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Summary

The northern part darmouthBeach has experienced sediment loss and falling levels for
decades, whereas the southern platth® beachhas experienceskediment ecretion and

rising beach levels, especialgince construction of a causeway across the former Bar Bach
channeko Ynysy Brawdin theearly 1970s. Rising beach levels h&aeoured colonization

by vegetation and growth of dunes which has required management by Gwynedd @ouncil
maintaintheamenity beaclareaandaccesdo the RNLI station. However, tHevel of the

dry sand beach between the dunes has continued to rise and now lies above high water spring
tide level, with a large area above the level of the highest astronomical tide. This area is
subject to high rates of wiblown sand transport during periodssifong winds, notably

from the nortlvest and westyvhensandpiles up against the promenade and spreads across
the promenade, road, and beach car park, sometimes reach@antbheian Coast railway

line. Historically, Gwynedd Council has clearée sand fronthe promenade, highway and

car parkbefore the beginning of the sumnssrason. Stormier than average conditions during
the winters of 20134, 201415 and 20186 substantially increased the requirement to clear
sand, and the problem may be expectecettnine worse ibeach levelgontinue to riseand
stormy conditions continue or become more frequent due to climate charepguifement

has been identified to develop a more sustainable sokatithe sand management problem

A Barmouth Sand Managentdprojectscoping documemwasprepared » Gwynedd

Council in April 2016. This documeset out the proposemtoject approach and identified
some initialpotentialfuture managememiptionsfor discussion amongst members of the
Sand Management Group anthet stakeholdersKkenneth Pye Associates Ltd was
subsequently engagedreviewof the physical processes arstentgeomorphological

changes in the argt evaluate the feasibility of the initial optioidgntified in the Gwnedd
Council report, and torppose modificationand br additional options for discussion in

order toassist the further development of the Sand Management Pildpsteport presents
the results of that assessment. It is concluded that removal of the Ynys y Brawd causeway
and repening of the Bar Bach Channel would not be desirable or feasible on technical,
environmental or economic grounds. It is also concluded that a camppproach involving
loweringof parts of the beach and localised excavation to enlarge and deepestiag exi
shallow channel to the north of the causeway, combined with limited extension of the two
existing dune outer dune ridges to provide a more effective wind barrier, would provide a
solution with multiplebenefits at realistic cost. Threcommended aph would maintain
access from the RNLI station to the sea, would not completely block sea views from the
promenade, would maintain a large area of dry sand beach émitgrase with the addition

of a shallow, enclosedlthing aredollowing inundation byhigh tides, wald create

additional areas dfigh value sand dune habitat, and would provide some coastal flood risk
management benefits. Sand made available by lowering the general beach level in front of
the promenade and excavation of the shallow mblkand associated pool could be used to
build the additional areas of dune, and/or it could be transported northwards to nourish the
eroding beach north of the Min y Mor Hotel.



1.0 Introduction : scope and pirpose

This report was commissioned by the Wated Environmental Unit of Gwynedd Council to
inform the development of the Barmouth Sand Management Project. The northern part of
Barmouth Beach has experienced net sediment loss and falling levelfoa century
whereas the southern pafitbe keach (between thdin y Mor Hotel and Barmouth

Harbour) has been experiencing sediment accretion and rising beachdepelsally
following the construction of a causeway across the foBae Bach channel in the 1970s.
Since that timdeachlevelshaverisensubstantially and a large area now ké®ve the level
of thepredictedHighest Astronomical Tide (HAT). This has favoured colonization by
pioneer sand dumvegetation and the growth adiiinessince the late 19903 he spread of
dune vegetation hdsen controlled by Gwynedd Council, partly to maintain a largea of
amenity beach and partly to prevent obstructioth@RNLI station. Consequently a wide
expanse of highnfostly above HAT leve))dry sand beacis exposed to wind actiouring
periads of stroig winds,mostnotably from the nortlvest and west, sand is blown onto the
promenade and beach car park, on occasions reaching the Cambrian Coast railway line.

Historically, the blown sand has been cleared from the promenade, higindasar pek by
Gwynedd Councibefore the beginning of the summer tourist season. Accumulations of sand
on the seaward side of the promenade have alsockesmed and the sand depositader

down the beachear the high water marRccumulations of blown sand a@he railway line
have beertleared by Network Raias requiredStormier than average conditions during the
winters of 201314, 201415 and 201586 substantially increased the requirement to clear
sand, and the problem may be expected to become wdesacih levelsontinue to rise and
stormy conditions continue, or become more frequent due to climate clanggponse to

this situation, there is a desire to develop a rsastainable solutiofor the longer termA
fiBarmouth Sand Management Progestoping documenprepared by Gwynedd Council

and the Barmaih Sand Grougn April 2016, set out the proposeatoject approach and
identifieda number of potential optionkenneth Pye Associaes Ltd (KPAL) was
subsequentlgngaged to reviewhe physical ppcesses and geomorphological characteristics
of the areaand toassesshe practicality of th@ptionsprior to further discussion with
stakeholdersThis report provides a summary of this assessment.



20 Methodsand data sources
Severalpproacheanddata sourcebBave been used in the assessment, including:

1 Review of background published and unpublished literatamed information
documents/ data provided by Gwynedd Council

1 Examination of historicalOrdnance Survey (OShnaps, aerial photographs and
Admiralty charts

T Analysi s of water | evel d at amofitln, availabledm C| a s s
the NTSLFwebsite

1 A site visit on 30 August 201@ee photographs in Appendix 1), and comparison with
notes / photographs taken during a previous sigsi wn early February 2014
(photographs in Appendix 2)

1 Analysis of LIDAR dataacquired during thegsiod 2003- 2015

1 Analysis of the results of an airborne drone survey commissioned by Gwynedd
Council and undertakeon 16 June 2016 (including colour imageand a digital
terrain model produced by photogrammetry)

1 Sedimenwolume calculations to quantibhanges in the beach and dusese 2003

1 Estimationof the potential quantities of sediment which would need to be moved in
association with a number oiffégrent beach management options

Historical maps and charts covering the period 1833 to the présgether with historical
aerial photographs, weexaminedor evidence of chares in coastal morphology, sea
defence structures, bare sand area andatgedunextent LIDAR survey dataobtained in
2003, 2006, 2013, 2014 and 2015 were obtaimeter Open Government licence. After
initial assessment of data extent and quaditgecision was made to use the 2B 3and
2014 LiDAR datg together withdata froman Unmanned Aerial Vehicle (UAV) survey
commissioned by Gwynedd Council in June 2016, to quantify changes in beachtigakls
contour positions, and beach addne sediment volumeA&ll data wergrocessed and
manipulated usig the Golden & f t w a r e pragr8nontesincespedially written macros in
Miscrosoft Excel.

Error analyses wengerformed by comparing elevations for the thtd®AR surveysand the
UAV surveyon the aeas of hard surface (car parkdong the length of the frontag¢o
independent RTK GPS survey data were available for comparison, but the elevations quoted
relative to Ordnance Datum Newlyn (ODN) are likely to be aateuto within +/10 cm.

Only very small differences &cm) were found between the 2013 and 2014 LiBAR/eys,
for which good ground control appears to have been availEie2003 LIiDAR data were
found to showaverage elevation differences 64 cm and15 cmcompare with the 2013
and 2014 survey data, respectively (Table 1). As the later survegoiveetter quality and
had better ground controhe 2003 data were adjusted upwards by 15cm to a@ioare
meaningful comparison of relative height and sediment volume change over the period
200313 and 20034. Comparison for reference areas betwinen2016 UAV survey and the

5



2014 LiDAR survey indicated averagkevationdifferences of +5cm, +7 cm and 9¢iable

2), respectively, so the UAV dateere adjusted downwards usinglaping surface
interpolation model to allow a ket comparison of releve change compared withe

LIDAR surveys An estimate of the potential errors in calculated sediment volume for each
survey, and for the change between surveys, was made using assxa#gdreerrors of +/

10 cm associated with eastrvey.



3.0 Environmental background

Barmouth beach, locatedo the north of theMawddach estuary on the eastern side of
Barmouh Bay, forms a broadly triggular accumulation of sand and some shinglach
widens towards the stu The beach is exposed to béahg periodswell wavesand shorter
period wind waves from the southwest, and to wind waves from the west and northwest.
Some shelter from northwesterly storm waves is provigethé Sarn Badrig boulder ridge
The dominanhet sediment drift dection in the nearshore zone wittBarmouth Bay igrom
south to north, but ithe intertidal zone there is a sediment drift divide just to the north of
Barmouthwhich gives rise to net southedgdimendrift along Barmouth beadfirigure 2a)

The Mawdlach estuary haa small ebb tidal delta formed loyteraction between tidal flows

in and out of the estuaand littoral drift Most ofthe estuary is flood dominant and has acted
as a sink for marinand fluvial sedimens throughoutthe later HolocenéLarcombe &Jago,
1994, 1996)However, ebb tidal flows, reinforced by river discharge, play an important role
in maintaining the low water channels within the estuary anetidhbdelta.

The Mawdlachestuary is designatems a Site oSpecial Scientific Interest (SSSI) anda
Special Area of Conservation (SAC), while the adjoining marine area forms part of the Lleyn
Peninsula and Sarnau SAC (Figure 2b &Mpst of the beach above meaghwaterand

the dunes have nmature consenten designationHowever the dunes, consisting eémi
mobile foreduns and areas oémbryo dunes andare priority Biodiversity Action Rn
(BAP) featurs which arenow relatively scarce in Waleand across Europ&he beach is

also anasset of highpublic amenityand touristic value which contributes significantly to the
local economy

Much of Barmouth (excludingOld Barmouthwhich is locatedon solid rock andrising
ground behind the Harbour) limiilt on windblown sand and underlying beatdpositsvhich

form an elongateuspate feature at the foot of steepsing giound behind (Figure 3). Before

the construction of the promenade in the 1930s, and subseguesituction of housing
estatesa significant areaf partially vegetatedsemimobile duresexisted Benoit (1955 p.

116) noted that much of the original dune botanical interest had been lost due to building of
the promenade between the wars and the Coun
of the ol dDynésaemaired ih éhaneg mow occupied by theach car park and
sailing club until thel960s, but have since been covered by asphdltancrete. Duringhe
National Sand Dune Vegetation Survey in the late 1980s and early 1990s, no significant
dunes were recorded at BarntoyDargie, 1995). However, in a survey of dunes of potential
flood risk management significance the period 1992003 dunes were identified at
Barmouh and designated as Site No. 86b, which, together with Site 86a (Fairddime
Wen), comprised the wddach Estuary dunes (Pgeal, 2007).

Barmouth experiences a mean sprimigitrange of approximately 413, and a wide
intertidal zone is exposed at low tide, especially along the southern part of the fra@age
level of the predicted Highest Astronical Tide (HAT) is 3.26 m ODN (Tabl8). This is



approximately 225 cm below the level of the predicted 1 in 1 year extreme water éel,

on average the upper beach carkgected to be covered byrge tide®n a small numbe

of occasiongach yar. The 1 in 10 year high water level is estimated to be between 3.83 and
3.93 m ODN (Table 4). Thisvo highest still water levelrecorded at the Barmouth tide

gauge, which has a fragmentaegard extending back to 199%%othreached.92 m ODN

on 10 Féruary 1997 an@ January 2014Table 5). Seven tides exceed®§5 m ODNhave

been recorde(Figure 4).A number of photographs taken in early February 2014 following a
series of storms and high tides are shown in Appendix 2.

Recent rates ofes level ise are not well documentédWest Wales. Based on the

fragmentary Barmouth tide gauge record, which should be viewed with caution, mean sea
level (MSL) has been rising at 4.2 to 5.0 nymsince the early 1990s, while meaigh water
(MHW) hasshowna slover average rise of 2.2 miym (Figure 5). The apparent rise in mean

sea level is strongly influenced by low water levels which, since the tide gauge is mounted on
one of the piers of the railway viaduct inside the estuary (Figure 3), are influencedrby riv
flows and lags associated with the flow of the ebb tide through the narrow estuary entrance.
The apparent lower rate of rise of recorded high waters probably provides a more
representative guide than the apparent trend in mean sea level, and iseofsigedicance

in terms of coastal flood risk management.

The UKCPO09 climate projectionsuggested a possibise of 6188 mm by 2016, 120 mm

by 2030 and 196 mm by 20%Medium emissions Spercentile model output valueEable

6), butmore reent climate modelling results sugg#dstse may be over estimatdsttle

confidence can be placedtime UKCP0O9model forecasts of future changes in wind/wave
climate and storminesbut updated climate change and sea level rise forecasts are scheduled
to be publishedrom 2017 onwards



4.0 Historical coastalchanges

The earliest usefuhart of the Barmouth arglay Lewis Morris dated 1748 (Figure,8hows
two main channels at the mouth of Mawddach estuary, runaitng north and suth of

Ynys y Brawd. The nortbhannel is showto takea northerly course close to the shore
which lay landward of its present posititmthe north of the point where the Bath House
Café is now locatedyefore swingng northwestwards towards the opea.s& cuspate
foreland feature, capped by sand dumeshown to the northwest of Barmouth Old Town. A
guay existed at this time in approximgtdie same position as the pasquayFigure 7),
but extendd further towards the northwest, running alorime close tahe present high
street Historical accounts suggehiat ravigationto the harbour wasftendifficult dueto
shifting sand banks and baend limited shelter from storm waves (Davidson & Roberts,
2005).Small boats of up to 27 tons areoeded as trading from the towneexly as 1566,
and Barmouth developed asignificant shigbuilding locationbetweerthe mid18" and
mid-19" centuies Barmouth also started to become popular with recreational visitors in
Georgian times; the first BaHouse was built in 1805 and was enlarged during Victorian
times. The opening of tteambrianCoast Rilway in 1867, following construction of the
viaduct across the Mawldchestuary greatly ncreased the number asitors and led to the
construction bseveralmorehotels boarding housesndpublic amenity buildings.

Following the Barmouth Harbour Improvement Act of 17@rovements wermade to the

quay and associated buildings, andreakwatewas built on Ynys y Brawd tprovide more
shelterfor the harbourAccording to Davidson & Roberts (2005)¢ was completeci1802

at a cost of £166MHowever,Gwynedd Council (1998) stat¢hatthemain Trywyn y Gwaith
masonry breakwatavasconstructed between 1826 and 18dmarily toregulate

movemaet of the South @annel The First Edition Onénch Ordnanc&urvey map of the

area surveyedn 183335, showstwo narrowbreakwagrs forminga y-shape in plan view

with an arcuate linking structumn the landward sid@-igure §. The 1843 edition of

Admiralty Chart 1487, surveyed in 1835, also shows two relatively narrow structures labelled
as O0groinsod, par teiceattal pgrtiob (Figure®HbwdverthesFash d i n t h
Edition OS Six Inch map, surveyed in 1887, shows a much larger stratimeyn y

Gwaith, supporting the suggestion that this was constructed afterTt83Smaller curving
structue on the landward side of YnyBBrawd, shown on the first OS One Inch map

(surveyed in the early 1830$he 1897 Six Inch mafFigure 10 is suggestedy late 19"
centuryground photographg¢Figure 1) to be a masonry wall, now buried by dune sand.

The First Edition One Incimap also showa cuspate sedimenyeforelandlying in front of
steeply rising groundlong the central part of the Baouth frontageThe beach is
representedchematically buappears to be relatively widacreasingn width towards the
south A large part of this original cuspate foreland has since been lost to coastal erosion
(Figure 8.



The Admiraltysurveyof 1835 shows a weldeveloped eblidal delta at the mouth of the
Mawddach, with a significant low water channel (labelled the N.W Swatch) runnaig\iv
I SE directiomwayfrom Barmouth Harbour(Figure 13. A small area of dnes is indicated

on the landwat side of Ynysy Brawd, partially burying the breakwaternithad b an k o f
st ones, c o extendngseavardsktbWards the beacon (a replacement of which still

exists).

The First Hlition Six Inch @dnance Survey map, surveyed in 1887, and an AdiiypiChart
based on a survey in 1892, bstiow that the northerrhannehad experienced shoaling,
with no clear connection tohe seat low water(Figures 10& 12). A bar (Bar Bach) had
started ® grow across the mouth of the Northa@nel east of Ynyg Brawd.

Significant erosiorevidentlyoccurred between 1835 and 1890 alongnitvhern part of the
Barmouthfrontagen or t h ofi npbep@b and Recreation
point erosion wamuch less severg@ossiblypartly due to constiction oflengths of ad hoc

sea defences

The Scad Hlition OS Six Inch map partially resurveyedin 190Q shows relatively little
change since 189Figure 1), although erosion continued on the northern part of the
frontage By the late 1920s theaty ad-hoc sea defencegere falling into disrepair, and in
1930 Barmouth UrbaDistrict Council commissionechprovementsvhich consisted of 48

Grour

timber groynes andsloping / stepped revetment extending 1.5 miles from the Quay, south

of the Bath House, tthe northern end of the present promen&amstruction of the
promenade itself followeshortly afterward¢Gwynedd Council, 2016As a result of these
works the high water mark was pushed seawards and significant areas of beach were
reclaimed between érailway station and the Bath House.

Aerial photograhs dated 1940 (Figure 14), 1941 (Figure 15) and 1950 (Figiyrarida
Revised Six Inch OS map which includedbw water survey in950 (Figure 1), suggest
that thenorthern Bar Bacl) channelwas & that time not continuous to the sdahelevel of
mean low water (MLW)although a shallogr channelbove this levehpparentlyextended
almostparallel to the shore as far as the drainaige opposite the Recreation Grourithe
shoaling of the Bar &h Channel in the later #@nd early 28 centuriesmay have been
triggered by the construction of tMawddachrailway viaductin 18667. Thisfixed the
main lov water channel of the estuaripse to the Quay and made it more difficult ébb
tidal flowsto turn sharply to the northwest intiee North Channel and encouragetreflow
through theéSouthChannel on the south side of Ynys y Bravi@h¢rdine Management
Partnership & Posford Duvivier, 199Gwynedd Council, 1998 owever other
contributingfactorsmay have includedonentration of flood and ebb flow through the

South Channel ¢éoihgwi og t henbélsiheingyn yGwaiht r ance

side and the Fairbourne sjdad increased rates gbutherlylittoral sand drift alongthe
Barmouth frontagassociated witlanincreased frequency / magnitude of northwesterly
winds andwvavesin the late 18/ early 20" century and the effects of seawall construction
and land claim along the Barmouth frontage from 1930 onwards
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In 199 there was relatively little developmebehind the promenade southB#rmouth

railway station although areas to the north had been builfFogures18-22). Shortly after

this dateconcerns were expressed about falling beach levels in front of arsettiertical

sea wall at the northern end, and in 1956 the wall between groynes 25 and 34 was provided
with strengthened toe protection using sheet piling encased in cofteveteedd Council,

2016) However, the beach south of Min ydviHotel maintaine@ healthy width and height
(Figure 23. An aerial photograph dated June 1962 shows a relatively wide dry sand beach to
the northwest of the Bath House, and around the breakwaters on Ynys y Brawd, although no
vegetaed dunes are evident (Figure)23

An Admiralty chart published in 1967, basedasurvey in 1964, shows exposed groynes all
along the fontage and a narrow bigtentifiable low water channel (Bar Bach) extending
from the Harbour to the sea (Figuzd). An aerial phoograph dated O April 1971 indicates
that the channel was relatively wide but shallowadds its seaward end (Figurg) 2A small
area of partially vegetated duneshown adjacent to the breakwater on Ynys y Brawd.

In the period 19702 rock was used to build a causeway, toppga concret walkway,

across the Bar Baclinannel between a point north of thld Bath House and Ynys y Brawd.

A wave return parapet wall was constructed between the causeway and the north end of the
promenade, many of the groynes were rebuilt and 808of quarried granite was placed to
nourish the beach at the northern end (Gwynedd Council, 2016).

In June 1973 a relatively wide, shallow ohal still existed on the northeside of the
causeway, linked to the sbg another shallow channel haviadNESW orientation (Figure
26), but this progressively filled with sediment during the later 1970s and 1980s. In 1981
further work wasundertaken to strengthen thewipn y Gwaith breakwater at the southern
end of Ynysy Brawd. A stepped concrete revetmend three groynes were built on the
seaward side, the level of the connecting causeway was raisadvand return parapet wall
built to match the one constructed along the promenade ir24072 1983 further
improvements were made to the seawalhatrtorthern endf the promenadby extending
the wave return parapet to provide greater protection to the railway level crédsoaiy.s
were also made in 1984 to the wall between groynesZZand 29B33A, but owing to
faults in design and construatidurther repairs were required in 1990 (Gwynedd Council,
2016).

The construction of the causeway greatly reduced the tidal scour in the former Bar Bach
channel, and by 198&6e northern pattad become completely &t with sediment (Figure
27), and poblems of blown sand incursion onto the promerfaattbecoma matter &
concern(Robinson Jones Partnership Ltd., 198He levels of the southepart of thebeach
continued to rise during th@®20s and early 2000s (Figures 28 &.Zbhe first poneer dme
vegeation began to appear arouth@ year2000and by 2006 significant areas of low dunes
had developed to the southtbé Min y Mor Hotel and on the western side of Ytmg/s y
Brawd causeway (Figure BOThe extent of vegetation cover continued twéase over time,
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despite heavy visitor pressure and control measures undeligkéwynedd Council
(Figures 31, 3233 & 34).

Digital elevation models (DEMs) constructed from the February 2003 and March 2014
LiDAR surveys(Figures 35, 36 & 37and the dne 2016 UAV surwe (Figure 38, have been
comparedo quantify changes in the positions of tidal contours and sediment volumes
between thaurvey dates. Also shown ongiires35, 37and 38are profile lineswhich have
beenused to quantify changes iald contour position. Figures 36 and péovidecontrast
enhanced versiaof the 2003 and LIDAR an@016UAV DEMs which show more clearly
the subtle topographic variations which exist onsiigthern part of theeachbetween the
two dune areagCurving lowamplitudebarscan be seeaxtendng in both directions towards
a shallow channel located in the central pathefopen beacarea separated by a shallow
channelhich allows tidal waters to reach slightly lowbfing areas othe beaclbehind
duringextreme high tidesOwing to the absence aseawad gradient these low areas
sometimeaetainwater for several weks following a surge tidgeand/ or during periodsvhen
thebeach water table gh following periods of sustained rainfall

Theoverallnet change in surface elevation between February 2003 and June 2016 is shown
in Figure 40 Changes in beach levelthe profile lines P1 to P11 are shoumnFigure 41

and movements of tidal contours atewn in Figures 42, 43 & 4Bhe main changes cae b
summarised as follows

1 landward rollover of the shingle beach towards the railway line north of the North Car
Park(accomplished in large part during the stormy winter of 204)3

1 sediment accretion on the upper beach above the MHWS line in front of the
promenade north of the MinMor Hotel

1 sediment accretion across most of the beach above MHWS afottile Miny Mor
Hotel

1 sediment erosion from most of the beach below MHWS along the entire frontage,
except where sand ridges have changed positidtheoforeshore

1 significant sediment accretion within the dune areas (above the level of HAT)

1 Sediment accretion within the intertidal area on the southeast side of the causeway
(much of it due to deposition of sand blown over the causeway)

1 sediment erosiomwith the Harbour

1 localised surface lowering between the northern belt of dunes and the promenade
(probably due largely to beach management works)

Theposition of theHAT contourwas either stable or showed a slight seaward movement
along the northernral central parts of the frontage (profiles P1 to P8) and a large seaward
movement at profiles P9 and P10 north Ynys y Brawd (Table 7). The MHWS contour
showed a broadly similar pattern although the seaward movemenbnsiderably less than
that of HAT (12 m and 6.2 m at profiles P9 and 1By contrast, the MHWN contour
showed a net landward movement at nodshe profiles, including those in the south; i.e. the
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active beaclshowed a tendency fsteepening apreviously reportedn the 1980s and 90s
(Shoreline Management Partnership & Posford Duvivier, 1@898;nedd Council (1998).
The OD and MLWN tidal contours show a more complex pattern of varjagigrtly due to
theeffect of migrating ridges and runnels

Changes in the sedimemlumeabove eaclidal contour are summarized or the North Beach
and South Beachreas in Tables 8 and 98 North Beach above the levelsldAT, MHWS

and MHWN experiencedmall increasem sedment volume (12 x 16 m®) between 2003

and 2016, wheas the beach below MiN experienced a net loss of approximately 20 % 10
m®. The South Beach showed a net ovesatlimengain of 90 x 1&m® above HAT level

(much of it in the dunes), a net gain of 19 X & on the beach heeen MHWS and HAT,

and anet loss of approximatgl4 x 16 m® below the level of MHWSThe defined area of

the Harbour on the southeast side of the causeway showed a small net gain in sediment

volume at all tidal levels (total of 12 x if°, Table 10).

The increase in dry sand beaaleaabove MHWS lgel afterbuilding ofthe causeway
increased the potential source @@awindblown sand transport, and alswreasedhe
requirement to clear sand from the promenade, car park, sailing club and railway line
(Gwynedd Council, 2016)While sand can benobilised by winds from any directipn
incursion onto the soughnpartof the promenade is most frequently associated with strong
winds from the northwest and weshich blow across a long fetch unobstructed by dunes
(Figure 45. The most severaeoliantransport conditions occur whetrong winds occur
without rain, and when thedes are relatively low. reme high tides covehe upper beach
with water and large parts df¢ beach may remain wet for several weeks during the winter
and springwhen tenperatires and evaporation rates egtatively low,rainfall more frequent
andthe beach water tabtelatively high. As the beh sand igelatively fine and well sorted
(typical modal size of 200250 um),it is easily entrained by the winghen dry andhot salt
crustedPyeet al, 2007 Pye & Tsoar, 2009
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5.0 Potential future managementintervention options
5.1 Initial options identified by Gwynedd Council

The Barmouth Sand ManagementjBcb document prepared by Gwyrke@ourcil and the
Barmouth Sand Grouf2016) identified four initiabptionsfor consideration

Option 11 AContinue as we aoe continue to try to find funds to remove sufficient sand
annually to mitigate the problems as far as possible

Option 2i fAllow the foredunes to link up across the beach, and potentially reclaim the area
behind as amenity spate

Option 3- fiRe-establish the North Chanmel

Option 47 AA mix of Options2ad3t o al |l ow a more Onatural 6 de:
the beachscape, so encaging dune growth while allowing the North Channel to try to re
establish itseld .

Under Option 1, Gwynedd Coundgpotentially with partnersyould continue toclearsand
from the promenadéighway, car parland areas immediately in front of the wae&urn
parapet wall ahbeach access ramps, prior to the beginning of each tourist season,asd/or
required

Historically the sand has been moved and depositsé ¢to the mean high water mafiom

where much of it has been transported back ontagper beach within ahert period of

time. Some sand has also been blown théoharbour. Sand which has crossed the car park

and onto the railwalne has been removed by Network Rail witensidered necessy;

some of the sand has been placed adjdaoghe lineand some remove&wynedd Council

have also actively managed the lateral spread of sand dune vegetation in order to maintain a
large amenity beach area with clear views to the sea, and an unobstructed passage to the sea
for vessels based at tRINLI station. Marker posthave been placexh the beacko mark

limits where dune development Haeen considered acceptable.

While continuation of the present management practices is tetthfiézsible, it is likely to
involve increasing costnd maybecome unsustainabilethe future. There will also be a
continuing safety risk associated with the presence of @atice promenade and highway,
problems of blockage to drainage and continuing sedinfegwosition within the harbouls

a decision has eady been made to segknore sustainable alternative, this opitds not
considered further in this reppdithough it is recognised that continuation of the present
management regime may be required during the development stage of any new measures
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Under Option 2, attempts to control the spread of shwmelld cease and a more extensive
foredune ridge would be allowed to develop (either naturally or by artificial encouragement)
at the seaward end of the operabh area in front of the lifelt statian. It is assumed that a
break in the dune ridge would need to be maintained to allow lifeboats to reach the sea, and
the elevation of the dunes might need to be managed in order to allow visual monitoring. The
objective would be to trap winttbvn sand cloar to thenormal high water linetp reduce the

wind speeds across the area of flat beach behind the dunes, which would continue to be
available for amenity use, anddignificantlyreduce the quantity of sand reaching the
promenade and causewajnder ths option, multiple benefits could potentially arise (e.g.
habitat gain and increased storm protection, in addition to decreased requirement for annual
sand shift and highway cleaningg.number of variants of this option are considered in more
detail below

Under Option 3, the areal extent and elevation of the dry beadtile reduced by
excavating sand to restore the femBar Bach ChannelThis would pdentially create a
wide area of moist sand with a much lower potential for wind entrainment! &stimates
by Gwynedd Councijlbased on consideration of historical ¢hiaformation and a profile
survey in 2003suggested that removal and disposal of in excess of 381 sediment
would be required to reinstate the channel to its historaradiion. The concrete causeway
and underlying rubble breakwater would also have to be broken up and dispdd&d of.
option is considered in more detail below, together with the combined Option 4 which
includes elements of Options 2 and 3.

5.2  Consideation of additional options

As part of this further assessment, a total of nine intervenptions havéeen considered,
referred to below as options A toTlhese options are not mutually exclusive and could be
modified or combined in the light of filrer discussions with stakeholder.

5.21 Option A:Possible reinstatement tife Bar Bach Channel

In order tofurtherassess the volume of sediment which would need to be excavated to
reinstated the Bar Bach Chmsail to its condition in the 1960eforethe causeway was built,

the DEM based on the 2016 UAV survey was modified to include depths taken from the 1964
Admiralty survey and the position ofdaliow water mark indicated aerial photograph

(Figure 46. The volume required to restore this topagric configurations calculated to be

307 ++ 7 x 10 m®, a figurebroadly similar tahe previousGwynedd Council estimat&lost

of the material removed would be sand, although there would be some rubble and concrete
arising from removal othe causewagwhich could be removed in its entirety or in part
Potentially, the excavated saoould be transported northves to recharge the beach beyond
the Min y Mor hotel, thereby improwythe coast protection value of the beachesan dhea.
However, moverantof this quantity é material this would require 890-17,000 lorry or
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large dumper trucloadsand would be a substantial project in itself. Any sediment
deposition below MHWS level would requiaeMarine Licene, and deposon at any level

on the bach would be likely to requir@ Habitats Regulations Assessm@hRA) to consider
potential impact on the adjacent SA@sseparate repository would need to be found for rock
and concrete arising from the causeway and underlying rbablage.

If the Channel wadully reinstatedsome drawdown of the adjoining beaches would be
expected, andediment might also be imported from the adjoining ¢aasth that

maintenance dredging would be required to maintain the depth initially created by a capital
schene. Without dredgingr modifications to othecthannels in the Mawddac¢here is a

strong possibility that a reinstatBar Bachchannel wouldagain gradually fill with sediment.
However, in the short to medium tereginstatement of the Bar Bachannel wold recreate

an area of deep watér6m) andpotentially strong currenighich muld pose a significant
risk to bathersandstranding on Ynys Brawddvould be likely Improvement to public

safety was a significant factbehind the decision to construbetcausewain the late 1960s.

As a modification to this option, the former channel could be partigihstated with a
shallowerdepth, in which case the volume of sediment required to be removed could be of
the order of 100 200 x 1 m>. While therisk of drownings might thereby be reduced,
strandings on Ynys y Brawd would still be likely. Small craft moorings and beachings near
the Bath House Café would still be lost, @hdre would be greater wave activity in the
harbour under northwesterly cotidns, and there could be increased risk of coastal flooding

5.2.2 Option B:Possible lowering of the open beach area

An alterretive to reinstatinghe BarBach chanel would be to lower a widarea of the open
beach and to leathe causeway intacgtigure 47shows an example where the main part of
the open beach between the dunes has been lowered back to 2003 levelstidrhias
illustrated would involve removal of 21 +6 x 10° m® of sand which could either be used to
create an artificial dunedge nearby or to nourish the beaches along the northern pagt of th
frontage.This option would achieve a reduction in the height of the dry sand béachto

0.8 m However, although thisould reduce the windand transport potential it would not

stop it and sand would continue to accumulate against and on top of the promenade during
periods of strong northwesterly and westerly winds.

5.2.3 Option C: Creation of additional areas of outer dune ridge

Thepurpose of creating additional dune arebsuter dune ridgavould be twofold: (1Yo
trapand stabilze excess sand, (2) to prov@darrier to wind and reduce the potential for
deflation of sand from the dry sand beach. Additional benefits could also result, including
additional areas of prioitdune habitat anenprovements to flood defendeotentially
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negative ggects of this option would be)(a reduction amenity beach area @ndreduced
seaview from the promenade and RNIifeboat station.

Figure 48shows an option where alongshorg¢egsions to the existing outer due ridges are
permitted or artificially encourage d using sand chestnut pal fencing (which could be
temporary until such time as dune vegetation becomes well establidiedgffectiveness of
sand trapping could be enhadce by pl anti ng of marram and add
sand fencinddetailed designs would be developed prior to works being undertakar)
example in Figurd8 shows retention of a beacbcass gap #80 m wide; this would permit
goad visibility of the lifeboat launching and recovery area from the RNLI stdtisrvould
also permit windsrbm the southwest to blow sand otite promenade. Periodic clearance
would thereforestill be required, although on a smaller scale than at preémughthere
would be soméoss of amenity beach area, thest heavily used areas cldsethe
promenade would not be affected.

5.2.4 Option D: Extension of a narrow belt of outer dunes with narrow access gap

With thisoption (Figure 49, sand fencing (angossibly marram planting) would be used to
build arelatively narrow (up to c. 50 m) wide belt of dunes extending north and south of
existing outer dunes, leaving only a relatively narrow (c. 20 m) access gap with offset
between the two. This would prala a more effective wind barrier than option C but would
reduce visibility from the promenade and access to the waterline to a greater degree. A
relatively large amenity area behind the dunes would be retained.

5.2.5 Option E: Extension cd narrow bdt of outer dunesvith removal of theauseway

This option (Figure 50)combinesconstruction of relatively narrow outer dune extension with
removal of the causewand dunes which have recently developed adjacent to it. This would
result in a significanincrease in amenity beach area and would allow the eastern end of the
former Bar Bach channel (the intertidal part of the harbour opposite the Bath House Café) to
evolve in response to natural processes). During surge tides tidal flooding of the egtire bea
in front of the promenade would be possible from the south, and it is possible that a shallow
drainage channel (runnel) would develop in this area after an initial period when sand is
likely to betransported towards the harbour by northwesterly winds ekiog of the beach

and development of a runnel linked to the harbour coulchbeuzaged by limited sand
excavation.

5.2.6 Option F:Creation ofa more continuous line of inner dunes

This option(Figure 5) would involve the use of pale fencing torfoa more continuous line
of inner dunes close to the promenade, curving at the southern end to join up with the existing
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dunes which have developed recently adjacent to the causeway. Gaps in the fencing / new
dunes would be left at beach access pointgwalys / steps) and in front of the RNLI station.
The objective would be to trap sand blow from a large area of amenity bemthwauld be
allowed to remaimon the seaward side of the new dunes. Owing to the large potential source
area and wide angle averhich winds could impact on the beach, high rates of aeolian sand
transport are likely, with result that a wide, high dune ridge could build within a few years,
leading to obstruction of views from the promenade. However, the growth in height of the
dures could be managed by pacing successive fences to encourage seaward rather than
vertical growth. In the absence of any sand trapping structures in front of the access gap
blown sand would continue to blow towards the RNLI station and would requireligerio
clearance.

5.2.7 Option G:Creationof outerand inner dundarriers using single lines of fencing

With this option(Figure 52) some extensiowould be made tthe outer dune ridges on

either side of the open beach armad in addition a more ctinuous line of inner dunes

would be created close to the promenade, as described in Option F. Only &rsengjfipale
fencing would bébuilt in each case, and could be removed once dune vegetation is well
established. A relatively wide gap wouid let in theouter dune ridgeand the purpose of

the inner dune ridge would be trap sand blow through this gapeliereaches the
promenade However, airect pathway for wind transport of sand towards the RNLI station
during periods of southwesterly winds woudgnain. Since public access to the new dune
areas would still be possible, trampling and surface disturbance would still occur and
establishment of dune vegetation would be delayed.

5.2.8 Option H: Creation of outer and inner dune barriers usieagced compartments

This option is similar to Option G but involves construction of closed fenced compartments

to exclude the public and allow quicker growth of vegetation. More rapid growth of dunes

could be encouraged by planting of marram and usderhial send fences. Some or all of

the exposed fencing could be removed one vegetation is well established; it may be necessary
to retain some fencing in high pressure areas near the promenade, with resultant ongoing
maintenance requirement. This optionulbbe highly effective in trapping sand but has

potential disadvantages in term of loss of a significant area of amenity beach and reduced sea
views from the promenade. Some windblown transport onto the RNLI slipway would also
continue.Owing to the greatr length of fencing required compared with Option G,

construction costs would be higher.
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5.2.9 Option I: Reduction in upper beach levels adavation of a shallow channel /
lagoon combined with extensions to the outer dune ridges

This option (Figire 54) combines elements of several of the previously describe gptions
including general removal of sand to reduce the level of the upper beach close to the
promenade, and use of sand fencing to create extensions to the outer dune ridges. In addition,
it is proposed to enhance existing natural topographic features of the beach by excavating
sand to create a deeper channel linking thenstbieone of depressions whigxists behind

the outer dune ridges. This depression would be enlarged and dependade@ challow

pool or lagoon which would fill with water on high neap and spring tides. The pool would
partially drain on the ebb tide but would retain c. 60 cm depth of water which could be used
for recreational purposes in a similar way to the shafleaward end of the former Bar Bach
channel. The sand surrounding the pool would be kept damp for long periods by tidal
flooding and capillary rise from the groundwater table, thereby limiting the potential for wind
mobilization. Wind action on the higheemaining areas of open beach would be reduced by
the construction of the outer dune ridge extensions. The causeway and existing dunes
adjacent to it would be left in place to limit sand transport towards the harbour and provide
continued pedestrian accasghe Ynys y Brawd breakwateé3and made availabley the

general lowering of thbeach in front of the promenadand by excavation of the shallow
channel and associated pool, could be uséditd the additional areas ofuiter dunes, or it

could be trasported northwards to nourish the eroding beach north of the Min y Mor Hotel.
It is likely that the depth of the lagoon uld be reduced by input of widdown sand over

time, andperiodic maintenance (sand removal) would be required to avathe degh /

volume in the medium to longer term.

5.3  Requirement to considerburied infrastructure

Consideration of the optiemeeds to tike accounwof thedistributionand naturef

infrastructure on, under and adjacentite beach and dunes, includjmiyairage pipes,

cablesand the remainsf buried groynes (Figures &%). The presence of these features is
especially relevant to options which could invobesach loweringaind channel excavation.

Further investigations are required to ascertain the extent of possible buried groynes, and any
costs which might be involved in their removal.
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6.0 Conclusions and recommendations

Based on the results of this assessment, it is concluded that removal of the Ynys y Brawd
causeway and restablishment of the Bar Bach Channel to its previous would not be
feasible or desirable on technical or environmental grounds. The cost ¢agechbapital

works wouldbevery considerable, and could only be considered as part of a much wider
coastal defence scheme involving large scale nourishrhém aorth Barmouth coastal
frontage.

Significant bengts could be achieved at much lower cfysetn a number of smaller scale
options intended to reduce wind speeds and trap sand before it reaches the promenade.
However, a composite approach involyilowering of parts of the beach, localised
excavation to enlarge and deepen existing natural topographic features of the beach,
combined \ith limited extensions to thexisting dune outer dune ridges to provide a more
effective wind barrier, could providine greatest benefits at reasonable cost. It is
recommendethat further detailed consideration should be given toghii®n (Option 1) in
consultation with relevant stakeholders.
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Table 1. Results of ewr analysis for three LIDAR surveys covering Barmouth Main Car Park. A total of 6501
pixels were compared, with elevations (in m ODN) for the frequency distribution shown. Note that the survey
on 14/02/2003 was conducted at 2 m resolution, but has béstemgolated at 1 m resolution for the purposes

of comparison with the surveys on 20/02/2013 and 03/03/2014 which were surveyed at 1 m resolution.

14/02/2003 20/02/2013 03/03/2014 Differences (m)
'(Erf‘g‘glo\lr)‘ (En']eéa[t)'lc\’l;‘ E'e(‘ga[g',g;‘ (M 2003 t0 2013 2003 to 2014 2013 to 2014
1%%tile: 6.08 5.92 5.01 -0.16 017 0.01
50%%tile: 6.27 6.12 6.10 -0.15 -0.17 -0.02
10%%tile: 6.37 6.22 6.20 -0.15 -0.17 -0.02
25%%tile: 6.60 6.45 6.44 -0.15 -0.16 -0.01
50%%tile: 6.90 6.78 6.76 -0.12 -0.14 -0.02
75%%tile: 7.22 7.09 7.08 -0.13 -0.14 -0.01
90%%tile: 7.37 7.25 7.24 -0.12 -0.13 -0.01
95%%tile: 7.46 7.32 7.31 -0.14 -0.15 -0.01
99%%tile: 7.60 7.47 7.45 -0.13 -0.15 -0.02
Mean difference: -0.14 -0.15 -0.01

Table 2. Comparison of @vations (m ODN) obtained from the 3 March 2014 LiDAR survey and the 16 June
2016 UAV survey form three areas of the main car park (seash of the Lifeboat Station), a 100 m length of

Marine Parade near Mig-Mor, and the north car park at the northerm of the sea wall. The average height
difference (m) between the LiDAR survey on 03/03/2014 and the UAV survey on 16/06/2016 is shown, both
calculated on a 1 m grid. Median difference at the three locations (6 cm, 7 cm and 9 cm) were used to correct the
2016 UAV survey (so that it equates to the 2014 LIDAR datum) using a sloping surface prescribed by these

values.
Main Car Park Marine Parade / Miy-Mor North Car Park
LiDAR  UAV Difference | LIDAR UAV Difference | LIDAR UAV Difference
1%% tile: 5.78 5.81 0.03 5.56 5.65 0.09 5.92 5.98 0.06
5%%tile: 5.82 5.85 0.03 5.59 5.67 0.08 5.95 6.03 0.08
10%%stile: 5.84 5.88 0.04 5.61 5.69 0.08 5.96 6.04 0.08
25%%tile: 5.91 5.97 0.06 5.64 5.72 0.08 5.99 6.08 0.09
50%%tile: 6.05 6.11 0.06 5.70 5.77 0.07 6.02 6.11 0.09
75%%tile: 6.25 6.31 0.06 5.75 5.82 0.07 6.06 6.14 0.08
90%%tile: 6.37 6.43 0.06 5.78 5.85 0.07 6.09 6.18 0.09
95%%tile: 6.41 6.48 0.07 5.80 5.86 0.06 6.10 6.20 0.10
99%%tile: 6.48 6.55 0.07 5.82 5.89 0.07 6.13 6.23 0.10
Mean Difference: 0.05 0.07 0.09
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Table 3. Tidal levels at Barmouth relative to Ordnance Datum Newdmiralty Tide Tables, 2016).

m ODN

Highest Astronomical Tide (HAT) 3.26
Mean High Water Springs (MHWS) 2.56
Mean High Water Neaps (MHWN) 1.26
Mean Sea Level (MSL) 0.28
Mean Low Water Neaps (MLWN) -0.54
Mean Low Water Springs (MLWS) -1.74
Lowest Astronomical Tide (LAT) nd

Chart Datum (CD) -2.44
Mean Spring Tidal Range (MSTR) 4.30
Mean Neap Tidal Range (MNTR) 1.80

Table 4. Estimatedextremehigh water levels at BarmoutfafterRoyal Haskoning (2011b) and McMillaet al.
(2011)

Return | Royal McMillan
Period | Hakoning etal. (2011)
(years) | (2011)

1 3.48£0.10
2 3.59+0.10
5 3.73+£0.10
10 3.93 3.83+£0.10
20 3.92+0.10
25 3.95+0.10
50 4.17 4.04 £0.10
75 4.10+£0.10
100 4.31 4.13+0.20
150 4.18 £0.20
200 4.44 4.22 +0.20
250 4.24+0.D
300 4.27 £0.20
500 4.33+0.20
1000 4.41 +0.30
10000 4.66 + 0.40
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Table 5. The highest 50 tides recorded at the Class A tide gauge at Barmouth during the perigd1891
Note that, in addition to smaller data gaps, no data faxishe periods 16/05/2003 to 11/03/2005, 12/01/2013 to
13/02/2013, 26/03/2013 to 10/04/013, and after 30/12/2015. Data source: NTSLF.

Date and Time Observed level Res_idual at observed Sk(_ew surge
(m OD) high water (m) residual (m)
03/01/2014 09:15 3.92 0.81 0.81
10/02/1997 10:00 3.92 0.73 0.73
30/03/2006 08:45 3.75 0.68 0.68
25/11/2000 20:15 3.71 121 1.16
01/02/2002 10:45 3.71 0.76 0.76
03/02/2014 10:30 3.69 0.61 0.61
10/03/2008 09:45 3.68 0.74 0.74
01/02/2014 09:15 3.62 0.47 0.46
23/12/1999 208 3.62 0.71 0.71
03/01/2014 21:45 3.61 0.79 0.79
12/01/1993 10:45 3.61 0.66 0.66
08/10/2006 20:45 3.57 0.42 0.40
06/01/2014 11:30 3.55 0.80 0.80
03/01/1998 11:00 3.55 0.94 0.90
02/03/2014 08:45 3.55 0.44 0.44
08/10/2014 20:00 3.53 0.43 0.43
29/08/1992 21:00 3.52 0.38 0.38
10/03/2001 08:30 351 0.54 0.53
12/12/2000 21:00 3.51 0.67 0.67
27/02/1994 09:00 351 0.50 0.50
01/02/2014 21:30 3.50 0.64 0.64
30/08/1992 22:00 3.50 0.42 0.42
07/10/2006 20:15 3.49 0.33 0.33
09/09/1998 22:15 3.49 0.47 0.47
07/09/1998 21:00 3.49 0.44 0.44
24/10/1995 19:45 3.46 0.64 0.57
08/09/1998 21:45 3.46 0.36 0.36
30/03/1994 22:30 3.45 0.69 0.69
28/10/2015 20:45 3.45 0.28 0.28
20/02/2007 10:00 3.45 0.36 0.36
28/09/1996 21:00 3.45 0.37 0.37
09/01/1993 08:30 3.44 0.66 0.66
05/11/1998 20:45 3.44 0.29 0.28
03/12/2006 06:30 3.44 1.18 1.18
12/08/2014 21:30 3.44 0.30 0.30
31/01/1995 08:15 3.44 0.58 0.58
07/12/2006 09:15 3.44 0.86 0.86
02/03/2014 21:00 3.43 0.58 0.58
31/03/2006 09:15 3.42 0.39 0.39
05/12/2006 08:00 3.42 0.84 0.84
30/03/1998 09:45 3.42 0.30 0.30
03/03/1998 11:30 3.42 0.69 0.69
27/02/2002 20:45 3.42 0.71 0.69
27/10/2015 20:00 3.42 0.26 0.26
11/03/2001 09:15 3.42 0.35 0.35
05/12/2013 09:30 341 0.40 0.40
11/01/1993 10:15 3.41 0.43 0.41
19/02/2@7 09:15 341 0.38 0.38
09/02/1997 09:15 3.40 0.22 0.22
10/09/2010 21:30 3.40 0.22 0.22
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Table 6. Projections of relative sea level rise at Barmouth, calculated from the base year of 1990 under three
emission scenarios, according to UKCP09 modgbats. Values are in millimetres. The value in bold is tH& 50
percentile model output, and the numbers in brackets ard'tioe95" percentile range.

Year Low emission Medium Emission High Emission
Scenario Scenario Scenario
2016 61 (29-92) 73 (32-114) 88 (36-141)
2030 100 (47-152) 120 (52-188) 145 (58-232)
2050 162 (76-249) 196 (83-309) 237 (94-381)
2100 | 357 (163551) 432 (178-687) 525 (203-848)

Table 7. Movement of the tidal contours between the 2003 LiDAR survey and 2016 UAV survey. €ositiv
values indicate a seaward movement (progradation), negative values indicate landward movement (recession).
No values for MLWN on P9 and OD and MLWN on P10 due to incomplete coverage by the 2016 UAV survey.

HAT MHWS MHWN oD MLWN
(326mOD) (256 mOD) (1.26mOD)  (0.00mOD)  (-0.54 m OD)
P1 +2.4 05 +2.4 72 257
P2 +1.6 +1.0 +1.0 -13.8 -39.0
P3 +1.2 +1.3 +2.5 -36.8 -41.7
P4 +1.8 +2.7 -0.9 -14.9 7.7
P5 +3.4 +2.6 -4.0 +1.1 5.3
P6 +4.2 +4.7 -14.7 -13.4 -10.4
P7 +2.0 -3.0 -18.0 +6.8 +20.1
P8 +0.0 55 -11.5 +8.1 +45.7
P9 +157.9 +12.0 -39.2 7.8
P10 +32.6 +6.2 +0.3
P11 -4.0 175 +15.2 +16.2 +20.3

Table 8 Volumes of sedimer({ix 10° m®) above selected tidal contouos the North Beach at Barmouth

(between Profile P6 and the northendef the seawall at the north car park). Note that the sea level at the time
of the 2003LIDAR survey was at1.3 m OD, so volume changes cannot be calculated below MLWN for this
survey. Error limitdor the 2003 and 2016 survefexpressed ak) have ber calculatecassuming an error in
elevations oft10 cm, and therror shown for th@0032016 change is the average of the errors in the two

surveys.

North Beach
2003 2016 20032016Change
HAT (3.26 m OD) 1 +<0.5 2 +0 1 +<0.5
MHWS (2.56 m OD) 3 +<0.5 6 +1 3 +1
MHWN (1.26 m OD) 17 +2 22 +2 5 +2
OD (0.00 m OD) 73 +8 69 +6 -4 +7
MLWN (-0.54 m OD) 127 +12 112 +10 -15 +11
MLWS (-1.74 m OD) 280 +18
North Beach
2003 2016 20032016Change
>HAT 1 +<0.5 2 +0 1 +<0.5
MHWS-HAT 2 +<0.5 4 +0 2 +<05
MHWN-MHWS 14 +2 16 +1 2 +1
OD-MHWN 56 +6 47 +4 -9 5
MLWN-OD 54 +4 43 +3 -11 +4
MLWS-MLWN 168 +8
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Table 9. Volumes ofsedimeni(x10® m®) above selected tidal contows the South Beach at Barmouth
(between Profile P6 and the Mawddach estuaxgluding the harbour to the sotghst of the causeway). Note
that the sea level at the time of the 2QIBAR survey was at1.3 m OD, so volume changes cannot be
calculatedbelow MLWN for this survey; also the 2016 UAV survey coverage did not exterhdargh south
to cover the MLWN or MLWS contour&rror limits for the 2003 and 2016 survefexpressed as) have been
calculatedassuming an error in elevations #10 cm, and the error in the 202816 change is the average of
the errors in the two sueys.

SouthBeach
2003 2016 20032016Change
HAT (3.26 m OD) 25 +6 114 +11 90 +8
MHWS (2.56 m OD) 103 +15 212 +16 109 +16
MHWN (1.26 m OD) 358 +25 457 +23 99 +24
OD (0.00 m OD) 750 +36 835 +37 85 +36
MLWN (-0.54 m OD) 956 +40
MLWS (-1.74 m OD
SouthBeach
2003 2016 20032016Change
>SHAT 25 +6 114 +11 90 +8
MHWS-HAT 79 +10 98 5 19 +7
MHWN-MHWS 254 +10 245 +7 -9 +9
OD-MHWN 392 +11 378 +13 -15 +12
MLWN-OD 206 +3
MLWS-MLWN

Table 10. Volumes of beach sedimefix10* m®) above selected tidal contounsthe Harbour at Barmouth
(southeast of the causeway). Note that the sea level at the time of th&iPOR survey was atl.3 m OD, so
volume changes cannot be calculated below MLWN for this survey. Error fonitise 2003 and 2016 surveys
(expressed ak) have been calculatessuming an error in elevations#if0 cm, and the error in the 202816
change is the average of the errors in the two surveys.

Harbour
2003 2016 20032016Change
HAT (3.26 m OD) 20 +1 26 +1 6 +1
MHWS (2.56 m OD) 27 +1 33 +1 6 +1
MHWN (1.26 m OD) 53 +2 61 +3 7 +3
OD (0.00 m OD) 88 +3 98 +3 10 +3
MLWN (-0.54 m OD) 105 +3 116 +3 11 +3
MLWS (-1.74 m OD) 159 +4
Harbour
2003 2016 20032016Change
>HAT 20 +1 26 +1 6 +1
MHWS-HAT 7 +1 7 +<0.5 0 +<0.5
MHWN-MHWS 26 +1 28 +1 2 +1
OD-MHWN 34 +1 37 +1 3 +1
MLWN-OD 17 +<0.5 18 +<0.5 1 +<0.5
MLWS-MLWN 43 +<0.5
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Figures
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Figure 1. The location of Barmouth in th@ider contextof northwest Wales and northern Cardigan Bay.
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Figure 2. (a) Generalised bathymetry and topography of the Barmouthsir@ajngindicative offshore and
nearshore wave and sediment transport directions (after Royal Haskoning,2Qb]) Site of Special
Conservation designation; (c) Site of Special Scientific Interest designation.
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Figure 3. Superficial geologypased omBritish Geological Survey mappin@®nly blown sand and till are
mapped in this area. On all other areas no superficial geology is recorded, includargltimemediately
behind Bar mouth Harbour and beneath St Davidds Churc
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Figure 4. Tides exceeding.2m ODN atBarmouthsince 191. Note the significant data gap between May

2003 and March 2005.
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Figure 5. Records of (a) mean sea level and (b) nfeégh water level, recorded in each calendar year at the
Class A tide gauge at Barmouth during the period 18%15. Data sources: PSMSL and NTSLF.
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Figure 7. Composite aerial image of the Barmouthsacemprising the 2016 UAVhwtography superimposed
on the2003 aerial photography. The principal features and locations mentioned in the text are also shown.
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Figure 8. First edition Ondnch Ordnance Survey map, surveyed 1833 withthe railway lire (opened1867)
added later.
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Figure 9. Ad mi ralty Chart fAAberdovey and Barmoutho (No. 14E¢
Commander Sheringham R.N. Soundings in feet.
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Figure 10. First edition Sixinch Ordnance Survey map, surveyed 1887.
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Figure 11 Late 19" century photograph showing a masonry retaining wall on the landward side of Ynys
Brawd, opposite the Bath House.
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Figure 12 Ad mi ral ty Chart APl ans and Anchorages in Cardiga
1890 by Saff Comr. W.E. Archdeacon. Soundings in fathoms.
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Figure 13 Secondedition SixInch Ordnance Survey map, surveyed 1900.
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Figure 14. Obliqueaerialphotograph, taken 01/07/1940.
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