working practises fo aveid environmental damage,
and to avoid hazards associated with sfeep and unsiable dune faces,

@ Temporary or permanent management access routes lo the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damage 1o the dunes and te limit the formation of
blowouts. Boardwalks or other temperary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used ta stabilise
sand adjacent to the track,

o Public occess routes fo the beach should be clearly laid out and fenced where necessary to prevent irampling
that may lead to blowouts,

@ Educational displays at backshore cor parking areas or aleng footpaths should be used to explain
management schemes and encourage public interest and support for the management cbijectives.

® Warning signs should be set up highlighting the dangers of unstable dune faces, any construction wark in
progress or any ather hazards associated with the management schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged struciures, mud deposils, etc)

@ Post project monitoring should be undertaken at least bi-annuclly te assess the beach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitering guidelines.

n addifion to these general guidelines, the following are of specific importance to gabion revetments:

@ Sloping gabion reveiments are almost always preferable to near vertical struciures. They are hydraulically
mora efficient, more likely to be buried by sand and re-vegetated io form new foredunes. They are less
intrusive on the landscape and provide less of a public safety hazard when used as a beach access route.

@ Safe public aceess routes should be provided across the gabians, using fimber ar concrete steps connected to

78 controlled paths through the dune system. This will reduce damage to baskets.

@ The beach-structurs interface should be kept as high up the foreshore as possible, preferably above the
normel wave run up limit so that the gabions are only influential during starms. IF necessary the existing dune
face should be cut back and regraded to ensure that waves do not nermally reach the gabions.

@ Where possible recycling, fencing and transplanting should be undertaken to establish a new line of foredunes
over the gabions. Burial will increase gabien life, while the new dunes will enhance the coasial landscape,
provide additional erosion protection and re-establish & natural succession of dune habitats from the shoreline
to the backshore.

® Near vertical structures are 1o be avaided, but may afford very short term headland protection to @ valuable
backshore asset while alternative management options are planned and implemented. They have the
advantage of limiting the structure faotprint,

@ Inspactions should be repeated of least bi-annually, preferably at times when beach levels are low.

Maintenance work should he completed as soon as domage is observed.




Summary 9: ARTIFICIAL HEADLANDS

APPROPRIATE LOCATIONS | Rapidly eroding dunes with important backshore assets at discrete intervals
along the shore.

COSTS Maderole, but low mainlenance [£20,000-£40,000/100m of siructure, plus
minor works for unprotecied frontages|.

EFFECTIVENESS Goed temporary or long term protection for protected length. Allows natural
processes to continue elsewhere. Can be used with other low cost methods.
Unlimited structure life fer rock headlands.

BENEFITS Provides locel protection with minimum disturbance to dune system os o whole.
Can be modified ar removed o later date.

PROBLEMS Visually intrusive. Do not conirol erosion aleng the whele frontage. Structures
may interfere with longshore franspari, parliculorly en sand-gravel beaches, and

may require periedic extension or relocation landward to avoid outflanking.

General description

Artificial headlands are rock structures built along the toe of ereding dunes to protect strategic points, allowing
natural processes to continue along the remaining frontage. This is significantly cheaper than proteciing @
whole frontage cnd con provide temporary or long term profection to specific assets ot risk. Temporary

headlands can he formed of gabions or sand bags, but life expectancy will normally be between 1 and 5

years.

Rack headland
proteciing @ golf

course tee.

Function

Artificial headlands stabilise discrete lengths of the dune face while allowing she intervening stretches o erode
naturally, forming an increasingly embayed shoreline. As the shoreline becomes more indented so the wave
energy will be dissipated over a longer frontage and ullimately a more stable plan shape can develop.
Stability will depend on the lengih and spacing of the headlands. Short structures with long gaps will provide
local protection but may not allow a stoble planshape 1o develop. If ongoing erosion is severe the headlands
may need to be extended or relacated to prevent outflanking or structural failure, although they will continue to

provide same protection as nearshare breakwaters (Summaory 11).

The embayments between headlands will not become independent units as sand will be transported by wind,
waves and currenls along the lower foreshore to seaward of the siructures. If gravel is present the headlands
may restrict longshore movement along the upper beach; this con be useful to control losses if renourishment or

recycling is undertaken.
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80 Methods
Small rock headland schemes can be implemented without specialist assistance, but normally the services of a
competent coastal consuliant and contractors are required. [nformation on the design of rock struciures is
available from the CIRIA/CUR “"Manual en the use of rock in coastal and shoreline engineering”. The
accompanying figures provide inffial guidance but this should be confirmed for each site. Temparary structures
can also be formed using sand bags (Summaory 6] or gabions (Summary 8}, although gabions can be more

difficult to remove or relacate than rock.

As with all rock structures on the shoreline the rock size, face slopes, crest elevation and crest widih must be
designed with care. Rock size is dependent on incident wave height, period and direction, structure slope,
veceptance of risk, cross-sectional design, and the availability/cost of armour rack from quarries. In general 1-
3 tonne rack will suffice, provided that it is placed as at least o double layer, with @ 1:1.5 10 1:2.5 face slope,
and there is an acceptance of some risk of failure. Rock size may need fo increase if the toe is within the zone

of regular wave action,

Randomly dumped rack with & high void to solid ratio is hydraulically more efficient than placed and packed
rock. However, rock structures on recreational beaches should be built with a view to minimising the potential

for accidents involving beach users slipping between rocks.

The structure should be constructed within a shallow trench and a geotextile filter should be laid under the rocks
fo prevent the migration of sand upwards and the settlement of the rocks into the beach. The geotextile should
be wrapped around the base layer of rocks, and the rock toe should be set below the lowest expecied beach
level.

Concrefe armour units of various types can be used instend of rock, but are normally considerably more
expensive and may be considered much more visually obtrusive. The potentially greater hydraulic efficiency

offered by some types of concreie units is of little impertance to a dune defence structure.




Gabians forming an
orfificial headland and
prolecting outfall
headworks. The
gahions have been
extended landward to

prevent aulflanking.

Headlands should be built just seaward of the dune toe, rather than as a reveiment. Increasing the distanca
down the beach will allow the prolected dunes lo retain some of their natural dynamics and appearance, and
will create o more embayed shoreling, with wave energy being dissipated over a longer frontage. However i
the distance is too great the siructure may be ouiflanked, effeciively forming o detached breakwater and
allowing the pratecied duae foce to be subject o erosion once more.

The approximate limits of wave run-up can be established by chserving and recording the locatian of the strand
line over Spring fide periods during both winter siorms and more normal wave conditions. The toe of o freshly
eroded dune face is normally just below the run-up limit of the most recent severe sea.

The lengih of the siruciure must be sulficient to protect the backshore assels at risk while adjacent dunes
continue lo be eroded. The structure ends must return fo the erading face, and may need extending from time to
time to prevent outflanking. These end extensians can often be lower than the main structure face s they will
ke subject to less wave atiack. By keeping the crests low there will be a greater opportunity for wind blown
sand to reach the dune foce.

Structures can be buil to protect 6 single location, such as an cuffall or important building, or as part of o series
of headlands intended to create an embayed shoreline. Single structures may well need regular extensions to
prevent oufflanking if erosion of adjocent beaches is severe. Clasely spaced headlands can be designed and
managed to develop a stable, embayed shoreline, but each site must be considered separately by specialist

consulfants if a successful scheme is to be developed.

The area behind the structure can be vegetaled, thatched, fenced or replenished with recycled sand {Summaries
2, 3, 4 and 5] to stabilise the dunes, and possibly encourage regeneration. This is only possible if the structure
is built forward of the dune toe. IF the structure is built against the dune foce as o short length of revetment, the
dunes will be less likely to grow forward and more erosion will occur before the adjacent shorelines begin to
stabilise 1o o new plan shape.

Consiruction costs are mainly dependent on structure dimensions, but can be heavily influenced by the
availability of suitable rock [or other material), transport and the ossociated costs of recycling or nourishment.
Rock siruciures con be assumed to have an unlimited life with respect to economic assessments, although the
benefits may be only shart to medium term.

Impacts

Even though this form of defence is intended 1o give only partial protection to the dunes the impacis on shoreline

precesses and landscape will siill be high, and may be unacceplable in envirenmenially sensitive areas.
Erosion may well continue along the unprotected frontages, and, without ongoing managemeni, the structures 81
may be outilanked allowing erosion of the protected frontage as well.

On frontages affected by longshore transpart the headlands may reduce drift rates, resulting in the erosion of
downdrift siretches of coast, but helping fo stabilise the updrifi shore. As with dll fixed dune defences, the
headlands will interfere with the natural dynamic interchange of material between beach and dune. They will

also influence the longshore transfer of sand, madify dune habitats, disrupt the natural landform and potenticily

result in localised dune foce scour at their terminal ends.




Best practice and environmental opportunities

Headlands can provide good protection to discrete poinis along the shoreline, either tempararily or over longer
periods. They can also be used io transform a length of eroding dunes into a shereline of small bays and
headlands, in which part of the dune system is maintained as a dynamic syslem, while other lengths are
artificially fixed. The widh of the upper beach in the centre of the embayments may increase, providing
impraved recreation. The dune feces in the les of the hecdlonds may redevelop as blown sand can pass

around the structures.

Temporary structures can be remaved when no longer required, with lifile lasting demage to the dune system as
a whole. Sandbags siructures are the easiest to remove, buf rock siructures can also be faken away for re-use

elsewhere.

All dune management schemes should observe the following guidelines to moximise the probability of success

and minimise impacis an the natural and human environment:

© Each dune erosion site must be considered independently, with management appranches tailored to the
specific site.

@ A policy of "Adaptive management” {Summary 1) should be considered for all sites before other options are
assessed.

@  Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitered over several years and o reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

@ No work of o permanent nature should be undertaken unless important immovable or irreplacsable backshore
assels are at risk.

@ Llocal interest groups, such as landowners, noture trusts, fishing associations and recreational users, should be
consulted early ta ensure that a bread view of the shoreline and nearshore zone is considered prior to
implementing any particular management approach.

@ Consideration must olways be given to both long ferm “average” and short term extreme weather and sea
candifions ta determine the life expeciancy of any operations,

© Consideratian must be given to the consequences of failure, such os construction debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, ete.

& Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting ond migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ Al site staff must be made oware of the need for careful working practises to aveid environmental damage,
and to aveid hazards associated with steep and unstable dune faces.

© Temporary or permanent management access routes fo the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damoge to the dunes and to [imit the formation of
blowauts. Boardwalks or other temparary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjucent to the track.

@ Public access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead to blowouts.

® Educational displays at backshore car porking arens or along footpaths should be used to explain
management schemes and encourage public interest and support for the management objectives.

@ Warning signs should be set up highlighting the dangers of unstable dune faces, any construction wark in
progress or any other hazards associated with the management schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged siructures, mud deposits, etc)

@ Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relafive Io the objectives. Appendix 2 of this guide provides monitaring guidelines.



In addition to these general guidelines, the following are of specific imporlance to artificial headlands:

Further guidance on the design of rock structures is available from the CIRIA/CUR “"Manual on the use of rock
in coastal and shoreline engineering”.

Where possible recycling, fencing and transplanting should be undertaken to establish a new line of foredunes
behind the headlands and afong the unprotectad upper beach. These dunes will enhance the coastal
landscaps, provide additional erosion protection and re-establish a natural succession of dune hobitats from
the shereline to the hackshore.

Headland ends should be extended alongshore and landwards to avoid outflanking if the adjocent dunes
erode rapidly. Other structure dimensions, such as crest elevaiion, can also be modified if monitoring
indicates that the initial layout is not achieving the required objectives. Any observed storm damage, such as
displaced rocks, should be rectified during maintenance operations.

The use of local rock should not be a requirement of design unless there are genuine landscape
considerations, such os adjocent rocky outcrops; even in this instance local rock should only be used ifit is
readily available in the size range required and is a sound material for coastal construction.

The use of builder’s rubble is unlikely to ever be appropriote for dune management. Most material is oo small
to be effective and will be drawn down the beach during any significant storm. The rubble may contain
material that is either hazardous to beach vsers, toxic or simply unattractive. large concrete slabs may be
accepiable from an engineering perspective but are unlikely to meet appraval with respect to their landscape

impact ar their safety for use in a public area.




Summary 10: ARTIFICIAL REEFS

APPROPRIATE LOCATIONS | Exposed dunes of high ecological and londscape value.

COSTS Moderate to high, and may need some shareline maintenance {£20,600 to
£60,000/100m of struciure, plus minor works for unproiected creas|.

EFFECTIVENESS Causes |=e side accrelion, but least effeclive during storm surge canditions.
Unlimited structure life.

BENEFITS Nalural processes are only porily disrupted, allowing dunes to stabilise. Rocks
create new infertidal habitat.

PROBLEMS May couse navigalion hazard. Visually infrusive ot low tide. Disrupt amenity use
of beoch.

General description

Artificial reefs are shore parallel rack mound structures set part way down the beach face. They may be long
single structures or form a series of reefs extending for some distance alongshore. They are distinguished from
Nearshore Breakwaters [Summary 11} by being submerged for ot least part of the tidal cycle, and are therefore
less intrusive on the coastal |undscape, have less impact on upper beach ]ongsh.ore processes and odd ¢ new

intertidal habitat 1o sandy foreshores,

Function

Reefs dissipate part of the incident wove energy before it reaches the dune face, protecting the upper beach
from erosion and encouraging depasition. Long struciures (sills] reduce wave energy over an extended
frontage, resulfing in a more stable upper beach and dune face. Shorter, segmented reefs protect short lengths
of the shore, allowing erosion 1o continue slsewhere. The result is an embayed shoreline with upper beach
deposits (salients) forming behind the reels.

Salients will allow new foredunes to develop, but this accretion may be at the expense of continued erosion
elsewhere. Recycling or nourishment, followed by fencing, thatching and transplaniing may address this
problem, and will enhance the rate of dune-beach recovery. Reefs have less impact on vpper beoch transport
processes than nearshore breukwaiers, and can be used on open beaches. In parlicu|0r, tombolos will not form
behind low level reefs, but can form with higher breakwolers; tomboles would significently disrupt longshore

drift, potentially cousing downdrift erosion.

84 Reefs are of litile use within estuaries where currents, rather than waves, are the main erosive force.

Methods

Small resf schemes can be implemented without speciclist assistance, bul normally the services of o compelent
coastal consultant and conlractors ore required. Information on the design of rock structures is availoble from
the CIRIA/CUR “Manual on the use of rock in coastal and shoreline engineering”. The accompanying figures

provide initial guidance but this should be confirmed for 2ach site.

As with all rock structures on the shoreline the rock size, face slopes, crest elevation and crest width must be
designed with care. Rock size is dependent on incident wave height, period ond direction, structure slope,
acceplance of risk, cross-sectional design, and the availability/cost of armour rock from quarries. In general 3-
& tonne rock will suffice, provided that it is placed as at least a double layer, with @ 1:1.5 to 1:2.5 face slope,
and there is an acceptance of some risk of failure. This assumes a structure location close 1o the mid-ide level of
the beach. Rock size or side slopes may need to increase if the reefs ore built further dawn the beach face

where wave aclion is stronger.

Randomly dumped rack with a high void te solid ratio is hydraulically more efficient than placed and packed
rock. However, rock struclures on recreational beaches should be built with a view to minimising the potential

for accidents involving beach users slipping berween rocks.

The structures shauld be constructed within a shallow trench and a geotextile filter should be loid under the
rocks to preveni the migration of sand upwards and the setilement of the rocks inta the beach. The geoiextile
should be wrapped aoround the base layer cf rocks, and the rock toe should be set below the lowest expected
beach level.

The crest elevation will have a major impact an the extent of wave energy dissipation. Some erosion protection
will be achieved if the crest is as much as 2m below the water level during storms. Energy dissipotion witl

increcse as the crest rises up, unfil the point at which the structure is rarely submerged. An elevalion close to the




New foredunes
{enhanced by recycling,
transplanting and fencing) Crest at least

2 units wide

- e b
Initial ~~ T / MSL or above
beach profile Increased upper A e Sy v
beach tevels due to
proteclion of reef

3-6 tonne armour rock
over geotextile filler

Reef cross-section

Eroding
bay

Prolecled
headland

Potantial
foredunes

Arlificial reef

Mid tide level =
Gap Isngth sel by Z or above A
e ){.\5{' Jupte required planshape of 2 g e — Tt
£ b SN shareline. widhd ;

40m-80m length

Planview of a series of reefs

mean high tide level should be acceptable as a first epproximation. A crest much above this level effectively
converis a reef fo o detached breakwater, intraducing the potential for the formation of harmful tombolos and

disruption te longshare processes.

Wave energy dissipation will increase with crest width, but significant dissipation is not achieved until the width
equals cbaut half of the wave period [say 30m - 50m). Widths of this magnitude are simply not practical, so
structure crests are usually restricted to 2-3 rock diameters.

Reefs may actually increase shoreline problems if they are used in areas subject 1o sirong nearshore tidal
currents. Scour along the seoward face and around the ends of reefs should be monitored, and structure

maintenance undertaken prior ta failure where beach levels drop.

The ends of each reef should be formed into a roundhead with shaliower side slopes, particularly along the
landward face. The roundhead reduces the tendency for local scour and improves the stability of the structure.

Concrete armour unils of various types can be used instead of rock, but are normally considerably more
expensive. The potentially greater hydraulic efficiency of some units is of no importance to dune defence

structures and the units ore normally considered fo be more unafiraclive than rock armour.

There is Jitlle guidance available for the length and spacing of reefs. Numerical modelling should be
undertaken by a compeient coastal consuliant during preliminary studies. Longer or higher struciures will
pravide greater protection but will also increase potential long shore impacts. Wider gaps will allow grester
shoreline erosion, which may threaten assets. Struciure dimensions can vary along the length of a scheme 1o

provide varying levels of backshore protection,

The area behind the structures can be built up by recycling or nourishment {Summaries 5 and 7), and then
grassed, thatched and fencad [Summaries 2, 3, and 4] 1o stabilise the dunes and possibly encourage
regeneration.




Costs for reef schemes depend on structure dimensions and spacings. They can be heavily influenced by the
availability of svitoble rock {or other material), transport and the costs of any recycling or nourishment. Wark
windows are limited to low tide periods and may be influenced by stermy seos. Rock struciures can be assumed

to have an unlimited life with respect to economic assessments.

Impacts

Even though this form of dafence is intended fa give only partial profection to the shoreline the impacts on
shoreline processes, interfidal habitats and londscape will siill be high, and may be unacceptabie in
environmentally sensitive areas. Erosion in the lee of the gops may well continue for several years ofter
construclion while a new beach planshape develops. Long, sill type, reefs with no gaps may suffer from e build

up of fine sediment, seaweed or other debris along the inshore side - gaps provide o flushing mechanism,

As the siructures are separaied from the shore as the fide rises, and then become submerged, they are
potentially hazardous to anyone using them as a perch. Rocks below the level of Spring fides will tend te be

covered with marine growth including slippery olgae, ogain forming a public hazard.

The submerged reefs will form a hazard for water sports and navigation, and must be clearly marked with
appropriate beacons. Wave induced currents around the ends of reefs can be locally strong and o danger ta

swimmers.

Best practice and environmental opportunities
The width af the upper beach along the embayed shoreline may increase, providing improved recreation. New
faredunes may develop in the lee of the reefs. The slructures allow natural beach-dune processes to conlinue,

albeit along a modified shoreline.

The reefs will form o new intertidal habitat, bringing rocky shore communities 1o @ sandy beach. The structures
may well prove to be popular with beach users.

All dune manogement schemes should observe the following guidelines to maximisa the probability of success

and minimise impacts an the natura! and human environment:

@ Each dune erosion site must be considered independently, with management approaches tailored to the
specific site.

® A policy of “Adaptive management” (Summary 1) should be considered for all sites before other options are
assessed.

©  Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and a reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

@ No work of a permanent nature should be undertaken unless important immovable or irreplaceable backshore
asseis are at risk.

@ Local interest groups, such as landowners, nature trusts, fishing associalions and recreational users, should be
consulted early to ensure that o broad view of the shoreline and nearshore zone is considered prior to
implementing any particular manogement approach.

@ Consideration must always be given to both long term “average” and short term extreme weather and sea
condilions to determine the life expectancy of any eperations,

@ Consideration must be given to the consequences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, deferioration of the landscape, etc.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and o recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safary.

@ All site staff must be made aware of the need far careful working praciises to avoid environmental damage,
and to aveid hazards associated with steep and unsiable dune faces.

@ Temporary or permanent management access routes to the dune face for materials, equipment and labour
must be planned and consiructed to minimise trampling damage to the dunes and to limit the formation of
blowouts. Boardwalks or other temporary surfoces should be laid and should fallow the natural contours of
the dunes rather than culting straight lines suscepfible to wind erosion. Fencing should be used to stabilise
sand adjacent to the track.

@ FPublic access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling

that may lead to blowouts.



Educational displays ot backshore car parking areas or along footpaths should be used to explain
management schemes and encouroge public interest and support for the managemeni objectives.

Warning signs should be set up highlighting the dangers of unsiable dune faces, any construction work in
progress or any ofher hazards assacioted with the management schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposis, etc}

Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines.

[n additicn to these general guidelines, the following are of specilic imporlance to orfificial reefs:

Further guidance on the design of rock structures is available from the CIRIA/CUR “Manual on the use of rock
in coastal and shoreline engineering” and from the CIRIA “Beach management manual”.

Reef construction may need to be accompanied by an ongoing programme of beach recycling or nourishment
to ensure thai sediment redistribution is not unduly damaging ta unprotected fronfages. Regular monitering
and management are required to establish a successful scheme. Monitoring must include adjacent sharelines
as well os those immediately within the reef scheme.

Manitoring should also record any scour around the structures that may indicate potential for structural failure
or the presence of strong local currents that may be a hazard to beach users.

Siructures should be kept to @ minimum size to reduce visual impact. Structure dimensions can be modified if
manitoring indicates that the initial layout is not achieving the required objectives. Any chserved siorm
damage, such as displaced rocks, should be rectified during maintenance operations.

Where possible recycling, fencing and transplonting should be undertaken to establish a new line of faredunes
in the lee of the reefs. These dunes will improve the coastal landscape, provide additional erosion prateciion
and re-establish a natural succession of dune habitats from the shoreline to the backshare.

As reefs are submerged over part of the tidal cycle they will need to be marked by navigation beacens and
their positions recorded with the Hydrographic Office.

The use of local rock should not be a requirement of design unless thers are genuine landscape
considerations, such as adjacent rocky outcrops; even in this instance local rock should only be used if it is
readily available in the size range required and is a sound material for coastal construction.

The use of builder’s rubble is unlikely 1o ever be appropriate for dune monagement. Most moterial is foo small
to be effective and will be drawn down the beach during any significant storm. The rubble may contain
moterial that is either hozardous to beach users, toxic or simply unottractive, Large concrete slubs may be
acceptable from an engineering perspective bui are unlikely to meet opproval with respect 1o their landscape

impact or their safety for use in a public area.




Summary 11: NEARSHORE BREAKWATERS

APPROPRIATE LOCATIONS | High value frontages with low rales of longshare iransport, and weak necrshore
tidal currents.

COSTS High, but low mainienance {£40,000-£100,000/100m of structure, plus minor
works for unprolected)

EFFECTIVENESS Cause lee side accrelion and erosion behind gaps. Offers good protection within
enclosed bays, but potenlially damaging to open coasts.

BENEFITS Dunes not directly disturbed, increases area of dry upper beach, may allow new
foredunss to stabilise. Unlimited structure life.

PROBLEMS Visudlly intrusive, alter upper beach marphology, may couse fine sediment,
seaweed or debris to accumulale along upper beach. Can cause lacally sirong

currents and may be a hazard to beach users.

General description

Nearshore breakwaters are segmented, shore parallel siructures built along the upper beach at approximately
high water mark. They are normally built of rock, but can be formed of concrete armour units. At maximum tide
levels their crests ore sfill visible, bui they mey be separcied from the shoreline. The gaps allow some wave

energy to reach the upper beach and even the dune face.

These structures are distinguished from Artificiol Reefs [Summary 10]) that are built further down the foreshare

and are submerged at high tide,

Nearshore
breakwaters an the
upper foreshore in the
Dornoch Firth, shartly
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relative stability of
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Function

Breakwaters reduce the energy of waves reaching the shoreline, but do not completely isalate dunes fram the
naturel beach processes. The structures act as a direct barrier to waves, but at very high water levels they aliow
some overlopping. The gaps between segmented skructures allow some wave energy to reach the upper beach
ond dune face, but this is dissipated by refraction and diffraction. Erosion may continue in the lee of the gaps
leading 1o formation of an embayed shoreline as sand moves into the shelter of the structures.

Sand build up in the lee of the structures {salients) may grow seawards sufficiently 1o connect with the structure,
forming a “tombalo”. 1Fthe salient is stable, new foredunes may develop. Recycling or nourishment foilowed

by fencing, thatching and transplanting may be used to accelercte formation of slable salients and dunes.

Breakwalers can have a sirong influence on longshore drift and should not normally be vsed on long expanses
of open coast or within estuaries if strong wave or fidally induced currents are presenl. Breakwaters can cause

downdrift erosion or result in dangerous conditions for beach uvsers.

Nearshore breakwalers are distinct from the much larger “deiached”, “offshore” or "island” breakwaters that
are olso not submerged of high tide but are built further down the foreshore or even beyond the low water
mark. These alternative forms are generally regorded as inappropriate for most UK coastal situations as they
are extremely intrusive on the landscape, expensive fo build and are very difficult to design with any degree of
confidence regarding their long term effect on the local and adjacent shorelines.
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Methods

Breakwaler schemes can have a significant impact on the shoreline and should not be implemented without
specialist assistance from a competent coastal consultant and contraclors. Information on the design of rock
structures is availoble from the CIRIA/CUR “Manual on the use of rack in coastal and shoreline engineering”.

The accompanying figures provide initial guidance but this should be confirmed far each site.

As with all rack structures on the shoreline the rock size, face slopes, crest elevation and crest width must be
designed with care. Rock size is dependent on incident wave height, period and direction, structure slope,
acceplance of risk, cross-sectional design, and the availability/cost of armour rock from quarries. In general 3-
4 fonne rock will suffice, provided that it is placed as at least a double layer, with a 1:1.5 10 1:2.5 face slope,
and there is an acceplance of some risk of failure. Rock size may need to increcse if the struclures are buili

further down the beach foce where wave acfion is sironger.

Randomly dumped rock with @ high void to solid ratia is hydraulically more efficient than placed and packed
rack. However, rock structures on recreational beaches should be buill with @ view to minimising the potential

for accidents invalving beach users slipping between rocks.

The structures should be constructed within a shallow irench and a geotextile filter should be laid under the
rocks 1o prevent the migration of sand upwards and the setlement of the rocks into the beach. The geotextile
should be wrapped around the base layer of rocks, and the rock toe should be set below the lowest expected

beach lavel.

The ends of each breakwater should be farmed inte a roundhead with shallower side slopes, particularly along
the landward face. The roundhead reduces the tendency for local scour and improves the stability of the

struciure and the units are normally considered to be mare unaitraciive than rock armour.

Concrete armour units of various types can be used instead of rock, but are normally considerably more
expensive. The polentially greater hydraulic efficiency of the units is of no importance to a dune defence

structure and the unils are normally considered to be more unattractive than rack armour.

There is litile guidance available for the length, gap widths, crest heights or distance alfshore. Numerical
modelling by competent coastal consultants should be undertaken during preliminary studies. As a rough guide
gaps should be about half of the struciure length and the length should be about equal to the distance from the
initic| shoreline. As the gaps widen there will be more movement of sand from the bays 1o the salients. Provided
thai no backshore assets are al risk this process can conlinue unfil tombolos form in the area protected by the
breakwaters, Structure and gap lengths can vory aleng the scheme fo provide varying levels of backshore
profection. Siruclures should be constructed on the upper foreshore so that they can be of modest height, yet be
effective in protecting the dune toe. The seaward ioe should be at or above HWMOST and the crest about the

|EVEl OF maximum wave run-up.

The approximate limits of wave run-up can be established by observing and recording the location of the strand
line over Spring fide periods during both winter storms and more normal wave conditions. The toe of a freshly

eroded dune face is normally just below the run-up limit of the most recent severe sea.

The structures should be relatively modest in size, encompassing a small part of the foreshore, so as to have
only a small impact on he rate of littoral drift. Breakwaters should not be used in areas where there is a
moderate to sirong littoral drift since they could cause downdrift erosion by cutting of the supply of material in

thai direcfion.

If there is not a large natural supply of sediments it may be necessary to recycle or import beach nourishmeni
material [Summaries 5 and 7] to create salients in the lee of the breakwaters, Once beach material has built up
above the highest tide tevels, the foot of the dunes should be sofe from wave action. If there is c significant

build up of sand, fencing and ransplanting con be used to encourage dune growth {Summaries 2 1o 4).

Costs for nearshore breakwater schemes depend on siructure dimensions and spacings. They con be heavily
influenced by the availability of svitable rock [or other material), transport and the costs of any recycling or

nourishmeni. Rock structures can be assumed o have an unlimited life with respect to economic assessments.

Impacis

Even though this form of defence is intended to give only partial protection to the shareline the impacis on
shoreline processes, interfidal habitats and landscape will siill be high, and may be unacceptable in
environmentatly sensitive areas. Erosion in the lee of the gaps may well confinue for several years afier

construction while a new beach planshape develops.



On fronfoges affeciad by longshore transport the breakwaters moy reduce drilt roles, resulfing in the erosion of
downdrifi sirelches of coast, but helping fo stabilise the updrift shore.

As the structures may be separated from the share of peak water levels they are potentially hazardeus le

anycne using them as a perch and becoming sironded as the tide rises, particulerly i there are also heavy seas.

Where the nearshore waters tend to be silty the breakwaters may encourage lee-side deposition of mud leading
to both unwanted odours and unsafe beach areas. Other lee side deposits may include sea weed and jetsam
from ships [plastic conlainers, nets, rope, efc)

Wave induced currents around the ends of breakwaters can be lecelly skrong and a danger to beach users.

Best practice and environmental opportunities

The width of the upper becch along the embayed shoreline may increase, providing improved recreation. New
foredunes may develop in the lee of the breakwaters. The struciures allow natural beach-dune processes fa
confinue, albeit along a modified shoreline. Existing dune haobitats and land forms may be retained and/cr
enhanced in the areas behind the structures,

All dune management schemes should observe the fallowing guidelines to maximise the probability of succass

and minimise impacts on the notural and human environment:

@ Each dune srosion site must be considered independenily, with management approaches toilored to the
specific site.

@ A policy of "Adaptive management” {Summary 1) should be considered for all sites before other options are
assessed,

@ Work should nof be undertaken unless the beach-dune system and nearshere coastal processes have been
monitored over several years and o reasonahle understanding of the physical and natural environment has
been established. Hasty responses to erosion moy prove to be either unnecessary or damaging.

@ Mo work of o permanent nature should be undertaken unless important immovable or irreplacechle backshore
assels are at risk.

@® Local inferesi groups, such as landowners, nature Yrusts, fishing associntions and recreational users, should be
consulted early to ensure that a broad view of the shoreline and nearshore zone is considered prior to
implementing any particular management approach.

@ Consideration mus! always be given to both long term “average” and short term extreme weather and sea
conditions to determine the life expectancy of any operations.

@ Consideration must be given to the consequences of failure, such as constrection debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, ete.

© Work should be planned and scheduled to limit damoge fo fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting ond migration, interfidal invertebrates, fisheries,
public access, noise levels and public safety.

@ All site staff must be made aware of the need for careful working practises to avoid environmental damage,
and to avoid hazards asseciated with steep and unsiable dune faces.

@ Temporary or permanent management access routes to the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling domage to the dunes and to fimit the farmation of
blowouts. Boardwalks or other temporary surfaces shauld be laid and should follow the natural contours of
the dunes rather than cutting straight lines svsceptible to wind erosion. Fencing should be used to stabilise
sand adjacent to the track.

@ Public access routes to the beach should be clearly laid out and fenced where necessory to prevent trampling
thot may leoad to blowouts.

® Educafional displays at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest and support far the management objectives.

@ Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazards associated with the management schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposits, etc}

@ Post project monitoring should be undertaken ot least bi-onnually 1o assess the beach-dune evalution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitaring guidelines.




In additicn to these general guidelines, the fallowing are of specific importance to nearshore breakwaters:

Further guidance on the design of rock struciures is available from the CIRIA/CUR “Manual on the use of rock
in coastal and shoreline engineering” and from the CIRIA “Beach management manual”.

Breakwater consiruction moy need to be accompanied by an ongeing programme of beach recycling or
nourishmeni to ensure that sediment redistribution is not unduly domaging to unprotected frontages. Regular
monitoring and management are required o establish a successful scheme. Monitoring must include adjacent
shorelines as well as thase immediately within the breakwater scheme.

Manitoring should also record any scour around the structures that may indicate potential for structural Failure
or the presence of strong local currents that may be a hazard to beach users.

Structures should be kept to @ minimum size to reduce visual impact. Siructure dimensions can be modified i
monitoring indicates that the initial layout is not achieving the required objecfives. Any observed storm
damage, such vs displaced rocks, should be rectified during maintenance operations,

Where possible recycling, fencing and transplanting should be undertaken to establish a new line of foredunes
in the lee of the breakwaters. These dunes will enhance the coastal landscope, provide additional erosion
profection and re-establish a natural succession of dune habitats from the shoreline to the backshore.

The use of local rack should not be a requirement of design unless there are genuine landscape
considerations, such as adjocent rocky outcrops; even in this instance local rock shauld only be used if it is
readily available in the size range required and is a sound material for coastal construction.

The use of builder’s rubble is unlikely io ever be appropriate for dune management. Most material is too small
to be effective and will be drawn down the beach during any significant storm. The rubble may contain
material that is either hazardous to beach users, toxic or simply unatiractive. Large cancrete slabs may be
acceptable from an engineering perspective but are unlikely to meet approval with respect to their landscape

impact ar their safety for use in a public area.



Summary 12: GROYNES

APPROPRIATE LOCATIONS | High value frontoges influenced by strong long shore processes {wave induced or
ficlal currents) where nourishment or recycling are undertaken. Best on shingle
beaches or within estuaries.

COSTS Moderate, but must include For recycling or naurishment {£10,000-£100,000 per
structure, plus recycling).

EFFECTIVENESS Good on expased shorelines with a natural shingle upper beach. Can alse be
useful in estuaries 1o deflect flows. Unlimited structure !ife for rock groynes.

BENEFITS Encaurages upper beach stability and reduces maintenance commitment for
recycling or nourishment.

PROBLEMS Disrupts natural processes and public access along upper beach.  Likely to cause
downdrifi erosion if beach is not managed.

Recently built rock
groyne af esfuary
mouth, consfructed in
associatian with beach
renourishment of

adjocent foreshore.

General description

Groynes are cross-shore structures designed te reduce longshore transport on open beaches or o deflect
nearshore currents within an estuary. On an open beach they are normally built as @ series to influence a lang
section of shoreline that has been naurished or is managed by recycling. In an estucry they may be single
structures.

Rock is often favoured as the construction material, but Ember or gabions can be used for temporory structures
of varying life expactancies {imber: 10-23 years, gabicns: 1-5 years). Groynes are often used in combination

with revetments to pravide a high level of erosion protection.

Function

Groynes reduce longshore transport by trapping beach material and causing the beach orientation to change
relative fo the dominant wave directions. They mainly influence bedload transpert and are most effective on
shingle or gravel beaches. Sand is carried in lemporary suspension during higher energy wave or current
condifions and will therefore tend to be carried over or around any cross-shore structures, Groynes can alse be

used successfully in estuaries to alter nearshore tidal flow patterns.

Rock groynes have the advantages of simple construction, long-term durability and ability o absarb some weve
energy due lo their semi-permecble nature. Wooden groynes are less durable and tend to reflect, rather than

absorb energy. Gabions can be useful as temporary groynes but have a short life expectancy.




Groynes along a duned beach must have at least a short “T” section of reveiment at their landward end to
prevent outflanking during storm events. The revetment will be less oblrusive if it is normally buried by the

foredunes.

Beach recycling or nourishment [Summaries 5 and 7] is normally required to maximise the effectiveness of

groynes. On their own, they will cause dawndrif: erosion as beach material is held within the groyne bays.

Revelment arms to
prevent outflanking

Upper shingle beach Downdrift erosion
{renourished or recycled)

Sand lower beach -

Groyne planshape

Groyne berm crast
approx. level with

beach elevation
(1-3 tonne armour rock)

hva
i 1.5-1:10 Groyne slope crest approx. 1m

- i ~ above intended updrift beach profile
) {3-6 tonne armoeur rock)

B Lower sand beach

94 Upper shingle beach T e
(naurished or recycled)
Long section
Crest approx. 0.5m-1.0m
above intended updrift
beach profile
1.5 3-8 tonne armour rock
iﬁ along groyne slope, 1-3 tonne
- s along berm and revetment arms (approx.)
Updriit
.
Crest at least 2 units wide. =
Toe at least 1m below expected
minimum beach level
Cross section
Methods

Groynes can have a significant impact on the shoreline, and schemes should always be undertcken under the
supervision of a competent caostal consultant. Information an the design of rock structures is available from the
CIRIA/CUR “Manual on the use of rock in coastal and shoreline engineering” with further defailed guidance on
the use of groynes fourd in the CIRIA “Beach Management Manual”. The accompanying figures provide initial
guidance but this should be confirmed for each site. Temporary structures can be farmed using sand bags
{Summary &| or gabions [Summary 8}, although gabions can be more to remove or relocale than rock.




As with all rock struciures an the shoreline the rock size, face slopes, crest elevation and crest width must be
designed with care. Rock size is dependent on incident wave height, period and direction, siructure slope,
aceeplance of risk, cross-sectional design, and the availobility/cost of armaour rock from quarries, In general 1-
3 tonne rock will suffice for the landward parts of the groynes, provided that if is placed as af least a double
layer, with @ 1:1.5 10 1:2.5 face slope, and there is an acceptance of some risk of failure. Larger rock,
probably 3-6 tonne, may be needed for the more exposed body and seaward head of each siructure.

Randomly dumped rock with @ high void o solid ratio is hydraulically more efficient than ploced and packed
rock. However, rock struclures on recreationat beaches should be built with a view to minimising the potential

for accidents involving beach users slipping between rocks.

The groynes should be built prior to nourishment, with the rocks being laid into a shallow trench. On gravel
beaches a geotextile is nol normally required, as vpward sediment migration is less important than on a sand
beach. The groyne berm should be buili to the anficipated crest level of the beach. The groyne berm leagth
should equal the intended crest width of the updrift beach. The groyne should exiend down the beach at a
level of about 1m above the anficipated updrift shingle beach, normelly at o slope of obout 1:5 to 1:10. The
groyne head should extend down into the sand beach, allowing for some future erosion. Cn a shingle beach

there is not significont benefit ic creating any novel head extensions

The groyne-dune interface may need addiiional protection o reduce the possibility of outflanking. Shert lengths
of revetment, longer on the downdbift side, will ensure greater resistance to storm erosion. Where a high
degree of erosion protection is required it may be necessery to construct a full rock revetment (Summary 14] 1o
provide a fixed line of defence along the shareline.

As a general rule, groyres should not be built on an open beach unless consiruction is accompanied by a
commitment fo regular recycling or nourishment, Without this commitment the groynes are likely lo cause
downdrili erosion as the upper beach becomes starved of sediment. Where ihere is o plentiful sediment supply,

ar where downdrift erosion is not considered to be a significant issue, then recycling may not be required.

Groynes should normally only be considered for beaches with a significant proportion of gravel. Structure
length should extend across the full width of the steeper upper beach, allowing for beach reorientation after
consiruclion and recycling/nourishment. Further extension across the sandy lower beach is generally not
affective as the sand will be transported over and around the groynes os suspended load. Groyne lengths
should be reduced at the downdrift end of a series to reduce the fendency for lacal erosion.

Groyne spacing will depend cn the nearshore direction of the dominant waves and the expecited orienlalion of
the upper keach after construction. The design of larger schemes should make use of numerical models to

assess the optimum lengths and spacings.

Within estuaries groynes are used primarily to deflect fidel flows away from an eroding shoreline. To be
effective structures must be large, both in elevation and lengths. Impacts can be significant on other areas of the
estuary, and ore difficult to predict with certainly. The services of specialist esiuary consultonts should be
commissioned at preliminary appraisal stage.

Construction costs are mainly dependent on structure dimensions, but can be heavily influenced by the
availability of suitable rock (or other maleriall, fransport ond the ossocialed costs of recycling or nourishment.

Rock siructures can be assumed to have an unlimited life with respect io economic assessments.

Impeacts
Groynes have a significant impact on the landscape and can create barriers 1o the recreational use of the upper
beach. They offen cause downdrift erosion unless there is a long term management commiiment to beach

recycling or nourishment, Downdrift erosion may well lead to pressure for further defence works.

Timber groynes must be built from hardwoed to endure the harsh shoreline environment. Much hardwood
comes from fropical sources, making it both costly and potentially environmentally unacceptable. Timber
groynes tend to reflect, rather than absorb, wave energy making them significantly less efective than rock on
exposed coasts. They are also more likely te structural failure due to formation of scour channels around their
seaward ends.

Best practice and environmental opportunities

Provided that groynes are used in appropriate locetions, they raduce dependency on regular recycling or
rourishment, and therefore reduce future disturbance of the shoreline environment. Locolised accumulations of
beach malericl will encaurage new dune growth. Recycling, fencing and fransplanting will help to keep the
revetment sections buried, thereby enhancing habilat regeneration.




All dure manogement schemes should observe the following guidelines lo maximise the probability of success
and minimise impacts on the natural and human environment:

@ Each dune erosion site must be considered independently, with management approaches tailored to the
specific site.

@ A palicy of "Adaptive management” {Summary 1) should be considered for all sites before ather options are
assessed,

@ Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitorad over several years and a reasonable understanding of the physical and natural envirenment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

® No work of a permanent nature should be undertaken unless important immovable or irreplaceable backshore
assels are at risk,

© Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that o broad view of the shoreline and nearshore zone is considered prior to
implemanting any particulor management approach.

@ Consideration must alwoys be given to both long ferm “average” and short term extreme weather and sea
conditions to determine the life expectancy of any operations.

@ Consideration must be given to the consecuences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, etc.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Censideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noize levels and public safety.

@ Al site staff must be made aware of the need for careful working practises to avoid environmental damage,
and to avoid hazards associated with steep and vnstable dune faces.

@ Temporary or permanent management access roufes fo the dune face for materials, equipment and labaur
must be planned and constructed to minimise trampling demage to the dunes and to limit the formation of
blowouts. Boardwalks or other temporary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent ta the track.

@ Public occess routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead to blowouts,

® Educational displays at backshere car parking arecs or along footpaths sheuld be used to explain
management schemes and encourage public interest and support for the management objectives.

@ Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in

94 progress or any other hazards asseciated with the management schemes {gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposits, etc)

@ Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evelution and the
success of the schema relative to the objectives. Appendix 2 of this guide provides monitoring guidelines.

n addition fo these general guidelines, the following are of specific importance to groynes:

@ Further guidance on the design of rock structures is available from the CIRIA/CUR “Manual on the use of rock
in coastal ond shoreline engineering” and from the CIRIA “Beach management manual”,

@ Groyne construction should normally be accompanied by an ongoing programme of beach recycling or
nourishment. Regular manitoring and management is required fo establish a successful schema. Monitoring
must include adjacent shorelines as well as thase immediately within the groyne scheme.

@ Groyne heights, lengths and profiles can be modified if monitoring indicates that the initial layout is not
achieving the required objectives. Modificalion is easier to achieve with rack struciures than with timber. Any
cbserved storm damage, such as displaced rocks, should be rectified during maintenance operations.

@ Timber used for groyne construction should be derived from sustainably managed forests.

Groynes in estuaries may need navigation marks to ensure public safety.

@ Where possible fencing and transplanting should be undertaken to establish a new line of foredunes along the
stabilised upper beach. These dunes will enhance the coastal landscape, provide additional eresion
protecfion and re-establish a natural succession of dune habitats from the shareline to the backshore,

@ The use of local rock should not be a requirement of design unless there are genuine landscape
considerations, such as adjacent rocky oulcrops; even in this instance local rock should only be used if it is
readily available in the size range required and is a sound material for coastal canstruction.

@ The use of builder’s rubble is unlikely to ever he appropriate for dune management. Most material is too small

to be effective ond will be drawn down the beach during any significant storm. The rubble may contain

material that is either hazardous te beach users, toxic or simply unattractive. Large concrete slabs may be
acceptable from an engineering perspective but are unlikely Yo meet approval with respect to their landscape

impact or their safety for use in o public area.




Summary 13: BEACH DRAINAGE

APPROPRIATE LOCATIONS | Low iidal range sand beach sites with a high amenity value, low 1o maderale wave

energy

COSTS Low fo moderate, with high maintenance {£5,000 - £20,000/100m length, plus
running cosls).

EFFECTIVENESS Increases upper beach width and therefore dune stability, voriable life expeciancy.

BENEFITS Non-infrusive technique resulling in wider, drier beach

PROBLEMS Storm erasion of beach is likely to damage the system

General description

Beach droins comprise perforaled land drain pipes buried below the upper beach surface, and connected 1o o
pump and discharge. The concept is based on the principle that sand will tend 1o accrete if the beach surface is
permeable due to an arkficiclly lowered water table. The system is largely buried ond therefore has no visual
impact.

Function

Mild upper beach and dune erosion can be controlled by beach drains. The system aclively lowers the water
table in the swash zone, thereby enhancing the wave absorption capacity of the beach, reducing sand
flvidisation and encouraging send deposition. The deposited sand forms an upper beoch berm that prolects the

dune face during storm evenis that might otherwise cause erosion.

Benefils are greatest on micro4idal {<2m range), high volue amenity beaches where landscape issues preclude
the use of other management approaches. Impartant backshore assets should not rely on drainoge systems for
erosion profection during storms, even os a femporary measure.

Active drainage systems have been found to enhance sand degosilion af sites in the USA and Europe. Tridl sites
in the UK have had o mixed reception, parily as a result of poar site selection, incdequate design and lack of
management. Installation cosls can be relafively low, but maintenance and management commiiments are high.
Although the drains should increase upper beach volume dusing low lo moderate wave conditions they will not
be significantly effeciive during storms, with the result that beach draw down may lead to exposure of the
pipework and system failure.

Methods

Beach dreinage systems are relatively simple fo inslall but should always be designed by o competent hydraulic
consultant. Little information is available to guide designs, with the exception of that provided by organisations
providing a palented inslallation service. [n simple terms, perforated plastic drain pipes with a geotextile sleeve
are laid inlo excavated trenches within the high fide swash zone. The pipes are cannecied o a pump ond
discharge sysiem. Pipework must be laid at least Tm below the expected minimum beach level, but not so deep
as 1o be ineffective at draining the surface layer of the beach. The geotexiile sleeve serves fo filter sand from
the seawaler collected in the drains. A surround of gravel has sometimes been used to improve Hows. Pumping
facilities must be oppropriately housed and represent the major system installation and maintenance cost.

Discharge of collected water should be designed 1o minimise any interference with natural beach processes.

Considerafion must be given fo the redl lime control of the pumping facilities. The system will only operate
efficiently while the pipework is within the swash zone: at lower tide levels no wave driven sand will reach the
system’s orea of influence, ond once the slill water level has risen over the drains the pumps will be
overwhelmed by the total saturation of the beach. A water level sensifive pump control is therefore required,
although it would also be passible to produce @ time switch system based on predicled tide levels. Regular

beach monitoring and system management are required to obtain oplimum results from o drainage scheme.
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The system will be most effective in areas wilh a low fida range (less than 2m) in which the pump would ke
active for a large part of each tidal cycle. Most of the Scoflish coast has o lide range of ai least 3m, with a 4 -
5m range being commen, so drains installed on or above high water line of the beach will be redundant for
least 75% of each year. Drainage sysiems will olso be most effective over relatively short lengths of shoreline, A
single system should be capable of achieving some benefits aver lengihs of 100m o 400m. Smoll embayments
or discrate lengths of longer frontages could be appropriale siles.

Associated vegetalion transplanting and fencing/thatching (Summaries 2, 3 and 4] will enhance dune growth.
Becch recycling [Summary 5] may also be beneficial to the initial installation or to restaring the system if

pipewark is exposed by slorm erosion.

Costs for drainage schemes are dependent on the number of lines laid, the problems of providing appropriate

pumping and ouifall faciliies and the amount of maintenance required to keep the system aclive.

To date no information is available on which o assess life expectancy. With regular maintenance and repairs
to storm damage, a system could remain acfive for ot least 10 years before requiring a major rebuild. Sand
clogging within the pipework is likely to be a limiting factor on life expectancy, assuming storm domage con be
avoided.

impacts

Construction of a drainage system will require frenching of the upper foreshore to a depth of Tm - Zm. Cnce
installed the system should be largely invisible, although storm erosion of the upper beach may expose the
pipework. Permanently visible elements will be the pump housing and discharge pipes. These may be

incorporated into existing shoreline feotures in some instances, but will otherwise be intrusive on the landscape.

Best practice and environmental opportunities

A successful beach drainage system will increase the elevation and width of the upper beach, providing an
improvement lo amenity value and encouraging the formation of foredunes. The roised upper beach will
provide storm profecfion to the dunes. Recycling ar nourishmenit can initiate beach level increases, and fencing,

thatching and transplanting can encourage dune growth,

All dune management schemes should cbserve the following guidelines to maximise the probability of success

and minimise impacts on the naiural and human environment:

@ Each dune erosion site must be considered independently, with management appreaches tailored to the
specific site,

@ A policy of “Adaptive management” (Summary 1) should be considered for all sites before other options are
assessed.

@ Work should not be underiaken unless the beach-dune system and nearshore coastal processes have been
menitored cver several years and a reasonable understanding of the physical and natural environment has

been established. Hasty responses to erosion may prove ta be either unnecessary or damaging.
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No work of a permanent nature should be undertaken unless imporiant immovable or irreplaceable backshore
assets are at risk.

local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that a broad view of the shoreline and nearshore zone is considered prior 1o
implementing any particular managemeni approach.

Consideration must always be given to both long term “averoge” and shart term extreme weather and sea
conditions te determine the life expectancy of any operations.

Consideration must be given to the consequences of failure, such os construction debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, efc.

Woark should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegelation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

All site staff must be made oware of the need for careful working practises to avoid environmental damage,
and to avoid hozards associated with steep and unstable dune faces.

Temporory or permanent management access routes to the dune face for materials, equipment and labour
must be planned and constructad te minimise trampling damage to the dunes and to limit the formation of
blowouts. Boardwalks or other temporary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise
sand adjacent ta the track.

Public access routes fo the beach should be clearly laid out and fenced where necessary to prevent irampling
that may lead to blowouts.

Educational displays at backshore car parking areas or along footpaths should be used to explain
management schemes and encourage public interest ond support for the management objectives.

Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazards associated with the management schemes (gops in rock structures, slippery
algal growth, buried defences, submerged structures, mud deposits, ete)

Post projeci monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines.
addition to these general guidelines, the following are of specific imporiance to beach drainage:

Trench excavotion must be sufficiently deep to avoid pipewark becoming exposed during storms.

Pumping and outfall works should not be visually intrusive or impact on natural beach processes.

Systems must be regularly monitared to ensure that pumping is optimised for greatest effact.

If erasion continues despite the installation of a drainage system, pipework should be removed hefors it is
exposed and demaged by storm waves.

Where passible recycling, fencing and transplanting should be undertaken ta establish a new line of Faredunes
to landward of the drains. These dunes will enhance the coastal landscape, previde additional erosion
protection and re-establish a notural succession of dune habitats from the shoreline to the backshore.

If the system is effective in accreling new faredunes, further lines of drain pipes sheuld be installed and

redundant lines disconnected from pumps.
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Summary 14: ROCIK REVETMENTS

APPROPRIATE LOCATIONS | Sites suffering severe and ongoing erosion where important and extensive
backshere assets are at risk.

COSTS High, but with relafively low maintenance (£10C,000-£300,0G0/100m length).

EFFECTIVENESS Goad long-erm prolection. Can be extended or modified 1o allow for future
shoreline change. Unlimited structure life.

BENEFITS Low risk option for importont backshore assets. Permeable face obsorbs wave
enargy and encourages upper beach stability,

PROBLEMS Strong landscape impact. Can alier dune system permanently as sand tends not
fo build up over the rocks if beach erosion conlinues.

Major rock armour
revelment in frant of
dune sysiem. Though
offering long-term
security, the landscape
impect and damage fo
haobitat are

considerable.

General description

Rock revetments may be used to coniral erosion by armouring the dune face. They dissipate the energy of storm
waves and prevent further recession of the backshore if well designed and mainfained. Revetments may be
carefully engineered structures protecting long lengths of shoreline, or roughly placed rip-rap protecling shart

sections of severely eroded dunes.

Funckion

Rock revetments are widely used in areas with important backshore assets subject to severe and ongoing
erosion where it is not cost effective or environmentally occeptable to provide full protection vsing seawalls
(Summary 16}. The function of permeable revetments is to reduce the erosive power of the waves by means of

wove energy dissipolion in the interstices of the revelment.

Permeable revetments can also be built from gobions {Summary 8}, timber (Summary 15] or concrete armour
units. Concrete units are nermally oo costly for use as dune prolection, but may be appropriaie where high
value back shore assets must be protected and armour rock is difficult 1o oblain. They are often considered to

be more unatiractive than rock.

Revatments may not prevent on going shoreline recession unless they are maintained, and, if necessary,
extended. If the foreshore conlinues to erode, the rock revetment may slump dewn, bacaming less effective as o
defence structure, but will not fail completely. Repuairs and extensions may be necessary to pravide continued
backshore prolection af the design standard.
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Methods

Rock reveiment schemes can have a significant impact on the shoreline and should not be implemented without
specialist assistance from a competent coastal consuliant and contractors. Information on the design of rack
structures is available from the CIRIA/CUR “Manual on the use of rock in coastal and shoreline engineering”.

The accompanying figures provide initial guidance but this should be confirmed for each site.

As with all rock structures on the shoreline the rock size, foce slopes, crest elevation and crest width must be
designed with care. Rock size is dependent on incident wave height, period and direction, structure slope,
acceptance of risk, cross-sectional design, and the availability/cost of armeur rack from quarries. In general 1-
3 tonne rock will suffice, provided that it is placed as at least a double layer, with @ 1:1.5 to 1:3 face slope,
and there is on acceplance of some sisk of failure. Rock size may need fo increase if the beach franting the
structure is expected to drop below HWMOST.

Struciure face slopes are a compromise between flaiter foces that absorb more wave energy, and therefare
suffer less toe scour and allow use of smaller rock, and steeper faces that give the structure a smaller footprint
and raquire less rock volume. A slope of 1:2 is a reasonable compromise and is in keeping with natural dure

slopes.

The structure should be constructed within a shallew trench ond o geotextile filter should be laid under the rocks
to prevent the migration of sand upwards and the seitlement of the rocks into the beach. The geotextile should
ba wrapped around the base layer of racks, and the rock 1oe should be set below the lowest expected beach

level.

The length of the structure must be sufficient to protect the backshore assets at risk. To avoid lacelised scour the
structure ends musi refun into the eroding dune face over the final 20m-40m and should be buried by as much
as 5m-10m, depending on the expected rate of future erosion. The face slope over this final section can be
flattened to 1:3 or 1:4 to increase wave absorption. The revetment length may need extending from fime to

time as erosion of the adjacent dune frontages may confinue.

The structure crest elevation must be above the wave run-up limit during siorms fo prevent further dune erosion.
During very exireme storms some overiopping damage will be inevitable, and the designers must determine the

ccceptable risk depending an potential damage and the probability of extreme events.

If the beach-revetment interface is well above normal spring fide levels there may be opporiunities fo use beach
recycling (Summary 5), fencing and vegetation fronsplaniing (Summaries 2 to 4) to encourage dune growth,
However, as revetments are only likely to be used where erosion problems are severe, then it is unlikely thai this
opportunity will arise. In the latler cose fencing and transplanting should be used along the structure crest to

soften the landscape impact and encaurage dune recovery.

Large rock revetments in areas open fo the public will be a safety hazard. To increase hydraulic efficiency the
racks shauld be placed randomly to form a rough surface with lorge voids. The rocks may move when wolked
on and ‘he veids may be large encugh to fall or climb into, and may resuli in children becoming trapped or
injured. Where structures extend down the shoreline below the normal spring fide levels the lower racks will be
covered by algae and other marine growth, and may be extremely slippery.
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Natural recovery has
allowed dunes fo
reflorm over the rock
revaimant. The
revetment cresf forms a

shoreline path.

Abrupt ending ta rack
revetmen! provides
focus for future marine
erosien, exacerbated
by trampling and
potential blow-out

formaotion.

Safe access routes, usually concrete steps with hand rails, should be built oi intervals across large revetments
ond should lead to controlled paths through the dunes. The cresi of large rock revetments should be blinded,
with the interstitial voids infilled with smaller rock to form a reasonoble surface for safe walking. During severe
slorms this surface may be dumaged and need maintenance fo replace dislodged rocks ard refill voids. In all
cases the struciures should be well signed to warn the public of hazards and discourage access except o
controlled points.

The above discussions relate o large, engineered revetments, Less substanlial defences may be formed as rip-
rap slopes, but only in low energy sitvations. Widely graded rock fram smalf boulders up 1o armour rack can
be ploced alorg estuary shores or well profecled coastel sites. This upproach may well be subject fo regular
storm damage, requiring maintenance fo reform the slopes. Necessary maintenance work may well be harmful
to the environment as heavy equipment will be active on the beach and may reed to gain occess through the
dunes. Burial of the rip-rap slopes will reduce the visual impact, while fencing, thatching and transplanting may
encourage covering dune growth,

Construction costs for revetments are mainly dependent on siructure dimensions, but can be heavily influenced
by the availability of suitable rock and transport methods. Rock structures can be assumed fo have an unlimited
life with respect fo economic assessments, while smaller rip-rap slopes will reguire regular maintenance costs 1o
be included in the budget.




Impacts

The construction of any substantial defence along o dune face will have a significant impact on the landscape
and on the natural inferchange of sand between beach and dune. The nalural succession of dune habitats from
foredunes back to grey dunes or machair will be disrupted. Sand can be blown from the beach and over the
structure to reach the dunes, but cannot be returned to counter erosion of the upper bsach during storms. The
consequences can be increasing shoreline recession, with the need to extend the revetment to cope with
increasing wave aftack. Where the revetment is built high on the beach fuce the erosion pressures are much

reduced.
Public access will be disrupied and may be hazardeus unless steps are provided.

Erosion may well conlinue along edjocent frontages leaving the revetment seaward of the general line of the
shore and exposed 1o ever larger waves. Again this may necessitate on-going extension and upgrade of the
defences.

Best practice and environmental opportunities

Rock revetments provide robust, long term profeclion for important backshore assets. The revetment crest can
form a public walkway, reducing trampling of the dunes. Inclusicn of safe access routes down to the beach will
improve amenity value.

All dune management schemes should observe the following guidelines to maximise the probability of success

and minimise impacis on the natural and human environment:

@ Each dune erosion site must be considered independently, with management approaches tailored to the
specific site,

@ A palicy of "Adaptive manogement” (Summary 1} should be considered for all sites before other options are
assessed.

@ Work should not be undertaken unless the beach-dune system and nearshore coastal processes have been
monitored over several years and o reasonable understanding of the physical and natural environment has
been established. Hasty responses o erasion may prove 1o be either unnecessary or damaging.

@ No work of a permanent nature should be undertaken unless important immovable or irreplaceable backshare
assels are af risk.

@ local inferest groups, such as landowners, nature trusts, fishing associations and recrealional users, should be
consulted early to ensure that a brood view of the shoreline and nearshare zone is considered prior to
implementing any porticular management approach.

@ Consideration must always be given ta both long term “average” and short term extreme wenther and sea
conditions to determina the life expectancy of any operations.

@ Consideration must be given to the consequences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, deterioration of the landscape, ete.

@ Work should be planned and scheduled to limit damage to fragile ecasystems and to recreation.
Consideration should be given to vegetation, bird nesting ond migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ Al site staff must be made oware of the need for careful working practises to avoid envirenmental damage,
and Yo avoid hazards associoted with steep and unstable dune faces.

@ Temporary or permanent management access routes to the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damage to the dunes and to limit the formation of
blowouts. Boardwalks or other temparary surfaces should be laid and should follow the natural contours of
the dunes rather than cutting straight lines susceptible te wind erosion. Fencing should be used to stabilise
sand odjacent to the track.

@ Public access routes to the beach should be clearly lnid out and fenced where necessary to prevent frampling
that may lead to blowouts.

@ Educalional displays ot backshore car porking areas ar aleng footpoths should be used to explain
management schemes and encourage public interest and support for the manogement objectives.

@ Worning signs should be set up highlighting the dangers of unstable dune faces, any construetion work in
progress or any other hazards associated with the management schemes [gaps in rock structures, slippery
algal growth, buried defences, submerged structures, mud depasits, elc)

@  Post project monitering should be undertaken at least bi-annually to assess the beach-dune evolulion and the

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitering guidelines,
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In addition to these general guidelines, the following are of specific importance to rock revetments,

Further detailed guidance on the design of rock structures is avoilable from the CIRIA/CUR “Menual on the
use of rock in coastal and shoreline engineering”.

Revetment design must anticipate ongeing erosion that may result in toe scour, overtopping or outflanking and
may cause parfial structural failure.

Where possible the revetment toe should be ot HWMOST or higher, and recycling, fencing and transplanting
should be undertaken to establish a new line of foredunes in Front of and over the revetment. These dunes will
reduce visval impact, providing additional erosion protection and re-establish a natural succession of dune
habitats from the shoreline to the backshore.

Voids between armour rocks can be filled along tha crest to provide a public walkway.

Steps with handrails should be built into the revetment at intervals to provide safe public occess to and from
the beach.

The use of local rock should not be a requirement of design unless there are genuine landscape
considerations, such as adjocent rocky outcrops; even in this instance local rock should only be used if it is
readily available in the size range required and is o sound material for coastal eonstruction.

The use of builder’s rubble is unlikely fo ever be appropriate for dune management. Most material is tao small
to be effective and will be drawn down the beach during any significant starm. The rubble may contain
material that is either hozardous to beach users, toxic or simply unatiractive. Large concrete siabs may be
acceptable from an enginsering perspective but are unlikely to meet opproval with respect to their landscape

impact or their safely for use in a public area.



Summary 15: TIMBER REVETMENTS

APPROPRIATE LOCATIONS | High volue sites suffering modest and periodic erosion.

COSTS Moderate {£2000 to £50,000/100m frontage length),

EFFECTIVENESS Pravide good protection if only eccosionally exposed to waves. 5-30 year life.

BENEFITS Normally acceptable to the public. Less expensive than seawalls or rock
revetments

PROBLEMS Limited lite, particularly where exposed to wave action. Visually inlrusive. Alters
beach-dune processes as sand interchange is disrupled.

General description
Timber revelments can range from substontial, impermeable breastwork to temporary permeable upper beach

wave borriers. The former is a final line of dune erosion protection, while the latier serves to partiolly dissipate

wave energy before it reaches the dune face.

Timber breastwork
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Function

Timber reveiments have been widely used in the UK for coast protection where the costs or impacts of o seawall
may have been unacceptable. Consiruciion flexibility allows timber revetments fc serve varicus purposes. They
can pravide a pariial borrier ic wave energy when buill os o permeable “fence” alang the upper beach.
Alternatively they can form a final wave protection wail when built as an impermeable verlical breastwark

along the dune face.

Temporary structures can be built relatively cheaply of pressure treated softwood but more substantial structures
are usually built of imported hardwood. Concerns over the sustainability of hardwood sources have increased
material costs considerably, making it unlikely that large scole timber defences will be used in the future. Timber
is now only likely to be viable for smaller schemes in relatively low energy areas. On an open beach exposed
to large storm waves, hardwood structures will be abraded, giving a life expectancy of only 1520 years,
Within estuaries or on low energy beaches the timber may last 25-30 years before abrasion and waod boring

invertebrates cause significant damage. Softwood structures are likely to have o life of only 5-10 years.




Toe scour may occur
during storms, reducing
structure stability

/

Revetment can be backfilled,
planted and fenced to
encourage dune growth

3 .
Normal limit of
o7 WBVE run-up

Piles buried 2m below lowest
expected beach level
(assuming 1m of breastwork
above beach)

Vertical timber breastworlc

Dune recovery enhanced
by recycling, fencing and

transplanting
Sloping, permeable (0.2-0.5 porosity)
\ revetment will suffer less toe scour
than vertical, solid breastwork

Normal limit of
wave run-up
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" (~307) Piles buried 2m below lowest
expected beach ievel (assuming
about 1m of revetment above beach)

Wave barrier fencing

Methods

The flexibility of fimber as a construction material allows designers 1o exercise their imaginations, pravided that
a few basic principles are be observed: two passible designs are illustrated above. Small schemes with short
design life can be put in place without specialist skills, but larger schemes intended to last more than a few years
require the services of competent coastal engineers and contractors, At the most basic level timber revetmants
may be litle more than the dune fences discussed in Summary 4.

Structures built within the active beach zone must be designed 1o withstand wave impacts and changing beach
levels. Support piles must ba wel! buried to prevent rofational failure, porticularly when beach lavels drop
during storms. All fixings must toke cccount of the corrosive marine environment ond must be secure against

vandalism. Public access routes across the structures must be built in to the design.

Timber breastwork should be built above the limit of normal wave run up. Impermeable vertical structures built
lower on the foreshore will suffer toe scour and may be undermined causing collapse. Recycling, fencing and
transplanting in front of the breastwork will reduce the landscape impact and enhance the dune-beach
interactions and habilats. Straight, shore perallel structures are likely o provide cdequate service, More
complex loyouts {see photo) may offer some minar advantages in lerms of encouraging dune recovery, but are
unlikely 1o be as effeclive as a well designed and managed siraight breast work with a programme of fencing

and transplanting.




Locat scour ot the erds of the breastwork can be reduced by feathering the structure back into the dune foce
over a distance of 20m to 40m. A short length of rock armour revetment extending off the end of the fimber

may be benelicial if erosion is expacied ta he severe.

Timber wave barriers can be built lower on the foreshore, but should still be ebove HWHMOST. They should be
designed fo reduce wave energy reaching the upper beach, allowing greater upper beach stability and
theretore dune face stability. Siructure porosity {spaces : solid) should be in the region of 0.2 10 0.5. Wave
barriers can be vertical or sloping, though sloping structures aze more likely to remain stable under wove
impacts.

The approximate limits of wave run-up can be established by observing and recording the location of the strond
line over Spring fide periads during both winter storms and more normal wave conditions. The toe of a freshly

eroded dune feee is normally just below the run-up limit of the most recent severe sea.

Costs for imber revetments are dependent on design, dimensions, quality of materials and the requirement for
skilled contraciars. Life expectoncy will range from a few years up to 30 years, depending on rates of shoraline

erosion, cross-shore location of structures and quality of timber.

Impacts

In common with all fixed dune foce struciures, solid revetments or breastwork disrupt the natural interchange of
sand belween dunes and beaches with the loss of the succession of habitats from foredunes back ta the stable
grey dunes or machairs. Sand can be blown from the beach and over the structures to reach the dunes, but
cannot be returned fo counter erosion of the beach during storms. The consequences can be increasing
shoreline recessian, with the exposure of the piles leading to ullimate structural failure. Similarly, on-going
erosion of adjacent unprotecled dunes may result in cutflenking necessilofing extension of defences. Where the

revetment is built high on the beach face the erosion pressures are much reduced.

Permeable wave barrier revetments are less disruptive of natural processes os they allow o continued
interchange of sand from beach to dune. Used appropriately they can be beneficial to dune prelaction aver o
time scale of 5-20 years. They are also more intrusive on the coastal landscape as they are built on the active

upper beach and will not be covered by dures.

Both types of siructures will impact on recreational use of the beach, and mustinclude appropriate access

routfes.

Recenfly built timber
and geotextile
breastwork.




Best practice and environmenial opportunities
Timber struciures offer great flexibility in design. They can be incorporated into recreation management
schemes and are often readily accepted by the public. Timber siructure are easily repaired or extended relative

o concrete struclures.

All dune manogement schemes should observe the following guidelines to maximise the probability of success

and minimise impacts on the natural and human environment:

@ Each dune erosion site must be considered independently, with management approaches tailored o the
specific site.

@ A policy of “Adaptive management” [Summary 1) should be considered for oll sites before other options are
assessed.

@ Work should net be undartaken unless the beach-dune system and nearshore constal processes have been
monitorad over several years and a reasonable understanding of the physical and natural environment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

@ No work of a permanent nature should be undertaken unless imporfant immovable or irreplaceable backshore
assets are at risk.

© Local interest groups, such as landowners, nature trusts, fishing associolions and recreational users, should be
consulted early to ensure that a broad view of the shoreline and nearshore zone is considered prior to
implementing any particular management approach.

@ Consideration must always be given to bath long term “average” and short term exireme weather ond sea
conditions to determine the life expectancy of any operations.

® Consideration musi be given fo the cansequences of failure, such as construction debris spread along the
beach, public safety hazards, loss of amenity access, deferioration of the landscape, ete.

@ Work should be planned and scheduled to limit damage to fragile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ All site staff must be made oware of the need for careful warking practises to avoid environmental domage,
and to avoid hazards associated with steep and unstable dune faces.

© Temporary or parmanent management access rovies to the dune face for materials, equipment and labour
must be planned and constructed to minimise trampling damage to the dunes and to limit the formation of
blowouts. Boardwalks or other temporary surfaces should be laid and should follow the notural contours of
the dunes rather than cutting straight lines susceptible to wind erosion. Fencing should be used to stabilise

108 sand adjacent fo the track,

© Public access routes to the beach should be clearly laid out and fenced where necessary to prevent trampling
that may lead te blowouts.

@ Educational displays at backshere car parking areas or along footpaths should be used to explain
management schemes and encovrage public interest and suppert for the management objectives.

® Warning signs should be set up highlighting the dangers of unstable dune faces, any construction work in
progress or any other hazords associated with the management schemes (gaps in rock struciures, slippery
algal growth, buried defences, submerged struclures, mud deposits, etc)

© Post project monitoring should be undertaken at least bi-annually to assess the beach-dune evolution and the

success of the schems relative 1o the objectives. Appendix 2 of this guide provides monitoring guidelines.
In addition to these general guidelines, the following are of specific importance 1o fimber revetments:

@ Design must anticipate engoing shoreline erosion that may result in undermining, overtopping or outflanking,
causing structural failure.

@ Where possible recycling, fencing and transplanting should be undertaken to establish a new line of foredunes
in front of and over the revetment. These dunes will reduce visual impact, providing additional erosion
protection and re-establishing a natural succession of dune habitats from the shoreline to the backshore.

© Hardwood fimber should be harvested from sustainahly managed forests.

Damage should be repaired rapidly to maintain the effectiveness of the scheme.




Summary 16: IMPERMEABLE REVETMENTS AND SEAWALLS

Appropriate locafions

Exposed frontages with extensive and high value backshore assets.

Costs

High, but low maintenance [£200,000 - £500,000/100m length).

Effectiveness Provides good medium term protection, but continved erosion will cause long term

faifure [30-50 year life expectancy).

Benefils Fixed iine of defences allowing devalopment up to shoreline. Allows amenity
facilities along backshore and easy access to beach.

Problems Conlinued erosion may cavse undermining ord siruclural failure. Complete
disruption of natural beach-dune processes.

General description

Impermeable revelments are continuous sloping defence structures of concrete or stone blockwaork, aspheli or
mass concrele. Revetments are built along the dune face, preferably above the run-up limit of waves under
normai conditions. Where frequent wave attack is anticipated, the revetment may be topped by a vertical or

recurved wall to reduce overlopping.

Seawalls are near vertical structures of concrete, masonry or sheet piles, designed 1o withstand severe wave
aHack. Their use was popular in the past but they are now normally considered to be costly, detrimental to the

stability of beoches and unsuitable for erosion managemens along a dune shoreline.

Rock faced concrete
revetmen} with sheet
piled toe and rock
armour opron. The rock
armour was placed
after beach lowering
exposed the toe of the
revetment. The good
medium Jerm profection
of such stuctures has fo
be balanced ogainst
considerable
landscope impact and

habiiot damage.

Function
Impermeable revetments provide a fixed line of defence for frontages with high valve backshore assets. They

are infended to withstand storm wave atiack over a life expectancy of 30 to 30 years. Amenily facilities such as
promencdes, slipways and beach access steps can be built into the revetment.

Revetments will severe|y disrupt natural beach-dune interactions, and should not be used on Fronh:lges valued for
natural heritage. Ongoing beach erosion may result in undermining of the revetment toe, leeding eveniually to

structural failure or the need for repairs and extensions.




110

Original dune and beach profile
s

Optional public
walkway and
wave wall

Crest elevalion above
design wave run-up limit
LY

Revetmant formed by blockwaork,
asphall or concrete. Access steps
buiit in

Regraded
dune-beach
profile

Toe elevation at least im
below minimum expected

baach elevation

Rock armour apron to
— reduce toe scour during

Sheet piles driven '
exireme avents

approx. 3m into beach
or sub-strata

Typical impermeable revetment cross-section

Methods

The design and construction of impermeable revetments and seawalls requires the services of competent coastal
engineers and coniractors. Guidance is available from various publications, including “Coastal Protection”
{Pilarczyk, 1990), “Designing Seawalls” (Thomas and Hall, 1992} and "Revetment systems against wave ottack
- A Design Manual” {McConnell, 1998). The figure above indicates a typical revetment cross-section, but
design must be sile specific.

Reveiments should have a sloping face extending well below the normal beach level te allow for future
foreshore erosion. Sheet piles at the toe should be driven down into the substrata to provide structural support
and prevent leaching of sediment out frem under the reveiment. Rock armour placed in front of the sheet piles
will pravide additional suppart and reduce the potential for future toe scour in the event of ongaing foreshore
erosion. The revetment crest should be set according to expecied wave run-up levels, and can be topped by a
vertical wave wall if further backshore protection is required. The crest elevation will be higher than required for
a rock reveimant as the structure will suffer greater wave run-up over the smooth and impermeable surface. A
promenade can be cdded along the crest ta reduce public pressure on the backshore dunes.

Structure face slopes are o compromise between flatter faces that absorb more wave energy, and therefore
suffer less scour, and steeper faces that give the siructure a smaller foot prini and lower construction cost. A
slope of 1:2 is a recsonable compromise, and is in keeping with the natural dune slope. Increosing surface
roughness will make little difference to hydraulic performance, but may increase potential for blown sand to
stabilise on the structure face. Increasing porasity is passible and effective, but the additional construction costs
are unlikely to be jusiified for dune protectian,

The face must be able to withstand impact and uplift forces during storms. Where blockwork is used the units
must interlock or atherwise connect to farm a unified surface, os the loss of a single unil will cause rapid
deterioration of the whole struclure. A sound fourdation of geotextile and a crushed rock bedding layer will
reduce the potentiol for domage due to hydraulic forces acting from below the revetment face.

Confinsed dune face erosion should be anficipated along adjacent frontages. The terminal ends of the
reveimen should be feaihered smoothly back to the dune face, to prevent local scour from outflanking the
struciure. Feathering can be achieved using rock armour over the final 20m ta 40m of the defence length line,
with the rocks running back info the dune face to o depth of 5m to 10m depending on the anticipated rate of
future erosion. Rocks can be placed af a flatter stope {1:3 or 1:4] ta increase wave absorplion.

Public beach access routes should be incorporated info the structure, linked Io backshore walkways or a
promenade along the crest. |f the revetment face extends below norma! spring tide level the surface may
become coated with slippery algae, creating a public hazard. Appropriaie hand rails ar improved footings will
be required for safe walking.
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with many other fixed
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In favourable circumstances sand may build up along the revetment face, providing an opportunity to use
recycling, fencing ond vegelation (Summaries 2 to 3} fo siabilise a new line of foredunes. These dunes will
enhance the landscape and provide addifional erosion protection, but may also have a defrimental impact on

backshore amenity as blown sand may block access routes, roads, car parks, efe.

Costs for impermeable revetments and seawalls vary according to the type of construction, required dimensions,
aenticipated rates of future erosion, backshore facilities such as walkways and amenity add ons such as steps or

slipways. Economic assessment should assume a life expectancy of up ta 50 years before major repairs or

recensiruction will be required.

Impacts

In common with all fixed dune foce structures, revelments disrupt the natural interchange of sand between dunes
and beaches with the loss of the succession from foredunes back to the stable grey dunes or machair. Sand can
be blown from the beach and over the struciure to reach the dunes, but cannot be returned to counter erosion of
the beach during storms. The consequences can be increasing shoreline recession, with the exposure of the
revetment ioe leading to ultimate structural faifure. Impacts may be felt along adjacent frontages that may
become starved of sediment input, leading to further erosion and the demand for extended defences. Where
the revetment is built high on the beach face the erosion pressures are much reduced.




Best practice and environmental opportunities
Revetments can be used to provide safe public access to the beach, and can support a promenade alorg the
shoreline that may reduce the trampling of the remaining dunes. The backshore can be protected from marine

erosion and a grey dune habitat can be maintained.

All dune management schemes should abserve the following guidelines to maximise the probability of success
and minimise impacls en the natural and human environment:

@ Each dune erosion sife must be considered independently, with management approaches tailored to the
specific site.

© A policy of “Adaptive management” (Summary 1] should be considered for all sites before other options are
assessed.

© Work should not be undertaken unless the beach-dune system and nearshare coastal pracesses have been
monitered over several yeors and a reasonable understanding of the physical and notural environment has
been established. Hasty responses to erosion may prove to be either unnecessary or damaging.

® No work of a permanent nature should be undertaken unless important immovable or irreplaceable backshore
assets are at risk.

@ Local interest groups, such as landowners, nature trusts, fishing associations and recreational users, should be
consulted early to ensure that a broad view of the shoreline and nearshore zone is considered prior to
implemenling any particular management appreach.

@ Considerafion must always be given to both long term “average” and short term extreme weather and sea
conditions to determine the life expeciancy of any operations.

@ Consideration must be given to the consequences of failure, such as consiruction debris spread along the
beach, puhlic safety hazards, loss of amenity access, deterioration of the landscape, etc.

@  Work should be planned and schaduled to limit damage to frogile ecosystems and to recreation.
Consideration should be given to vegetation, bird nesting and migration, intertidal invertebrates, fisheries,
public access, noise levels and public safety.

@ Al site staff must be made aware of the need for careful working praciises to avoid environmental damags,
and to avoid hazards associated with steep and unstable dune faces.

& Temporary or permanent management access routes te the dune face for materials, equipment and lobour
must be planned and constrected to minimise trampling damage to the dunes and to limit the formation of
blowouts. Boordwalks or other temporary surfaces should be laid and should Follow the natural contours of
the dunes rather than cutting straight lines susceptible to wind erosion, Fencing should be used to stabilise

112 sand adjacent to the track.
@ Public access raufes to the beach shauld be clearly loid out and fenced where necessary to prevent rampling that

may lead 1o blowouls.

@ FEducaotional displays ot backshare car parking areas or along footpaths should be used to explein monagement

schemes and encourage public interast and support for the monagement objectives.

@ Worning signs should be set up highlighting the dongers of unstable dune faces, any construction work in
progress or any other hazards associated with the menagement schemes {gaps in rock structures, slippery algal

growth, buried defences, submerged structures, mud depasits, efc)

@ Post project manitoring should be undertaken at least bi-annually to assess the beach-dune evolution and fhe

success of the scheme relative to the objectives. Appendix 2 of this guide provides monitoring guidelines.

n addition fo these general guidelines, the following are of specific imporiance to impermeable revetments:

@ Revetment design musf anticipate ongoing erosion that may result in toe scour, overtopping, outflanking and
leaching of underlying sediment, each of which may causs structural failure.

® Where possible recycling, fencing and transplanting should be undertaken to establish a new line of foredunes
in front of and over the revetment. These dunes will reduce visual impack, providing additional erosion
pratection and re-establishing a natural succession of dune habitals from the shoreline to the backshore.

® Steps with handrails should be built inta the revetment at intervals to provide safe public access te and from
the beach,




Summary 17: NOVEL COAST PROTECTION METHODS

Dumping of rubble is
unsighlly, poses a
heaith hazard and
does little ta impede
natural shoreline

recession,

There are a number of coast pratection techniques thet are of marginat use for dune protectior. They are either

unproven or inappropriate. These include the follewing:

Open revetmenis or breastwork
Artificial seaweed

Seaweed planting

Bubble barriers

Alternative breakwaters

Sunken vessels

Tyre revelments
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Interlinked concrete block mattrasses

e & o @ 2 © o 0 @

Biturmen spraying

Open revetmenits, sills or breastwork

Large rocks, concrate tank traps or timber “soldiers” [vertical piles) placed at discrele intervals in a line or as an
open array aleng the mid to vpper beach will have a limited influence on cross-shore wave energy. During mild
conditions they may have a positive impect on upper beach and dune stability, but their impact during starms
may be negligible. As the units are brought closer together to form o tight array they begin to act as a standard
permeable headland, breakwater, reef or revetment (Summaries 9, 11, 12 and 14) and become increasingly
effective ot damping wave energy. To achieve storm profection a veid to selid ratio of 0.3 « 0.5 would be
required, preferably with a crossshore width of of least two units {e.g. 2 rows of teuching rocks). A properly
designed structure would also have the advanlage of grealer stability of individual elements [i.e. single rocks or

conerete units on the beach are less stable than rocks forming o structure}.

Artificial seaweed

There have been several allempis ot placing artificial seaweed mats in the nearshare zone in an effort 1o
decrease wave energy by the process of frictional drog. The Field irials have generally been inconclusive as
regards wave energy atienuation. The most successful Irials have been in areas of very low wave conditions,

low tide range and relatively constant fidal current flows, when some sedimeniation was found to take place.

On open coast sites there have been major problems with the installafion of the systems and the synthetic
seaweed fronds have shown very litlle durability even under modest wave attack. The synthetic seaweed has

tended io flatten under wave action, thereby having minimal impact upon waves approaching the coast,

Field tridls in the United Kingdom have been unsuccessful and the experiments were abandoned in oll cases,
due to the material being ripped away from the anchorage points.
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In the Netharlands experiments were more successful with synihetic seaweed being placed in relatively deep
water, where sedimentation up to 0.35m took place soon after installation, although this would result in enly a

very minor decrease in shoreline wave conditions.

The cost of the artificial seaweed is low but the costs and frequency of maintenance works make this option not
worth pursuing in an exposed coastal environment, where it would be subject lo severe wave cenditions and
would become damaged rapidly.

Seaweed planting

Seaweed planting can be considered as an alternative to the installation of synthetic seaweed, and works on
the same principle of dissipating wove energy by friction. Artificial planting of Pasidonia in relaiively protected
water is now well understood. However there are problems with applying this technique in open coastlines
including growth time and creating sufficient plant area. The fechnigue is unproven as far as the significant

damping of open coost waves and is uniikely jo be of use in dune management.

Bubble barriers

The principle behind the bubble barrier technique is the creation of a cantinuous curtain of bubbles rising from
the seabed to dampen wove energy. The concept wos developed with the aim of stilling wave energy of the
mouths of harbours, where it would be possible to create suitable conditions over o short distance. The

installation costs of such techniques are high, and the mainienance problems are likely to be difficult.

The bubble barrier technique is inappropriate for an open coast location where the costs of installation over
hundreds of metres or greater would be considerable. The technique is still vary much in on experimental siage
with respect to shore proteclion.

Alternative breakwaters
A considerable amount of research hos been carried out on the potential performance of various types of
breakwater including:

@ Layered plafe frameworks
@ Floating breakwaters

@ Perforated caissons

These techniques involve the attenualion of wave energy by means other than providing ¢ direct barrier, The
numerous designs that have been iested or built are usually specific 1o a particular wave environment, and are
usually aimed ot vessel protection over relatively short dislance. Design, consiruction and management costs

are high. None have been shown to be practical as far as dune protection is concerned.

Sunken vessels

Another methad of shereline prolection invelves the placement of vessel hulks paralle! to the shoreline to
dissipate incoming wave energy. Parts of the east coast of the UK are fringed by marshes and these are
particularly sensitive to changes in the wave climate, changed sediment supply, efc. Cn the borders of the
Dengie peninsula ot the mouth of the Thames Estuary there are extensive salt marshes affected by erosion.
Aflempts have been made to create conditions conducive 1o regenerafion of salt marsh growth by grounding o

line of barge hulks several hundred melres off the shore on shallow mud flats.

The cost of protection is relatively low and few maintenance cosls are ollached to this form of protection.
However, this method does not easily lend itself 1o the protection of dune systems, if only because of the various
adverse impacts that may be encountered. The hulks act like o series of breakwaters, hoving « strang influence
on coastal processes. Not only is wave energy dissipated, but littoral transport is strongly affected. The
inability fo fine tune such structures means that the adverse impacts down coast may be as severe as any local
beneficial impacts, in terms of protection, that are achievable. The hulks are also very intrusive on the coastal

landscape and may be unsiable under the high wave energy conditions found off many Scoftish dune sysiems.

Tyre revetments

Becouse of the availability of scrap tyres o number of frials have been undertaken in the U.S.A. o use them as
low cost shoreline protection. Much cf the shoreline in the U.S.A. is in private ownership, hence there is @ need
for the development of solufions ulilising cheap materials and simple fo construct installation methods.

The intendad function is Ie dissipate wave energy by means of the porosity characteristics of the tyre structures,
This is by no means ecsily achievable due to problems with holding tyres together adequately.



This system is not recommended for any but very sheltered conditions. Even then, scrap tyres cannot be
recommended for genercl use. Tests made in the U.5.A. categorised the wave height range under which tyres
could be used, as being below 2 feel (less than 0.4m|. The main problem is that individual tyres are much
stronger than the interconnections between them.

A revetment construcled aof scrap tyres wilt be visually intrusive. The tyres are olmost indestructible hence there
is a potential for adding a highly unattractive element to the shareline if they were to come loose,

Inter-linked concrete block revetments

Patented concrete block mattress systems are widely used for profecting estuary and river banks, and for
protecting the face of earth embankments. The individual blocks are linked to form flexible matiress, ofen using
flexible cables, allowirg large surface area to be covered rapidly.

None of these mattresses are suitable for use os dune face protection in situations where wave attack is
experienced. They require a well loid and compocted base to prevent hydraulic uptift forces from buckling the
mattress, and they require solid fixing at the crest, foe and ends to prevent slumping or outflanking. Neither of

these criteria can be met in most dune silvations. Al best they can be used as a costly lemparary struclure.

Bitumen spraying

Various surface stabilising sprays, including bitumen, have been trialed in the UK and elsewhere with the aim of
reducing wind erosion of dunes,. The sprays temporarily fix the dune surface and aflow newly transplanted
grasses to become roofed if they are placed in very mobile sand. Any suriace distribution {i.. trampling or
wave atiack} will quickly break through the surface layer leaving the sand in its original form.

This approach may have some benefit to backshare blowout management, but will have little, i any, berefit o
an eroding seaward face.







Appendix 2 Monitoring erosion and change in
dune systems

1 Introduction

Managing a beach-dune system effeclively requires data on the initial characier of the system, changes cver o

range of timescales and the faciors which cause change. The doto is required to:

@ idenlify and understand change
@ guide the planning of menagement operations

@ appraise the performance and impacts of management.

There are several sieps required to develop a useful database. A desk study must be completed to determine
what informaticn exists already, a haseling survey must be undertaken 1o establish the situation against which
future change will be compared, and o programme of ongoing monitoring must be implemented to assess

change and guide future management,

The desk study should include a review of maps, aerial photographs, surveys, published reports {see References)
and any other documents that may reveal informafion relaling fo the past evolution of the shoreline, possibly
including records of storms, shoreline construction works or periods of intense human activities impacting on the
dunes {e.g. military exercises, sand mining, grazing). This information will help in understanding the present and

may guide the monitoring programme.

The baseline survey will establish the existing physical character of the beach ond dunes. It should be as

detailed as passible and may toke at least o year to complete.

Ongoing monitoring will include a subset of the baseline measurements and may include surveys at a range of
different frequancies {e.g. hourly waler levels, monthly walkover observations, seasonal profiling, annual cerial
photography, five-vearly bothymetric surveys). The monitoring programme must be appropriate to ihe site, cost

etfective, flexible and must provide the amount and qudlity of data required by the shoreline manager.
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This appendix sets out the reasons for manitoring, suggesis what should be measured, measurement methods
and frequencies, approcches to analysis and discusses monagement responses. The methads include details of
simple, low cost approaches and general guidunce on more specialist techniques. It is assumed that shareline
managers will furn to competent censultants and contractors if there is a requirement to use specialist
techniques. The appendix only covers monitoring of physical characteristics and does not cover any biological
or social menitoring approaches, although these may be equally important to the planning and implementation
of o dune-beach management programme.

2 Aims and objectives for monitoring

Menitoring must be driven by the need 1o provide appropriate data for shoreline management. There are

several stages in this process:

@ Understanding the past: short term fluctuations and long term trends in dune-beach evoluiion need to be
identified to understand the present and predict the future.

@ Identifying potential problems: monitoring allows significani change to be identified so that a reasoned
respanse can be developed and implemenied, for example, if dune erosion may lead to domage to an
important backshore asset.

@ Predicting the future: post and recent developments along the shoreline are a guide to the future evolution.

@ Monitoring management operations: feedback on beach-dune response to operations will guide future

management, possibly suggesting refinements or alternatives,

3 Priorities fer measurement

Each site will have specific aspects that require initial measurement and ongoing moniioring. In general the
level of risk to fixed backshare assets will control the level of monitaring. Polenlial loss of footpaths, rough
grazing or low value amenity areas may only justify investment in occasional visits by monagement staff to
observe or photegraph changes to the dune face. At the other end of the risk scale are high value assets such
as industrial facilities or residential developments. For these sites it may well be worth developing a programme
of accurate, frequent and high resolution measurements, including installation of wave/tide gauges and
meieorological equipment, commissioning of topographic surveys and aerial photography, and development of
computerised data storage and anolysis systems. The possibilities for measurement will almost always exceed
the budget, so priorities must be set.

118 The fellowing are presented in their likely order of priority for baseline measurement and ongoing monitoring of
an open coost sifuation:

@ Dune face position, rate and lateral extent of erosion, rate of dune recovery following erasion, and variability
of upper beach levels.

® Sediment distribution and variability, both spatially and temporally.

Water levels, nearshore waves and winds.

@ Geomorphology and ongaing evolution of adjacent cliffs, underlying fareshore strata and nearshore seabed
features.

@ Evolution of backshore dunes.

@ Nearshore currents {more important in and around estuaries).

® Variakion in backshore groundwater levels.

These priorities do not include biofogical or sacial monitoring, although these may be equally importent jo the

selection, planning and implemeniation of ¢ management programme.

4 Frequency, timing and location of measurements

Dunes and beaches evolve continually in response lo waves, water levels, winds, human acfivities, biological
processes, efc. Rates of change vary from the micro-scale of wave periods, thraugh tidal cycles, up 1o seasons
and beyond to decades. Micro-scales are of litle practical significance to dune management, so the most
obvious changes will be as a result of storms {ane or fwo days| or seasans {winter to summer]. These relatively
short term changes may mask the longer ferm evolution over decades. It is impartant that dune monitoring
recognises these different scales. Baseline measurements must establish the existing situation, including the
potential shorterm variability of that situation. Once variability is understood, monitoring can concentrate on
longer-term trends.




Far example, water levels change confinuously and the upper beach evels will change with every tide, while
the position of the dune toe may only change during storms. Establishing astranomical tidal elevations requires
several measurements per hour over a period of ot least one month using self-recording equipment. Establishing
the baseling for the upper beach may require frequent observations and elevalion surveys every month for a
year fo define an envelope of variability. The baseline for the dune ioe may require quarterly and postsiorm
surveys. Subsequent monitoring of the beach and dune face might bath relax fo twice yearly, while tide levels
will not need to be measured ogain {conlinuous manitoring would revesl storm surges and allow predictions of

extremes, but this is unlikely to be required for most dune management operations).

The timing of scme measurements is also importani, particulorly with respect to beach profile monitoring. IF the
intenfion is to measure the extremes of variability, surveys should be completed during or immediately afier
severe storms, when beaches will be drawn down, and also during periods of prolonged light swell and
longshore winds when both beach and dune face are likely to be fully recovered. However, if the intention is to
establish long term trends, the surveys should be undertaken when sea conditions are likely to show some
consistency. For example, the menitering programme might call for beach profiles to be completed within twe
deys of the peak Spring tides of every second month - this would allow seasenal variations 1o be established
ond year on year trends o be identified with minimal cbserver bias.

Location of each measurement must be considered far the same reasons as timing. Establishing trends requires
the surveyor to measure the same points or profiles on each occasion. Changes of even a few metres
alongshore in the location of o beach-dune profile may introduce uncertainty into the analysis, particularly if
there are any distinct features on the beach such as rock cuterops, streams or structures. Alternatively, if the
surveyor wishes fo establish potential variability during the baseline study, it may be preferable to shift profiles
or point measurements by a small distance fo record extremes of change, such as on areo of maximum dune

recovery or a scour channel caused by unusual wave induced currents.

5 Monitoring techniques - low cost approaches

5.1

5.2

Introduction

Dune systems are three-dimensional and irregular in form and do not lend themselves easily 1o analysis by
standard surveying lechniques. A sei of x,y,z co-ordinates tells little ahout the health or evolution of a dune
system, while a comparison of a number of such surveys to determine annual changes may be extremely
difficult because of the very irregular and dynamic nature of a dune field. When managing a dune system @
simple evaluation of the approximate exfent and frequency of marine erosion or accrelion is more impartant
than an evaluation of the detailed volumes. This sectian directs the shoreline manager towards simple but
effective techniques for monitoring using tape measures and cameras. Simple surveying equipment, such as
levels or Total Stotions, can be used for the same purposes if ovailabte, but this will require some additional

training in field methods and data processing.

Erosion of the frantal dunes often manifests itself as a distinct scarp line that is easily identified if the dune/beach
system {5 examined in crosssection. Changes ovar fime fo this cross-section, and the lateral exient of change,
will provide useful informatian about the dune evolution. IF the scarping is localised then the erosional
processes mus! also be localised, possibly a funnelling of wave energy due 1o the construction of graynes,
breakwalers or a ravetment. If the scarping is widespread within an estuary then erosion may he due o a
realignment of tidal ffiow channels. The intensity of erosion can clearly be related to the height of the scarp
relative to the total height of the dunes and fo the area of sand eroded to form that scarp. In terms of evaluating
dune evolution a combination of techniques is necessary to locate the erosion or ocerefion areas, quantify the

extent of damage, determine the likely causes and ta evaluate the rate of change.

Establishing beach zones

|deatly, management cperations require knowledge of tidal elevafions, the extent of wave run-up under normal
conditions and the potential maximum extent of run-up during storms. If data from a local tide gauge has been
analysed ta establish astronomical fidal characteristics {Highest Astranomical Tide, High Water Mark Ordinary
Spring Tide, efc.), these can be related to an Ordnance Survey bench mark and used o establish beach face
positians. Howaver, in most locations around Scoiland local tide data will not be available and the beaches
may well be remote from any Ordnance Survey control. in these situation dune management must rely on

intespretation of observations.




5.3
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equipment.

Seaweed and other flofsam will be left as o sirand line along the upper beach after each high tide. Regular
abservations of the position of the strand line can be used 1o establish appropriate locations for any dure
management schemes. The sirand line is determined by the combined effect of the fidal elevation and wave
run-up. The normal limit of wave run-up under high Spring fides, assuming moderale wave conditions, will
define the seaward limit of shoreline vagetation. Foredunes will begin to farm o landward of this line, but can
easily be destreyed during storms.

The limit of storm wave run-up on an eroding beach will be defined by the elevation and pasition of the erosion
scarp foe, though waves may actually splash: even further up the foce. Marram grass will not survive within this
storm inundalion area and therefore makes a useful indicator of the maximum run-up limit. Lyme grass and sand

couch grass will survive occasional inundation and may grow further down the dune face.

Occasional extreme events, combining a storm surge water level and severe wave conditions, will cause run-up
and erosion ever further up the dune face. The potential importance of defining these extremes depends on the
level of risk acceptable at the site. Sites with imporiant and valvable backshore assets may need 1o be
protected by substantial defences, and the services of specialist consultonts will be required to establish
appropriate design conditions.

Locating erosion areas

A reconnaissance survey should be made to identify obvious signs of dune retreat or areas of wind blown
erosion |blow-outs). Skefches should be made on an Ordnance Survey map at 1:25C0. local topographic
feotures such as footpaths, field boundaries, coppices or planted woodland shouid be used fo provide an
approximate indication of the localion ond extent of the eroded area. Details of ihe conditions in that area
should be set out en a proforma, an example of which is attached. It is important to nofe the presence of any

man-made features such as groynes, seawalls, cutfalls, etc. as ali of these could contribute to dune instability.

Signs of trempling by livestock or by man should also be recorded.

Fixed aspect photographs should be taken from features which are easily identifiable so that repeat monitoring
can be carried out (all photos must be dated and annctated to provide a meaningful record). Photos should
show the dune crest, face and foe in profile, plus any other interesting features observed during the visit. The
location of the photographer’s position should be noted and, if possible, clearly marked on site fo allow re-

estoblishment on subsequent visits.

At this stage it is worth sefting up several markers to be used as dafums for subsequent surveys. Marker posls
should ideally be made of 2m long pressure treated fimber posts {(60mm diameter] or scaffeld pipe driven at
least 1m into the beach at about 50m intervals along the tae of the dunes; the spacing may be greater for



systems with uniform alongshore features or less for smaller or more complex systems. Anather line of markers
should be set out 30m or so landwards of the first line in posifions that are safe from erosion. The posts should
be located as accurately as passible an a 1:2500 OS map, with the landward set infended to be used 1o
reposition the beach posts if they are lost. The distance and bearing from one to the other musi be noted along
with position relalive to adjacent sets of markers or fixed points within the dunes {pill boxas, fences, trees, etc).
Each marker must have a unique reference. Figures A1 and A2 illustrate the sef up of marker posts.

Surveys can be conducted in two ways. The simplest approach, applicable to small dune sysiems with minor
erosion problems, is fo hand measure offsets from the marker posts using a 30m fabric tape and o compass.
The distance and bearing to the dune toe, the highwater line and lo other distinguishable features {berms, spifs,
trash lines efc.) should be measured. A simple spreadsheet can be used to plot and analyse repaat surveys.
Where ovailable a simple surveyor’s level with stadia lines can be used effectively by a two persan team with
very limifed training. Elevalions and distances relative fo a fixed point can be recorded rapidly and accurately
(+/-2mm vertically, +/-200mm horizontally}.

Duna face Slorm run up limit

Strand line

Backshore marker st
well back from
eroding face

- HWMOST

Dune face marker
driven at isast
‘4m into the beach

Figure Al Dune profile showing possible locations for markers

More exiensive dune systems with important backshere assets at risk should be surveyed in greater detfail. A
Total Station con be used 1o survey profiles by a competent dune manager and an assistant after limiled
treining. Cross-shore profiles from the grey dunes down to the low water mark can be measured relative to o
line defined by o pair of well-established marker posts of known position and elevation. Survey linas should
generally be approximolely shore normal to limit the complexity of analysis. Spacings of 50m to 100m should
be sufficient to define changes along the dune system, with small bays and estuaries requiring closer spacing

than extensive open coost systems

‘Marker posts

v Rock headland .

50m
{approx.) Rock headland
iy
\\
™, .
\\ / Marked position Profile lines Marked positions
. s/ for fixed aspect within small bay for fixed aspect
Profiiz line pholographs pholographs
an straight
beach
Figure A2  Plan of dune face showing possible profile line layouts

Assistance from c trained surveyor may be required to establish the contral marker positions and elevations
accurately, but follow or surveys can be underiaken by o team of two nonspecialist persornel. Results can be
plotied, stored and analysed using o simple sprecdsheet, or more complex survey analysis software {Section
5.2 below).

Hand held GPS [Global Positioning System) equipment is net yet sufficiently accurate to allow for adequate
surveying, although future developments may alter this view. Differential GPS can be very accurate but will

certainly require the services of trained surveyors.
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5.4

5.5

5.6

Equipment
Once the marker posts hove been fixed the minimum required survey equipment is simple and portable,

requiring only one person [although it is recommended that two people work together for speed and safety,

parlicularly in remote locations):

50m fabric tape measure
hand held clinometer to measure slopes

comera with date stamp (digital or print film}, always use same lens and focal length {if variable)

e o 2 @

note book/monitoring proforma (example included)

@ hand held navigation compass.

Improved data can be obiained using a simple surveyor's level or a Total Stafion to replace the tepe and
clinometer. The cost of staff training and the additional fime spent setting up, processing data and transporting

equipment may not be justified for many sites.

IF marker posts are displaced by waves, livestock or people) they must be carefully re-established and their new
position noted. Markers used for Tolal Station Surveys should be re-surveyed relative to each other during
every field operation. This does nof take long and ensures that analysis will be based on @ valid datum.

Determining the likely causes of erosion

Having mapped out the erosion areas some prefiminary evoluation should be made as to the likely causes of
erosion. Wind data con be purchased from the nearest anemometer station and any pericds of high winds from
the main onshore wave generating directions highlighted. Records from the nearest tide gauge station should
e exomined for any periods of higher than normal water levels. This simple doia review should reveal the

recent periods of likely dune erosion.

It the records fail to identify any such events, other reasons for erosion should be corsidered. Natural reasons
for dune toe erosion should be abvious from the sile inspaction. For example, the undercutting of the dune foct
by meandering fida! channels within an estuary should be evident. IF erosion has been caused by man, and is
of a short term nature, this too should be obvious from the site inspectian. Longer ferm erosional trends may be
caused by structures interfering with the natural supply of sard 1o the dune area. Such structures could he
groynes located some distance from the site or possible underwater obstructions to send movement, Evaluating
the causes of ercsion may therefore entail discussians with adjacent landowners, local autherities, harbour

avthorities, etc.

Any coastal works in the vicinity of the dune system should be examined carefully to see if they may have
triggered off downdrift erosion. Changes in the land use should also be considered, including the possibility of
trampling, wind induced scour or overgrazing. If the causes of erosion have not been identified a revisit should
be made. Discussions should be held with local conservation volunteers, Council engineers, golf course

managers, fishermen etc. 1o obtain background infarmation about the area.
Measuring the amount of erosion

If erosion is not threatening to create a permanent breach in the dunes, or o serious loss of dune areq, no
capital works should be cansidered until a number of site surveys have been made over o periad of ot least two
winters. As noted in the introduction, change 1o the beach and dunes can occur over a range of fimescales.
The frequency of surveying must recognise this. Initially surveys should be undertaken bi-monthly, with
cdditional surveys following severe storms. Regular surveys should be completed at the same point in the fidel
cycle, 2.g. during Spring lides, and posistorm surveys should be complefed as close 1o the event as possible.
Ater the first year {say, six o ten surveys) the frequency can drop ta quarterly, plus post storm (say, four fo eight
surveys). After several years the surveys will have revealed the potential extent of short term change, and the
frequency can drop once more to early spring and early autumn, plus extrame storms {say, two io four surveys).
The liming of these ongoing surveys should be consistent in terms of the monih and the tdal state, perhaps
ideally the March equinox fide {erosion expected| and the first Spring lide in Seplember [accretion expected).
At this frequency the long term trends can be menitored, and cen be analysed with a well founded knowledge

of short term variation.



5.7

Measurements should give the bearing and distance to identifiable features from each datum. These features

will be some or all of the following:

L]
-]
o

The seaward limit of the yellow dunes

The seaward limit of the foredunes

The scarp slope or any identifiable part of the seaward face of the dune system

The boundary between different types of dune/beach system [i.e. the iransition between dune, shingle upper

beach, sand lower foreshore, muddy offshare zone, etc).

Having identified the various geomorphological zones, any change 1o their extent belween successive surveys

should be mapped. The horizonlal rates of change of the various boundaries can be calculoted and put into

context. Simple spreadsheet software or survey analysis packages will allow changes 1o be stored ond

presented effectively.

E

rosion Checldist

An indication of the severity and possible causes of erosion may be obtained from the following checklist.

Note: the values given are indicative only.

Measured Change/Observation

Comments/Possible Causes of Erosion

Less than 1m over o year at all points.

Erosion likely to be insignificent.

Over 1m between survays.

Erasion may be significant or may be episodic {cyclic}.

Erosion of the dune face sustained at 1m per year.

Erosion significant and possibly severe.

Erosion of the dune face at 1m to 10m per year.

Serious erosion requiring immediate attention.

Dunes badly frampled ot individual access points.

Localised pedestrian damage.

Dunes badly damaged over lorge dune area.

Serious damage due ta fourist pressure, livestack or vermin.

Discrete areas of dune face arosion.

Wind damage [blow outs|.

Dune face erosion over wide area.

Damage by wave actien.

Dune toe and upper beach erosion,

Damage caused by waves or fidal currents,

Upper and lower beach accretion.

Change of profiles in response 1o wave canditions.

Upper and lower beach erosion.

Severe wave erosion/meandering of fidal channel/impact
of coostal defence.

Dune scarp/exposure of marram roots,

Sustained recession of dunes.

Dune scasp covered by fresh sand accrefion.

Intermittent dune recessian.

Beach ridges/runnels moving landwards.

Recent beach build up, hence dune erasion may ba
temporary.

Beach ridges/runnels moving seawards.

Beach erosion continuing, hence dune recession also likely.

Beach salients.

Unslable conditions in an alangshore direction may result
in local and episodic recession in adjacent areas.

Groynes/breakwaters locoted vpdrift.

Beach may be affected by downdrift erosion.

River/training walls updrift.

Beach may be affected by a change in sediment supply.

Eroded dune surface but beach stoble/backshore
sand covered.

Wind induced erosion/pedestrian damage/livestock or
vermin domage.

Seawall remnents.

Evidence of long term erosion.

Groynes/seawall, ete. on lower foreshore.

Strong evidence of long term erosion.

Groynes/seawalls/sills at tae of dune but
recession continuing.

Inadequale defences/unusually severe wave/tidal
condilions.

Graynes/seawalls/sills of tos of dunes but
displaced or tilled over.

Unusually severe waves/tidal currents cauvsing structural
failure. Possibly poor initial design or poor foundations.

Erosion in one area of beach or sediment cell
matched by accrelicn in adjacent area.

Change in dominant wind/wave direction.

Erosion throughout frontage including non dune
areas,

Adjustment fo changed wave climate/lidal prism, not
related to human aclivities.

Severe erosion at structure failing off downdrift.

Lee side erosion caused by consial works.
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6. Meonitoring techniques - aerial photography

As @ compliment io the observationol and low cost approaches set out in Section 5, the mosi useful method of
monitoring dune morphology changes is by aerial photography. Prafessionaily flown, survey quality, cerial
photes provide excellent records of change and are vseful for obtaining an overal!l understanding of dune
systems as well as monitoring marine erosion. Hand held pholography or video taken from a small plane at low
altitude can produce very ussful qualitative information. As an alternative there are o number of companies

offering the services of model aeroplanes equipped with survey cameras.

Photogrammetric meesurements of erosion or accrefion require the services of specialist aerial surveyors,
Colour photes of o scale of about 1:5000 taken with appropriate overlaps will dllow photagrammelric analysis
to produce digitel ground models, from which changes can be maasured [+/-100mm resolution).
Photogrammetry requires ground control points that are carefully surveyed for position {x, y, z), visible from the
air and can be replaced ot the exact pasition for subsequent flights. There are numerous gerial survey
companies around the counlry who ars oble fo provide a professional service, although it may be difficuli o
obtain compelitive guoles for work in more remote areas. Flights should be underiaken annually ond close to
the some dates and fidal conditions to allow easy comparison. Clear weather and good fight are required for
best results. Tide levels should be below mean low waler to allow important pracess information to be derived
for the beach as well as the dunes. Whers small dune systems are to be monitored it moy be sensible 1o survey

several sites during a single flight.

7 Measurements of the physical environment

Monitoring marphological change is useful to maintenance operations, but does not allow for improved
farward planning of dune management. Additional meteorological ond sea slate information is required fo

understand the processes leading fo change.

Some processes are oclive over a very leng lerm. These include changes in relative sea level, changes in the
tolal volume of sand available to the coast [due to parlicle degradation, cliff erosion or losses to offshore sinks),
or changes in climate. Measurement of these processes is undertaken under regianal and national research
programmes and can aot be effectively oddressed ot a local level.

Other processes occur over fime scales that can be measured, including fides, storm surges, winds and waves.
Some, or all, of these mey be measured regionally and managers may be able to access the information from

port managess, coast guard siakions ar the Meteorological Office. However, dune systems can be influenced
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by processes that are site specific: winds are influenced by local iopography and exposure directions; storm
surges measured af the nearest port tide gauge may be quite different in character within an embayment 60km
away; and waves are strongly affected by local wind, bathymeiry, currents, and by exposure to the open sea.

If the shoreline manager wanis fo measure local conditions 1o help understand specific dune responses, it is
quite possible to deploy lide gauges, cnemometers and wave monitors. However, the costs for a low
maintenance system that can telemeter real time data direct 1o o shore based PC for processing, anclysis and
storage will be high, while the quality of data retrieved from a low technology, labour intensive system may be
too poor fo make the effort worthwhile on a long term basis. Speciclist advice on appropriale technology must
be sought on a site by site basis.

As an alternative to deploying wave monitors, which ore the most costly and difficult of the instruments, it is
possible to get high quality predicted wave information from the Met Office for offshore points all around the
UK [ond Euvrope). The offshore data can be transferred inshore using a numerical transformation model for

analysis in conjunciion with observations and aerial mapping.

Tide information can be derived from a regional tide gauge provided that local information is available to
determine oppropricte time and range corrections. This local infarmation is best ablained by deplaying o tide
gouge close 1o the site for a period of at least 4 weeks (two fidal cycles} for comparison with the regional
gauge or for computer analysis fo determine harmonic constituents. The fermer is a relalively simple operation
and the analysis can be done without specialist help, while harmonic analysis requires appropriate software
ond knowledge. Anclysis will provide adequate data to delermine local fide levels, but will not be reliable for
storm surges; only long term [i.e. 10 years plus| local measurements will provide information on potential

maximum surge elevations.




8 Data Storage and Analysis

Data collected must be stored effectively if it is to serve any long term purpose. Clear records thai can be
retrieved and interpreted by others should be kept. Spread sheets should contain sufficient header information
to be of general use, rather than simply presenting a series of numbers. Full use should be mode of comments
recorded in field note books, as data analysis may not take place for months or even years after collection,

when memories of site observations are no longer reliable.

GIS [Geographical Information Systems| packages offer convenient data storage, analysis and display systems.
However, setting up an effective GIS is o specialist and coslly task, and requires ongoing management to obtain
a useful return in the future. ltis likely that @ GIS would enly be cost effective if maintained on a regional or

even national basis, including oll of the dune systems of interest in Scotland.

Having collected and precessed field data on an apparently eroding dune system, the manager may feel that
action is vital to prevent further delerioration. As discussed earlier, unless there is sirong evidence that erosion is
ongoing over af least several years, it will be prudent to wail before committing lo any more than minor
mointenonce work. The shoreline is a dynamic zene, and erosion can revert fo acerelion, moking the managers

efforts redundant.




Dune and Beach Moniftoring Proforma

Lecation Observed by:

Grid reference From: To:

Date: Time: Tide range: Tide level:
PHYSICAL CHARACTER COMMENTS

Forashore

Sand Shingle Sa/Sh

Cobbles Boulders  Rock

Salt Marsh  Mud Shells

Other:

Forashore Processes

Eroding Accrefing  Stable

Severe Moderate  Low
Wave Tidal Wind
Backshare

Grey dunes Yellow dunes
Machair  Links
Wooded  Grassland
Other:

Backshore processes

Eroding Accreling  Stable

Severe Moderate  Low

Deflation  Frontal
Blowout  Trompling

Causes
Waves Wind Currents
High water Pedestrions
levels

126 livestock  Vehicles Rabhbits
Other:
COMNSERVATION INTERESTS
BRE] AGLY SAC
SPA RAMSAR  NNR
LNR GCR NCR
Other:
LAND OWNERSHIP/ISSUES
Residential  Indusiry
Tourist Censervalion
Rood Reil
Farming Caravans  Golf
Forestry MQD Recreation

Other:




Dune and Beach Monitoring

COASTAL DEFENCES

Re-planting Thatching Fencing

Beach recycling Sandbags

Beach recharge Guabions

Arfificial headlands Nearshore hreakwalers
or reefs

Graynes Beach drainage

Rock revetment Timber revetment

Impermeable revetmeni  Seawall

Oither:

Condition/Impact

Good Fair Poor Bad

Downdrift Drawdown

Action required Immediate <1 year < 5 years > 5 years
Field measurements Details of measurements, phato, location, efe.

Photagraphs Tape survey

Aerial survey Full survey

Sketch/Other Notes {include wind speed, wave height, wind direction and wave direction if erosion is aclive during observation)




Dune and Beach Monitoring - Tape survey record

Shoreline feature Marker Distance Bearing Comment
Ref. from from
marker marker
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