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ABSTRACT _

BULL, C.F.J .; DAVIS, A.M., and JONES, R., 1998. The Influence of Fish-Tail Groynes (or Breakwaters) on the Char­
acteristics of the Adjacent Beach at Llandudno, North Wales. Journal of Coastal Research, 14(1),93-105. Royal Palm
Beach (Florida), ISSN 0749-0208.

Three Fish-tail groynes or breakwaters of rock rubble constru ction were installed during 1991 on the West Shore at
Llandudno, North Wales as part of a coasta l protection programme. This study considered the effect of the northern
(Gogarth) breakwater on the adjacent beach. It was found that while the breakwater appears to be effective in pro­
tecting the sea wall forming the coastline behind, it has not been successful in increasing beach levels, as proposed,
and has also resulted in the accumulat ion of a large amount of fine material in its lee which reduces its appeal to
recreational users. From this study it is believed that beach levels at the site are controlled by the tidal flows across
the beach, particularly by the scouring effect within the adjacent North Channel, which prevents the normal beach
profile being attained. The build up of fine material is due to the quiescent conditions behind the breakwater, however,
it appears that the conditions created are far calmer than anticipated at the design stage.

ADDITIONAL INDEX WORDS: Beach, macro-tidal , groynes, breakwaters, rubble around, above seasons.

INTRODUCTION

The install ation of 'fish-tail' groynes or br eakwaters as a
method of coastal protection appears to be ga ining favour,
with a number of th ese st ru ctures having been install ed at
various sites around the coast of Wales. Th e du al description
of groynelbreakwater describes the du al fun ction wh ich the
structures may perform , in that they ma y act as a groyn e to
prevent littoral dri ft a nd also as a wave scree n and thus per­
form ing th e function of a br eakwater. We do not wish to de­
bate what th e stuctures should be called, although within
this report we ha ve called th em breakwaters in lin e with the
designers , Briti sh Maritime Technology and later Sh oreline
Man agement Partnership. Th e term groy ne could as easily
ha ve been used and the du al function/purpose of the struc­
tures should be born e in mind. Th ere is however, some con­
cern about th e envi ronm ental imp act which th ese breakwa­
ter s have on the adjacent beach and whether th ey act ua lly
perform fully, the task for whi ch they were designed. Thi s
st udy considers th e effect th at th ese st ruct ures have had at
one such site, th e West Shore at Llandudno, North Wales,
(Figure H

Llandudno is si tua ted on th e North Wales coas t and has
been a seaside resort since Victorian times. Th e town sits on
a low lyin g isthumus only a few metres above mean sea level
and is protected by a sea wall. Like many seas ide resorts the
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beach is obviously one of the assets which draws holiday­
makers to the area and a clean beach is therefore important,
with resorts trying hard to obt ain awards for the cleanliness
of their beaches .

During a structural investigation of the sea wall at the
West Shore, it was found that the integrity of the wall was
degrading, to the point that if sto rm surge condit ions from
the northwest coincided with a spring t ide, there would be a
risk of the sea wall failing and the town being inundated. To
replace the sea wall would have been pr ohibitively expensive
for the local authority and therefor e alternative methods of
protecting the wall were consid ered. Aberconwy Borough
Council commi ssioned a se ries of studies on coastal protection
sche mes for the whole of the Llandudno area by British Mar­
itime Technology a nd later by Sh oreline Management Part­
nership. Th e recomm endation for the West Sh ore was the
install ation of th ree fish-tail gr oynes or breakwaters of rock
rubblelboulder construction . Th e purpose of the br eakwaters
would be fourfold : (l ) to act as a wave screen; (2) to act as a
barrier to littoral drift (and thus promote development of a
beach); (3) to modify the angle of wave a ppro ach to create an
environment capable of holding a beach; and (4) to move the
tidal currents offshore pr eventing erosion of unprotected
coast. In addition, it was state d that the design of the break­
waters would compliment the area as a recreational amenity
a nd that this popular tourist beach would ga in in popularity
pursuant to th e sche me. Figure 2 shows th e layout of the
study site with th e northern tw o breakwaters.
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The breakwaters which were installed to the consultant's
(Shoreline Management Partnership) design at Llandudno's
West Shore, can in broad terms be considered successful in
that they act as a wave screen and thus reduce the amount
of wave energy impinging on the sea wall. In addition, they
also appear to be effective in moving the tidal currents fur­
ther offshore, and to a lesser degree in modifying the angle
of wave approach. However, even on taking a cursory look
there appears to be some detrimental effect on the adjacent
beach which now accumulates a large amount of fine material
in an area behind the northern (Cogarth) breakwater. This
has a high organic content, which along with the variety of
sanitary products found within it, probably indicates that
sewage from the offshore outfall or from the discharge into
the Conwy river/estuary, is finding its way onto the beach.
Further, there is little evidence for beach development as pre­
dicted in the consultant's report (BMT, 1987) (excluding the
artificial nourishment), and in addition the proposed higher
beach levels which were to provide significant dry areas over
calm high waters appear to be largely absent. In addition,
the structures are large, upto 300 m in length and over 3 m
high, and most local residents do not feel that they compli­
ment the area but are more an eyesore. With regard to the
beach gaining in popularity, this does not seem to be the case
as most holidaymakers complained about the accumulation
of fine sediment and the resulting smell. The aim of the study
reported here was to quantify the effect of the Gogarth break­
water on the adjacent beach in terms of temporal and spatial
variability in sediment accumulation with respect to grain
size distribution and beach elevation, and relating this to the
modified hydrodynamic regime.

Environmental Setting

To the north of Llandudno is the large Carboniferous out­
crop and headland of the Great Orme, while to the south
there are lower lying areas of Silurian Rocks, both of which
may be considered unerodable in terms of the coastal protec­
tion programme. The low lying isthmus on which Llandudno
itself is sited, is comprised of blown sand and alluvium and
thus the sea wall is important for protection of this area.

The West Shore beach experiences macro-tidal conditions
with a mean spring tidal range of 6.9 m and a mean neap
tidal range of 3.5 m (HYDROGRAPHIC OFFICE, Admiralty Tide
Tables, 1993). Tidal flows across the study area prior to in­
stallation of the breakwaters were parallel to the coastline of
the West Shore, with typical velocities of 0.1 msec 1 for the
flood and 0.2 msec 1 for the ebb (BRITISH MARITIME TECH­
NOLOGY, 1987). The configuration of the coastline means that
West Shore is only exposed to significant wave energy for
waves approaching from the WSW through to N. Waves from
the WSW are however fetch limited by the position of Angle­
sey as well as the shoaling effects of having to travel across
the Lavan and Conwy Sands. BRITISH MARITIME TECHNOL­
OGY (1987) in their study for Aberconwy Borough Council,
calculated the maximum 1 in 50 year significant wave height
(Hs ) and peak wave period (Tp), for a position offshore, for
each cardinal sector. The largest significant wave heights cal­
culated turned out to be from the north with an offshore

height of 7.7 m and a period of 10 seconds. The most fre­
quently occuring waves had a height of 0.9-1.5 m and a pe­
riod of 6 seconds.

TOPOGRAPHIC SURVEY

Two detailed topographic surveys of the west shore beach
comprising a total of 176 levelling points/stations were car­
ried out as part of this study. In addition, biannual survey
data going back to 1980 were made available by Aberconwy
Borough Council thereby allowing us to compare pre and
post-installation data and to establish if the installation of
the Gogarth and Lloyd St. breakwaters had resulted in a
morphological change of the intervening beach, as outlined
in the design proposal. The surveys conducted as part of the
study were carried out on the 19 August 1993 and the 6 De­
cember 1993.

Interpretation

Contour maps of the beach were produced from the survey
data to examine the spatial variation in elevation following
the installation of the breakwaters, while individual tran­
sects were compared to examine the temporal variation in
elevation. The survey carried out on the 19 August 1993
showed that the area to the north of the Gogarth breakwater
had not changed significantly in elevation in comparison to
the pre-installation elevations as was expected, because the
breakwaters were not designed to influence this part of the
beach. The changes that did take place were slight increases
very close to the structure. To the south of the Gogarth break­
water there appears to have been very little change in ele­
vation over most of the beach either between the pre-instal­
lation surveys or those carried out in this study. Many areas
remained within the same 20 em contour as on previous sur­
veys, while those that changed only moved one contour in­
terval indicating a maximum change of 40 em, However, in
interpreting the data, the effects of the beach nourishment
programme had to be taken into account, which particularly
affected the area adjacent to the south side of the Gogarth
breakwater and which also showed the greatest changes. As
such, the areas of greatest accumulation are not due to the
influence of the breakwaters but due to the beach nourish­
ment programme. In other areas it appears the changes in
elevation are due to a morphological change in beach profile
rather than a nett accumulation or loss of sediment.

This can be clearly seen in Figure 3 which shows a beach
profile transect from close to the central section of the beach
with data plotted for 1980, 1985 and the present study. This
profile was also levelled again in May 1996 and showed no
significant changes from the levels recorded during the main
part of the study. The data for 1980 show a concave profile
with the lowest overall levels. The data for 1985 have similar
profiles although the levels are up to :::::::30 em higher at their
maximum. Both of the profiles levelled during this study
show that the profile appears to have changed with levels
decreasing proceeding seawards along the transect until ap­
proximately the 50 m point where the profiles rise to a max­
imum at the 75 m point. From here seaward, levels decrease
more quickly than in earlier profiles with both producing low-
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Figure 3. Beach profiles along th e transect opposite Gloddaeth Avenue.

er elevations on the dist al end of the transect tha n recorded
in any of the previous surveys.

From the survey data there ap pears to have been no sig­
nifican t change in beach elevation that can be attrib uted to
natural accretion as a result of the modified regime following
the installation of the breakwaters . The increase in beac h
levels recor ded that are significant resul t directly from the
beach nourisment programme.

SEDIMENT SAMPliNG AND ANALYSIS

Introduction

Two sets of sediment samples were collected at different
times . The first set comprising 41 samples was collected on
the 20 August 1993 an d would provide a baseline data set for
which subseq uent sa mple sets could be compared to establish
temp oral variability , as well as providing information on the
longsh ore variation in the sediments for those areas not ap ­
parently influenced directly by the installation of th e break­
waters. From this it was hope d that it might be possible to
infer the approximate pre-breakwater sediment grain size
distributi on and variability, an d relate thi s to the present
changes in those areas obviously influe nced by the break­
waters.

A further set of 26 samples was collecte d on th e 30 Novem-

ber 1993 in the area between the two breakwaters . Thi s set
was collected to allow comparison with the baseline data set
in order to quantitatively assess the te mporal variability. In
addition, it was hoped that these sa mples would allow an
assessment as to the extent of the area being influenced by
fine sedime nt accum ulation.

Sampling Method

Consideration to the number of samples an d the spacing
which would be requi red to reflect changes in the grain size
distributio n acros s the survey area, resulted in the choice of
a 50 m grid spacing. It was decided to use a sampling grid
instead of random sampling procedur e as this made it pos­
sible to return to the same points and enabled a direct com­
pa riso n of sediment changes. Samples were collected using a
sample ring which was pushed into the sediment until the
top was level with the sediment surface an d the sediment
then removed to a sample bag .

Sediment Sample Analysis

In the laboratory, each sa mple was was hed th rough a 63
urn sieve using distilled water. The > 63 u.m fraction was
then analysed in accordance with British Standard 1377. For
the finer than 63 p.m fraction the sa mple was first washed
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Figure 4. Sediment modal size on 20 August 1993 .

to remove the salt from it before being analysed in a Microm­
eritrics Sedigraph to obtain the grain size data. From the
sieve data or combined sieve and sedigraph data, the grain
size parameters mode, mean, sorting, skewness and kurtosis
were calculated in accordance with FOLK and WARD (1957).

Organic Carbon Determination

Samples which had the highest proportion of fine material
were analysed for organic carbon to assess if the levels of
organic material in the sediment were excessively high. A 5
ml sub-sample was taken from the fines fraction and placed
in a weighed crucible. This was dried in an oven at 105 °C
overnight and then allowed to cool in a desiccator before re­
weighing to determine the total weight of the sample. The
sample was then placed in a muffle furnace at 450 °C for six
hours to burn off the organic carbon. The samples were then
again placed in a desiccator to cool before reweighing.

Interpretation

For each grain size parameter contour plots were produced
to show the spatial variation. Separate plots were made for
the samples collected at the beginning of the monitoring pe­
riod and at th e end . In addition, the change in each of the
grain size parameters was also calculated and plotted using
th e same method.

Mean and Mod e

The mean and modal grain size distribution at the start of
the study period exhibited very similar characteristics to each
other. Figure 4 shows the mean size distribution at the start
of the study period (first sample set). The area to the north
of the Gogarth breakwater showed a fairly uniform mean size
distribution, as did the greater part of the area to the south.
However, there was an indication of finer material accumu­
lating in the lee of the breakwater and apron on its south
side . The coarser material towards the proximal end of the
breakwater and along the original sea wall running into the
new armouring results from the beach nourishment pro­
gramme.

At the end of the study period (second sample set, Figure
5) the southern half of the sampled area between the two
breakwaters appeared to have remained unaltered, while the
area immediately behind the breakwater apron had become
much finer grained. In addition, some of th e samples from
just south of the breakwater wer e exhibiting bimodal or po­
lymodal characteristics which indicated that there was a
new, distinct, finer population being deposited rather than
the original population shifting in its distribution.

Sorting

The natural beach area to th e north of th e Gogarth break­
water was very well sort ed as would be expected for a beach
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Eastings

exposed to wave and swash action, Figure 6. Similarly, the
area to the south of the breakwater appeared very well sorted
in the southern half of the section sampled (i .e. towards the
Lloyd St. Breakwater). By contrast, samples from the north­
ern half of this section up to the breakwater, ranged in sort­
ing from poorly sorted through to moderately well sorted
which probably reflected the thin layer of finer sediment
which was covering this part of the area at the start of the
study period. At the end of the study period (see Figure 7),
the southern section was still well sorted and exhibited little
or no change; the area in the lee of the apron had become
very poorly sorted having a sorting of = 2.5 as would be ex­
pected from the change in mean and mode grain size .

Skewness

Most of the beach to the north of the Gogarth breakwater
exhibited a slight negative skewness with small patches of
slightly positively skewed sediment. The area immediately to
the south of the breakwater had a moderate, positive skew­
ness, indicating a moderate fine tail at the beginning of the

st udy period. However, at the end of the st udy period this
area had become very positively skewed indicating a long fine
tail to the distribution. Analysis of the cumulative frequency
curves for these samples, shows that this appears to be due
to the addition of fine material rather than to a modification
of the original sediment distribution, which could still be
clearly seen in the curves. By contrast, the area towards the
Lloyd St. breakwater and out of the influence of the Gogarth
breakwater retained a similar distribution to that found at
the beginning of the study, as did the area to the north of the
Gogarth breakwater.

Percentage Mud

Although the standard grain size parameters give exact de­
tails of the sediment at any particular time and location, they
do not necessarily give an easily interpretable, general pic­
ture, of the changes that were taking place. By using the
Wentworth classification between mud (all material finer
than 63 urn) and sand (in this case all material coarser than
63 urn) a better impression of the changes taking place can

Journal of Coastal Research, Vol. 14, No.1 , 1998



Th e Influ ence of a Breakwater on th e Adjacent Beach 99

8220Ur----'------'---~-.......,.---'---~---'----~--~-~_____.

0.00

0.50

Sorting

o

o
.~

'"Cl
.s
s:
t::
o
Z

76750768007685076900769507700077050771007715077200

East ings

817010'--~-~-~--~-~-~-~-~--~-___r'_--L....-!.

Figure 6. Se diment sorti ng on 20 August 1993.

be observed. Beach deposits are mainly sa nds and/or pebbles
and sometimes boulders, more rarely mud (WHITTEN and
BROOKS, 1972). Examination of the data for those areas out­
side th e apparent influe nce of th e breakwater s, such as the
area north of the Gogarth breakwater and towards the very
south of the st udy area, showed th at the beach was comprised
of less than 1% mud (see Figure 8). From this, it may be
inferred that the whole beach should be comprised of sa nd
with negligible amounts of mud pr esent, with any change ex­
pected to occur gradually. Figure 8 shows that even on the
first survey th er e was an isolated area of mud sta rti ng to
accumula te beh ind the breakwater and the a pron whi ch had
not been presen t on th e initial visit to the si te in preparation
for th e study. However , by the 30 Novemb er 1993 the area
close to the br eakwater and apron had become very muddy
with some sa mples containing less than 15% sa nd (see Figure
9). In this area it may be consi dered that the beach had
ceased to exist an d that the area had become an inter-tida l
mud-flat, while the areas just outside of the lee of the break­
water generally sti ll had less than 1% mud.

Organic Carbon

According to ELTRINGHAM (971 ) organic carbon values for
a beac h sediment shou ld normally be negligib le and gene rally
well below 1% (BLACK, 1993, per sonal comm unication). Th e
values obtained for the organic carbon from those sa mples
occur ring primarily in the area of the greatest amo unt of fine

materi al ran ged from 4.5% to 9.8% organic carbon by weight,
wh ich is extre mely high for what was, and is supposed to be,
a sa ndy beach. This would appea r to indicate that th e br eak­
water is allowing the trapping and deposition of organic ma t­
t er , some of which may originate from the offshore sewage
outfall or from sewage discharged into the Conwy river/es­
tuary, the effect of which is to produce a pungent sm ell as
well as creating a health risk to ch ildre n (or adults) playing
a round this area of the beach .

DISCUSSION

Beach Levels

One of the major aims of the installation of the breakwa­
ters was to modify t he angle of wave a pproach thus creating
an environment capab le of holding a stable beach. It was also
implied by the engi neers that beach developmen t would occur
following installation of the breakwaters, initially from arti­
ficia l nouris hment but in the longer term by natural pr ocess­
es , and was further implied that the extent of this beac h de­
velopment would lead to "locally h igher beac h levels which
would provide sign ificant dry areas over calm high waters"
(BRITISH MARITIME TECHNOLOGY, 1987).

There a ppears, however , to be little change of beac h ele­
vation between the existing survey data (provided by Aber­
conwy B.C.) and the surveys carried out in August 1993 and
December 1993. Th ose changes that have taken place such
as the increase in elevation at the 50-75 m distance along
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Figure 7. Sediment sorti ng on 30 Novemb er 1993.

th e tran sect are probably a response to th e armouring. How­
ever, th e lower levels toward s th e seaward end of the transect
would appea r to result from the removal of sediment by the
flows in th e North Channel.

More significantly th ough, comparing both surveys with
data supplied by Aberconwy B.C. for Augu st 1990, it can be
seen that overa ll there has been no significant change in
beach elevation between th e Gogarth and Lloyd St . break ­
water s following th eir installation, with th e exception of that
cha nge in elevation attributed to anthropogenic beach nour­
ishment. Thi s is further evidenced by a subsequent survey
carried out in May 1996, which showed no significant
cha nges from the ea rlier surveys . To th e north of the Gogarth
breakwater there was however some evidence of increased
beach eleva tion close to th e st ru cture itself. The greatest re­
corded difference between th e two surveys was at th e shore­
ward end of the breakwat er , where, ju st north of th e knuckle,
th ere were height differences of approxima te ly 0.5 m (in­
crease). This cha nge in elevat ion dim inished towards th e dis­
tal end of th e breakwater prop er , where there app ears to be

no noticeable difference between the two surveys. It is
thought that the accumulation of sediment to the north of th e
breakwater was most probably merely due to the restriction
on littoral drift imposed by the structure. It is likely that th e
extension of the original groyne field, as far offshore as th e
breakwater extends and with sufficient height, would prob­
ably have resulted in a similar effect.

The effective absence of any change in bea ch elevation fol­
lowing the installation of the breakwaters is attributed to the
morphodynamics of macro-tidal bea ches and the influence of
the North Channel running across th e beach. From a study
of th e literature, ap art from WRIGHT et al. (1982) and J AGO
and HARDISTY (1984), th ere appears to ha ve been littl e pub­
lished work carried out on macro-tidal beach es until relative­
ly recently; the most significant recent works include SHORT
(1991), MASSELINK and SHORT (1993) and HORN (1993). In
trying to compare th e West Shore beach at Llandudno with
others e.g. Pendine Sands as studied by J AGO and HARDISTY
(1984 ), there is one immediate problem to overcome, that of
defining the distal end of the beach profile. From a field sur-
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vey perspective the North Channel appears to present a nat­
ural barrier between the st udy area and the Conwy Sands on
the opposite side which were considered to be an inter-ti da l
sand flat. Even at low water spring tide (LWST) the channel
is over 0.5 m deep an d obviously much deeper at low water
neap tide (LWNT). However, with reference to laboratory
data an d the work of others, it becomes apparent that this is
probably ina ppropriate and that the more significant point
would be the point of low water lowest tide (LWLT). This
effectively takes in not only the beach but the whole of the
Conwy Sands. If thi s is done , then by plotting the tidal levels
against distance along the transect a general profile of the
beach which is comparable with other macro-tidal beach pro­
files e.g. Pendine Sands (J AGO and HARDISTY, 1984) may be
produced , Figure 10.

However, in making any comparison it has to be taken into
account that the sediment levels on the Conwy Sands side of
the channel are above the level of LWNT. Therefore, it is
possible to argue that the start of the mid-foreshore is at
point D in Figure 10 and not on the shoreward side of the
channel, point C. If that were the case and the channel was
not present, then it is likely that th ere would be an increase
in sediment accumulation over the area of the channel and
th e foreshore. However , the amount of accumulation would
likely be limited by the morphodynamics of the system and
it would probably not be possible to increase the relative lev­
els much above what they are at present.

To test if this tentative ass umption is correct, it is neces­
sary to classify the West Shore beach with simi lar shores
studied by other workers; once this is achieved similar mod­
els , an d therefore processes may be ap plied to aid interpre­
tation. As it was not possible to directly compare profiles as
the levelling survey had only been carried out as far as the
North Channel, it was decided to adopt the method of clas­
sificatio n proposed by MASSELINK and SHORT (1993) which
is based on Dimensionless Fall Velocity, n = HJw,T (GOUR­
LAY, 1968; DEAN, 1973), where H, is the breaker height (rn),
w, is the sediment fall velocity (rn/sec) and T is the wave
period (sec). A further parameter of significance to the defi­
nition is Relative Tidal Ran ge, RTR = Tidal range/Hi, For
the West Shore th e following values were used to calculate
nand RTR:

H, = 0.9 m, T = 6 sec, w, = 0.017 msec"

with w, interpolated from KOMAR and REIMERS (1978), based
on a grain size of 2.5 phi (0.177 mm ). This provides a RTR =

7.7 and n = 8.8 which classifies the West Shore at Llandudno
as an ultra-dissipative beach and places it in th e same class
as Pendine Sands; the extrapolated profile calculated earlier
would also appear to fairly closely match that of a beach with
a similar tidal range and sediment grain size.

For Pendine Sands, JAGO and HARDISTY (1984) found th at
over the lower foreshore th e shoaling effect on the incoming
waves formed spilling breakers which have relatively syrn-
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Figure 9. Percentage mud at 30 Novemb er 1993.

metrical onshore and offshore flow components. Therefore, to
maintain a bal an ce betwe en th e onshore and offshore sedi ­
ment transport only a low beach gradient is required. As th e
tid e rises and th e surf zone moves up th e beach, th ere is a
gradua l cha nge from spilling to plunging breakers creating
asymmetric flows over the upper fores hore which results in
a stee per gradient. Furth ermore, J AGO and HARDISTY(1984)
found th at th e large tidal ran ge creates a variable shoaling
modification of unbroken nearsh ore waves such th at th e
breaker height can cha nge signi fican tly during th e tida l cy­
cle, the resul t being tha t as the tid e ebbs, the break er height
decreases, swash and surf zones widen, th e surf zone becomes
increasingly dissipative and swas h zone velocities diminish .

The slope of the beach at any point th erefore re presents
the equilibrium gradient that is requ ired to maintain a bal­
ance between onshore and offshore sediment trans port com­
ponents (JAGO and HARDISTY, 1984). The beach is th erefore
self stabilising, so th at if the beach gradient is too stee p and
the offshore flow velocity too high , the gradient and flow com­
bine to increase offshore sediment tra ns port which moves

material down the beach thus flattening the profile until th e
equilibrium gradient is reached . Converse ly, if th e beach
slope is too low and th e onshore velocities too high, this com­
bines to increase onshore sedim ent transport which steepens
the profile until equilibrium is established again. Jago (per­
sona l communication, 1994) does point out that th e model
adopted for Pendine was somewhat simplistic and conceptu­
al, in that there are many oth er processes taking place such
as infra-gravity waves and tid al currents sweeping along th e
beach , which all combine to produce the morph ological effect
observe d.

From initial observ ation, th e West Shore would app ear to
fit well with the model of Pendine Sands, in th at at low tid e
th er e is extre me dissipativeness in th e surf zone with mul­
tipl e lines of breakers. Further th e inte rt idal zone is very
wide and breaker height increases as th e tide moves across
the beach. Thus it would appear th at th e morphodyn ami c
processes taking place at th e West Shore are similar to those
governing Pendine, including the tida l cur re nts sweeping
across the beach, in which case the earlier assumption that
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should the North Channel not be present then there would
be an accumulation of sediment over the study area, is prob­
ably correct.

At the present time there are in effect two points of
MLWNT on the West Shore beach profile: one which is lo­
cated on the seaward side of the North Channel (point D,
Figure 10), and one on the shoreward side of the channel
(point C, Figure 10). The former has a true beach slope down
to the level of LWLT but no actual beach slope from this point
shoreward to the point of MHWNT, only an imaginary one;
the latter point with MLWNT located on the shoreward side
of the North Channel has no true slope to the point of LWLT,
only an imaginary one, but does have a true slope to the point
of MHWNT, the gradient of which is controlled by the mor­
phodynamics of the system. With regard to the study area,
at the present time any material which is added through
beach nourishment will automatically be removed seaward
as the beach tries to reach an equilibrium profile. As the ma­
terial reaches the channel it is removed from the system by
high velocity tidal currents. Ebb tidal currents on a neap tide
have been measured at 0.4 m sec 1 but the presence of large
mega-ripples within and adjacent to the channel at low water
springs, and the grain size of the sand, would indicate veloc­
ities in excess of 0.6 m sec 1. This shows that the tidal cur­
rents following installation of the breakwaters have a higher
velocity than those recorded prior to installation. The break­
waters were designed to move the currents offshore but by
doing so they have restricted the cross-sectional flow area
resulting in faster current flows. Therefore, at present, the
beach is effectively being maintained at a lower level because
of both the removal of sediment from this part of the system
by the fast tidal currents in the channel and also because the
point ofMLWNT is maintained more shoreward by the chan-

nel than what may be its natural equilibrium position if the
channel was not present.

If the channel was absent, and there was only one point of
MLWNT which was on the seaward side of the channel as
one of the points is already (point D, Figure 10), then the
system would in-fill in the area over and above the channel
height and create an equilibrium beach gradient towards the
point of MHWNT, Figure 10. If this gradient was the same
as the present beach gradient, then it is probable that the
point of MHWNT would move seaward as sediment accu­
mulates within the system until equilibrium is reached. How­
ever, if the point of MHWNT stayed in the same position,
then a lower gradient slope would be produced but there
would still be sediment accumulation which would increase
the beach level. In either case there would be an increase in
the amount of wave energy dissipated by the system due to
the increase in beach levels, which although superficially
small, with a maximum of ~1.5 m at the point of greatest
difference, would be acting over a considerable distance of
approximately 600 m.

To summarise, on the basis of this study, it is considered
that the breakwaters are proving ineffectual in increasing
beach levels as originally proposed, because although they
are causing a certain amount of wave diffraction and thus
making wave approach more shore normal, the beach pro­
cesses required to provide a natural accumulation of sedi­
ment are acting secondary to the tidal effect of the North
Channel which is effectively removing sediment from the sys­
tem as a result of the faster tidal flows.

Accumulation of Fine Grained Sediment

The installation of the Gogarth breakwater has created an
area of exceptionally quiescent conditions immediately to the
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south of th e st ructure , which is clearl y allowing fine material
to accumulate . One of the main purposes of th e breakwater
was to cast a wave shadow in thi s area; in addit ion the break ­
water was design ed with a round head at its terminus so as
to draw by diffraction th e waves round into the lee and en­
courage th e build up of a new beach in this area . However ,
qualitative observat ions at th e site show an apparent absence
of this diffraction at lower tidal elevations during th e per iod
th at this area is covered by the tide. In addition, it was ob­
served th at the apron at th e end of th e breakwater was ab­
sorbing a large amount of wave energy during th e early
stages of coverage by th e ti de as the waves passed over it .
Therefore, the wave energy is reduced at the round head by
the apron, which limits th e effectiveness of the structure in
diffracting waves around it, as well as redu cing th e actua l
height of th e waves that are propagating over this area. The
absorbtion of energy from the waves by the apron re lates to
the size of the rock materi al making up the breakwat er apron
which is in excess of -6.25 phi (75 mm ) and thus has a very
large roughness length.

As the tid e rise s over th e apron, the incoming waves in­
crease in amplitude as they pass the step onto the apron until
th ey become limited by th e actual depth of water over the
apron its elf which will cause bre aking. As the waves travel
across the apron, the amplitude becomes reduced due to fric­
tion as a result of th e large roughness length of th e apron,
until the modified waves move across the ste p and over th e
beach, on th e shoreward side where a further amplitude re­
duction occurs. As the tide rises and depths increase, th e
wave amplitude und ergoes less modification due to th e great­
er depth having a less limiting effect on th e increase in wave
amplitude as it passes onto the apron. In addition, the dif­
ference in wave speed becomes less as the depths increase,
th e wavelength is th erefore not reduced by as much , so th at
the loss of amplitude due to the roughness of the bed and
associated friction becomes less. Thus, while the water
depths are low, th ere is little wave breaking or surf zone
swash and backw ash taking place immediate ly shoreward of
th e apron, because , as the waves are now travelling in rela­
tively deeper water they have become stable. Therefore , the
waves do not break and so ar e not having a stirring effect on
the bed leading to re-suspension of the fine material.

It is probable that there is little deposition of fine material
during the flood and early part of th e ebb as the wave action
would be sufficient to keep most suspended sediment in sus­
pension. However , as the tide continues to ebb it is likely that
fine grained material will be brou ght down the North Chan­
nel from th e Conwy estuary. At this time, the nett ebb flow
is SE to NW across the beach with the Gogarth breakw at er
restricting the divergent flow. Suspend ed sediment being
brought down from the Conwy would still be undergoing floc­
culation compared with material already in suspension in th e
open sea water. Thus, there is a likelih ood of incre ased set­
tl ing out of sediment due to flocculation and decreasing ve­
locities in th ose ares out of the main fast flow of th e North
Cha nnel, such as in behind the Gogarth breakwater and
apron. In add ition, J AGO and HARDI STY (1984) found that at
Pendine breaker height decreased during the ebb so condi­
ti ons would become more quiescent, which would obviously

aid settli ng out. Sus pended sediment would also be subject
to stra nding by th e limited swas h, which although increasing
in width during the ebb, has decreasing velocity. It is there­
fore most likely that deposit ion of th e fine sediment ta kes
place during th e ebb phase which allows increased cohesion
to tak e place during exposure at low tide. Thu s, by th e t ime
the flood tide has covered the sediment once aga in, th ere is
sufficient cohesio n between th e particles to prevent re-sus­
pension in th e absence of high wave energies. Becau se of thi s,
th ere is some seaso nality to th e accumulation of the fine sed­
iment, with accumulation app earing to occur du ring th e sum­
mer months, and erosion and re-suspension during th e win­
ter when the occurrence of st rong westerly winds is higher ,
allowing waves to come in behind th e breakwater and on to
th e beach. This sea sona lity was apparent following several
visits to th e study site after th e main monitoring period when
it was found that most of the surficial fine sediment was ab­
sent with most of the area appea ring to be sandy once again .
However, closer examination of the sediment profile shows
tha t th e sa nd visible at the surface was not homogenou s
through th e profile and that the mud or sa ndy mud observed
during th e monitoring period was present in layers below th e
superficial surface. This is due to the beach und ergoing "ar­
mouring", whereby the surface fines are removed by erosion
and re-suspension during periods of high wave energy, leav­
ing behind a layer of sand which is uneroded by the increased
wave acti on. This acts to protect th e fines further down with­
in the sedim ent column, preventing re-suspension. Thus,
winter storm condit ions will go some way to removing the
fines from the beach, but it is unlikely th at all of th e fine
material will be eroded out unl ess the beach is stripped of
sediment to some considerable depth.

CONCLUSIONS

From a coastal engineeri ng or protection asp ect , th e in­
stallation of th e Gogarth breakwat er may be considered suc­
cessful in its pr ime objective of protecting the sea wall behind
it . However , from an environmental per spective, it has not
increased beach levels as proposed and th e installa tion of th e
breakwater s has had an ext remely detrimental affect on th e
natural beach environment which has certainly not enha nced
the Llandudno, West Shore as a recreational amenity.

The reasons th at the breakwater have not incre ased beach
levels as proposed at the design stage are believed to be due
to the morphodynamic s of the macro-tidal beach which give
it a long, gently sloping, concave up profile, and because of
th e tidal currents flowing through the North Channel. Th ese
currents are presently controlling the position of th e MLWNT
level of th e beach profile by the removal of sediment from th e
system. In addition fine sediment is collecting in the lee of
th e breakwater becau se, not only does the breakwater act as
a wave screen, but the large apron at th e end of the break­
water ha s the sa me effect by damping out wave energy at
lower tidal levels. This creates extremely quiescent condi­
tions during the ebb phase when bre aker height decreases
allowing settling out and st randing of th e suspended sedi­
ment. This is aided by conti nuing flocculation of fine mat eri al
brought down from th e Conwy estua ry and decreasing flow
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velocities. Cohesion of the particles during exposure at low
water reduces the likelihood of re-suspension during the next
flood tide, except under high wave energy conditions from the
west.

A further detriment to the area is that the fine material
accumulating behind the breakwater and apron has a high
organic carbon content, probably resulting from the trapping
and deposition of sewage, either from the offshore outfall or
that being brought down the Conwy estuary, a factor which
appears to have been completely overlooked at the design
stage.
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