AN EVALUATION OF THE PHYSICAL IMPACT AND STRUCTURAL INTEGRITY OF A
GEOTEXTILE SURF REEF
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Geotextile tificial surfing reefs (ASR) are being considered by coastal planners due to their multifunctional

potential for coastal ptection and habitat provisionas well as additional recreational amenity. However, little

research exists on the impact of submerged geotextile structures on the physical marine envitonmentp e 6 s f i r st
ASR was constructed in 2009 on the south coi&ngland in Boscombe and is the case study for this papés.

research investigates the claims regarding the structsiience of an ASRthe modificationsto the inshore wave

climate and the shorelineresponse induced by the introduction of A8R to a systemThe Boscombe ASR has

suffered from damage, twoajor geotextile sand filled containers have degraded in this shallow marine environment

in two years postonstruction Observations and simulations presented indiaatelioratedwvave field leevard of

the ASR. There is little shoreline response, given the structures distance offsttbr® salient or widening of the

beach has occurred.

Keywords:submergedreakwater artificial surfing reef multipurpose artificial reef, geotextilecontainers

INTRODUCTION

Europebs first Artificial Surf Reef (ASR) was con
Gaining much media attention the ASR had been a fierce subject of debate amongst the surfing
community with mixed opinions being expressed rdmey its successThis paperaims to provide
coastal engineers with an objective review of the BoscoABRBR (Fig. 1)through the following
objectives; investigating the claims made regarding the modification to the wave field using a numerical
model, proviling information on the structural integrity of a surf reef and describing the shoreline
response to a geotextile submerged reef. Other thabjectiveassessment of the Boscombe ASR as a
surfing facility 6-month postconstruction by Davidso(2010, thereare no descriptions dhe impact
of the ASR on the surrounding physical environment. Conclusions of this study are expected to aid
coastal planners in decision making regarding the future use of geotextile technology, specifically those
considering ASR construction.

Figure 1. Arial view of the Boscombe Artificial Surfing Reef, UK as it looked post-construction 2009. Top
right side of the image is shoreward extent and left side is the seaward extent of the reef.

An ASRis a geotextile submerged structure designih the intention of altering the local wave
field to enhance environmental conditions for surfihgreby providingsurf tourism.Artificial reefs
essentiallyreplicatethe form of natural reefs i.e. sand bars (bar and channel lower beach topography),
rocky reefs (remains of cliffssheetor rubblg or coral reefsdan beatolls, barrier or fringingeefs.
Artificial surf reefs are often claimed to beuhifunctional (Mead and Black, 20Q2as this
enhancement of the environmental conditionsften claimed to not only provide increased tourist
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amenity through surfingASR Ltd, 2009 Black et al., 2003Pitt, 2010, but also to provid@abitat for

the marine ecosysterfBortone, 2006Jackson, 2003Vlead, 2009 Moschella et al., 20Q%ratt, 1994

and protecthe coast from erosiofMartinelli et al., 20110h and Shin, 2006Submerged breakwaters

are becoming a popular option for coastal pridde¢ mainly due to their low aesthetic impact on the

natural environmenfRanasinghe et al., 20L0The reef is designed to mitigate the wave energy to a

certain level, allowing water to overtop and circulation at the nearshoreltocstilr. Unlike other

coastal engineering structures (e.g. breakwaters) and traditional artificial reefs, no regulations or
protocols of good practice exist for the implementation of ASRs. As a consequence, very little is known
on the impacts of such sttuces in the coastal environment and how they actually perform in
promoting their multiple functions.

This new and rapidly developingesearcharea has seed geotextile reefs in existendwveall
beenconstructed in the last 12 yea®sSRs have been catructed globally withvarying levelsof
success; USABorrero and Nelson, 2008lelson, 1995 (later removed), AustraliéBlack and Mead,

2001, Jackson et al., 200dackson, 2005 two in New ZealandMead and Black, 1999Taranaki

Regional Council, 2009 India (ASR Ltd, 2010 Tourism Concern, 20)2and most recently the UK

(ASR Ltd, 2006 Black et al., 200D These reefs have employed geotextile technology to form the bulk

of the structure, for example Med@009. Each reef was constructed based on a detailed design

supported by nmerical and/or physical model results, indicating a likely (or theoretically likely)
improvement in surfing conditio&hand, 2011l The majority of physical and structural ASR research
has been undertaken in the last deq@tairfe et al., 2009 There are more projects of this kind being

considered by practitioners intationally including proposed ASRs in théSA, Spain, Portugditen

Voorde et al., 2009 Brazil and Dubaio name but a few
In 6 fie Construction,Design andEnvironmentalEffects Report for Boscombe Artificial Surf Reef,

UKO (ASR Ltd, 2006 the following claims were made regarding the impacts to the physical coastal

environment:

1. Modern geotextiles are durable materials with a postulated life of up to 18@ yéen
submerged, even in a challenging marine environment. The guaranteed life of the geotextile
material will depend on the fabric used. By way of example, the material specified for the Noosa
ASR in Australiacarrieda2pear manufacturer6és guarantee

2. Modelling of sand banks and currents demonstrated that the reef beneficially protesiashe
from erosion.

3. Inthe longterm, no negative impacts are anticipated, as the reef protects the coast in its lee and has
no measurable effect away from the reddng the coast. No adverse effect on the existing
nourishment and groyne programme is anticipated.

4. There are no adverse rip currents or changes to the currents with the reef present that could
strongly affect public swimming or surfers using the reef lagach.

5. The reef provides some shelter from waves at the shore and greatly improves the natural sand
banks for surfing.

Derived from claims in the literature, three objectives are put forwargrovide information
regarding the ASRs structuregsilience, to describing the shoreline response throughathalysis of
bathymetric surveyand investigate the modification to the wave field using the numerical model Mike
21.This paper presents an introduction to the study site and the case study Bos&Rylfelldwing
which the methodology, results discussion are given for each of the three objectives. Conclusions are
then drawn at the end of the paper.

STUDY SITE

Boscombe ASR, UKFKigure 2) cost £3.1m, took 18 months to construod avas completed
03/11/2009. 32 geotextile sand filled containers of various sizes set in opposing directions were
positioned by SCUBA divers in two layers and filled with sediment insitu.
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Figure 2. Maps showing a) UK, location of Boscombe on the south coast, and b) Boscombe Artificial Surf
Reef location in relation to the coast and pier.

Boscombeand is located on the south coast of England in Poole Hgyré2) andis now more a
suburb of Bournemoutthanthe town it once wasSituated 225 m offshore in 2.7 to 5 m depth the
footprint covers 45,000 mThe wave climate can be described as low energy especially in summer
months and receives localised storm conditions during the winter m@hinsignifcant wave height is
0.5 m, modal period is 4 seconds and modal angle of approach®isDl@le t o Boscombeds | ot
along the English Channel, muohi the long periodswell from the AtlanticOceanis dissipatedas it
propagatesver the continental shdbefore it reaches this coastlinendforms such as Hensburgét
at the southwest extent of the bay alsfract and dissipate energy, providing a natural shelter to the
coastline. The tides aremidiurnaland can be described ascrotidal, with amaxmum spring tdal
range of 1.96 mThe ntermediate beachasa stabilisinggroyne field for retaining nourishment
sediment.

METHODOLOGY

Structural resilience and shoreline response

The structural changedo the geotextile reefand shoreline responseere investigated using bi
annual bathymetry survey®ata is processed to remove erroneous data pemidtishecks run to ensure
observations were realistiéll bathymetry and topography dateere interpolatedising Matlab from
which the shoreline and conmtioplots wereextracted Detailed ASR bathymetryada for2009 to 2011
were made availabley the Bournemouth Borough Countilr the region of interesindinterpolated
with bathymetry dategnabledsix bathymetries to be investigated

Modification to the inshore wave field

In this study,modification to the wave field isimulated using the coupledimerical model Mike
21 byDHBs (Dani sh Hy dMKE @1 $pectral Wavds imbdule Bsdas tokthea r t 0
numerical tool for prediction and analysi§ wave climate (wind generated and swell waves).
Bathymetry was generated from DGPS (Differential Global Positioning Systewgying using spring
2010 data, before damage to the structure was obsezmedringthe environmental impacts of the
entire sructurewere replicatedThe model domaigovers a 1 x 2 km stretch of coastline in Poole Bay
(Fig. 3). The domain was made wide enough to ensure that boundary effects dissipated prior to the
region of interestgroynes were removed from near the boundaryhey had a deleterious effect to
model stability
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Bournemouth

Google earth
Figure 3. Model domain superimposed on satellite image.

The finite element mesh generated was refined so that shallower areas of interest had finer
resolution Fig. 4). The maximum and minimum element area is 300 to 0 respectively. The
artificial sur f reef is incorporated as bathymetry
shape in the flexible mesfihe presence of the piand groynes are included iretmode] piles of the
pier incorporatedn themodel set u@nd goynesare buit in to the back walbf the beach. Boundaries
are set accordingly, the inshore is closed, east ai
boundary is forced wiit obliquely incident waves. Airectional WaeRider MKIIl buoy positioned at
10m water depth has been collecting dat&fif@ years prior tahe project. The south boundary of the
model has beerpositioned so that data from the buoy could be used to douadary conditions,
calibration and validationCharacteristic wave conditions for this area have also been calculated using
this data set.
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Figure 4. Model domain with mesh and location at boundary of wave buoy in 10 m water depth

As the beach at Boscombe is highly popular with water sports users all year noeacsiaoreig
to position data recordevgas not appropriatéata on wave attenuation in the leeward area of the ASR
was collected bpressure transducefBTs)attached to the ends of four groynes during spring tide low
for one calendar month January 20Tto PTs were placed leeward of the ASR on groy&and24
and for comparison two were placed on groyBésand 28(Fig. 5). The latter were chosen as they
repesented a similar stretch of 6nThisdatasdsaolldttedach wi t h
in order tovalidate thenumerical model.
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Figure 5. Model domain with pressure transducer locations highlighted

Validation of the Mike 21 model (Fig6) was carried out using waymioy data for the same time
period as the measured data by the pressure transducers was collected. Comparison of the measured
(red) and modelledblue) wave datas good The 10 m wave buoy data duk) have been included to
provide evidence that the pressure transducers and model are accurately representing the nearshore
environmental conditionsThe model is considered to be resolvingsigiation of wave energy
appropriatelydue to the accuracy dhe model predictionRoot mean squared error (RMSE) of
between 0.10m and 0.14m for the four data comparisons offers strong confidence in the model.
Regression analysis provides further confidence in the data allowing us to predict 78 to 85 % of the
variance in themeasured data with the mod&8ensitivity analysis on a sensible range in gamma was
conducted however the best fit was the default of 0.78.

Leeward of ASR

'é; 2 T T T
= || — Wave buoy measured LA
24 PT measured RMSE 0 14m A f ?» N M\Lw‘ﬁw;\/\ o078
@ ||~ Mike 21 modelled v o A a0 \,\ Ya% Y Y \ r<=0.
8 o et YL Vet A AN
271 01/02
E? ——Wave buoy measured ' YA
£ PT measured RMSE = 0.10m A\J‘M‘*’} ) m\/\.r\A‘C 2
= ||~ Mike 21 modelled P J’\ - #r»‘ 2 J‘|| uf A 4 1ri= 0.84
& ot et | ﬂ VY A \ 1“' LT
2701 01/02 06.!"02
Beach area— No ASR
g2 . :
— ||——Wave buoy measured . '\.\‘j’ ‘A
2, PT measured RMSE = 0.12m fﬂ/lll ,A l'\/".]r o 079
~ || Mike 21 modelled f I _.u r2=0.
PO e A e W \[ \ﬂs\fm\fw "M'Tfj\rl r | l’ l{ u
27/ 01/02 OBFOZ
E? Wave buoy measured I I »\'/’\' I
vl | M f e,
2, PT measured RMSE = 0. 10m Iﬁv\’r p \“5{’\*“\: g r2= 0.85
o |l—— Mike 21 modelled A Vo . [ o “\1 H Y f AT IR '
b e w v Ve £ \Y/’V VA 0 s Yt A J“ ‘? f \.’{ ARNAR
27!0‘1 01/02 06/02

Date (2011)

Figure 6. Measured data from the pressure transducers (PT) plotted against the modelled results with the
wave buoy data included for reference. With groynes 23 and 24 leeward of the ASR and groynes 27 and 28 in
an area of beach considered to be unaffected by the ASR.

In order to investigate the claim that the ASR would createediesbd area for swimmers and
bathers we wanted to understand if there were conditions under which the reef may focus or dissipate
wave energy and therefore increase or decrease breaker height leeward\8Rtkid,). This was
compared to the breaker heigit the beach () under the equivalent conditions. Theoretically, it is
logical that small amplitude waves propagating in deep water (arounetidédhwill focus wave
amplitude at leeward of the ASR (A>1) due to the absence of dissipation and refrGoinwersely,
higher amplitude waves propagating in shallower water will be dissipated by the reef leading to reduced
wave height at the leeward beach (A<®jvironmental conditions were tested through a variety of test
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cases with different wave heightperiods and water leveldVave attenuationcoefficient (A) is
considered to be a function of wave height (H), tide, wave pefipd (a nd dias gvertby:on ( d)

H/Hb= A = &4(H,tide, T, d) (1)

A matrix of model tests was planned spanningphemeter space of the dependent variables in
equation 1;in all 180 simulated scenarios were generated. All tests weratran angle of oblique
wave approackl = ° as7hg effect of angle of approach simply shifts the effect to the east or west of
the ASRand wave direction has limited bearing on the mode of shoreline res{iRarsasinghe et al.,
2010. Due to thetypically low energy environment at Boscombe, H ranged from 1 to 0.125 m in five
increments, tide represented the sgtiidal range 1 tel min nineincrementsandT =5, 6, 7 and 12 s
were investigatedAn assessment of the wave climate was carried out using the model in the area
shoreward of the structure and a beach area that is considered unaffected by the.sTiuetomodel
was run using typical wave height conditions for Boscombe (H ranging from 1 to 0.125 m in five
increments), the period was set at the average for Boscombe, 6 s and the tidal range was 2 m. The
results were averaged for a typical tidal cycle.

To investigatehe mode of shoreline changethe Boscombeeef site work by Ranasinghe et al
(2010 was replicatedin this work, physical and numericalogiel simulation of a theoretical reef were
examinel to establishunder what conditinsthe mode of shoreline response to a submerged structure
might be accretive or erosivahey concluded that when acglled circulation pattern was present
divergent currents were created leading to erosion at the shoreline. Whmsiled4circulatiorpattern
was present convergent currents were created leading to accretion at the shorelfe (Fig.

Erosion Accretion

) shoreline shoreline
Divergent currents

Figure 7. Example of submerged breakwater induced circulation patterns leading to: (a) shoreline erosion
and (b) shoreline accretion, taken from Ranasinghe et al. (2010). The arrows indicate the general circulation
patterns found through physical and modelling tests. The cross-shore distance from the shoreline to
structure (Xp) and breaker height (Hp) effect the pattern of circulation; Ranasinghe et al. (2010) found that
increasing X, (from 100 m to 300 m) and Hp (from 2 m to 4 m) produced the 4-celled circulation pattern.

RESULTS

Structural resilience

Boscombe ASR has suffered damage; two major geotextile containers have dégrintedhallow
marine environment in two years pasinstruction. A timeline of events is presented (Bjaas a guide
for this section; it highlights theain dates of construction and completishenstructural faults were
discovered in bathymetry stgysand the ASRs eventual closure to the public
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Summer 2008 15t Layer of SFCs
Summer 2009 2" Layer of SFCs
October 2009 Construction completed
Winter 2010/11 Hydraulic reworking of sediment noted
April 2011 SFC failure recorded by annual survey
April 2011 Reef closed after concerns for safety
April 2012 Further SFC failure recorded by annual survey
Present situation\/ Uncertain future for the ASR, it remains closed

Figure 8. Timeline of event from the start of construction in 2008 to the present (2012) situation. Geotextile
sand filled containers (SFCs) were filled insitu by SCUBA divers over consecutive summers with
construction being officially completed by 02/10/09.

The upper images (Fig9) illustrate where crosssections of the ASRwvere taken through all
surveys.The lost geotextile container is highlightesd 4 m gap betweegeotextilecontaines and a
depression in crest heighf 2 m. This containersisignificant as the structurew has & undulating
crest; it was deemed dangerdaysthe counciand could possibly trap surfers or swimmers in turbulent
waterson the reefs cresThe ASR was subsequently closed to the general public in April 2011.

The lower imagegFig. 9) show the same crosection over awo-year period every 6 months
starting in October 2009. This first profile is taken shortly after reef is declared finished, the
undulations of thegeotextile containergare obvious yet fatively smooth. After the 200%vinter,
changes in the shape of the raeg evident in the May 2009 suryexediment has been reworked in the
containers leadingp some areas of containers experiencing increased crest height whilst others have
lost crest height. There are notable changes to the surrounding seabed level from the first to the second
survey, erosion in the western and north and accretion to tharehsbuthern areas. Few changes are
seen over th010 summer months as wave energy is considerably reduced and the October 2010
survey is similar to May. Following th2010/11winter further hydraulic reworking of sediment in the
geotextile containerisevident as the ASR shape is changed from the original construction and design.
The lost container is evident as the latg® meter deviation from the other three profil&sirther
damage discovered by the April 2012 bathymetry survey, althowgge data have not been made
available by the council; the geotextile container to the right of the gap is now also lost making the gap
between containers up to 10 m.
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Figure 9. Cross-sections of the ASR bathymetry in April 2011 (above) with example profiles for the
associated plots (below). Profiles taken through the ASR from four Channel Coast Observatory bathymetry
surveys.
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Shoreline Response

In three years since constructidrete has beemno shorelinesignificantresponse to thBosmmbe
ASR the small fluctuations(<0.2 cm)that are observedre not different from elsewhere along the
coastline or out of line with normal seasonal fluctuatidfgg. 10). The mode of shoreline response is
neither accretive not erosivélo accretion hadeen observed at the shoreline and no salient (or
tombolo) formation has occurred in its lee despite claims that the reef could aid the retention of sand
replenishmentA nourishment scheme at Boscombe creategthsenteachtopography, once settled
the shoréne has been held from April 200Bdforeconstructioncommencejlto April 2011 (2.5 years
postconstruction).In the UK, mean sea lev@MSL) is equivalent to Chart Datum, NewlydK (0 m
contour in Fig. 10).

Offshore where there ASR induces thegkest modifications to the wave filed, there has been some
significant changes to the bathymetry since the introduction of the As®e is localised scouring at
the base of the structure creating a steepening of the bathymetry towards the beadeimattiedrea
of the ASR.The-3.5 m contour hasrodednear the base dhe reef (Fig. 10and migrated over 50 m
towards the shorelinelThe overall migration of the contour landwafe20 m) is the result of the
reworking and settling of the beach nourishtrmaterial as some is inevitably lost.
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Figure 10. Shoreline (0 metre contour) and contour in topography (-3.5 metres) to highlight mode of
shoreline change and fluctuations in bathymetry.

Modification to the wave field

Consigent to theoretical predictions, the reef attenuation coefficient (A) increases
proportionately with water depth but inversely with wave heighe filled contour plots (Fig. 11) show
that attenuation(A) does not approach, nor exceeded 1 (bright yelld&hen plotting the breaker
height in the leeward area of the ASR)(Hver the breaker height at an area of beach unaffected by the
ASR (H,) we see that undeall conditions testedhere is attenuation of wave enerdynder no
conditions are wave breakeeights leeward of the reef greater than the offshore wave height at the
boundary.
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Figure 11. A filled contour plot of the height at breaking leeward of the ASR (H,) over the height at breaking
at the beach (Hp) for 1 m wave heights, tidal range 2 m and period 5, 6, 7 and 12 s.

The resuing current speesifrom averaging the model output over an approximated tidal eyele
givenfor five wave heights typically experiencedthé Bosconbe ASR(Fig. 19. This shows the effect
of wave induced cuents only and does not include the effect of tilittle response at the shdire is
simulatedhowever there are areas of divergence highlighted dthilgrger wavesimulations near the
structure There is diversion in current direction whep=H1 mand H = 0.75 m, indicated by the larger
black arrows(Fig. 12), highlighting areas ofpotential erosion There is minimaldivergenceor
convergencef currentsand thereforao likely shorelineresponsevhen wave heights are simulated for
0.5, 0.25 and 0.125 rwater véocity near the coass typically >0.2 ns’. The setup of gradients in
wave heighnhear the ASRausencreasedvatervelodgty over the regfranging from0.7 to 0.2 ms'.
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Figure 12. Wave induced model simulation over 12 hour tidal cycle
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DISCUSSION

Structural resilience

The stability of the Boscombe ASR has been questisima construction begamhe geotextile
containers have shown to fail in the final inspection refRithards2009; t wo apparent #dAtear
temporary tiewrap stitching were located and several anomalies were highlighted which may be defects
where the reef has been patched in places. The bags were repaired however these weaknesses remain a
serious concern fahe continued integrity of the structure. Verbal accounts of the geotextile containers
suffering from wave impacts and associated sediment movement have been noted during questionnaire
based research with surfers and members of the p(Réndle and Rodwell, 20);2&fter the first
winter post construction it was noted that the structure was suffering from hydraulic reworking of the
sediment andthat there might be straimahe structure ir201Q The largesgeotextile containarare
approximately 5 meters in diameter and 70 m long (there are ombynt@ines of this size and they
make up the bulk of the structurd) postwinter inspection(April 2011) of the ASRhighlighted one of
thesewas damagedhe ASR lost 80 tons of sedime®n adjacent geotextileontainerwas lost from
the main crest of the structure after 2.5 years (in 200t&.councilclaim that a boat propellezraused
the damage to the first geotextile cainerandthey have an insurance cfaipending based on that
belief (Bournemouth Borough Counc2012. It was hoped that thfirst containerwould be replaced
(at the cost of the insurer) in August 2011 whilst other remedial weeke taking place, howeer
neither worksor repairdook place due to a break down in relations between the construction company
and the councilAt time of writing (August 2012) the ASR is still closed to the public due to safety
concerns surrounding the damaged area andatiemgmal for trapping of swimmers or surfers.

Certain ¢aims made in the original design documentation for Boscombe ASR incited investigation
into the integrity of the struct uroderngeotxtiestaem geot ext
durable materials with a postulated life of up to 100 years when submerged, even in a challenging
marine environment a malguafianteed life of the geotextile material will depend on the fabric used.
By way of example, the material specified for the NoosaRAin Australia carried aS2year
manufact ur e(ASR Ltdy 20a6r Tain tindeestandably led the council to believe that they
were investing in a product that would last for a minimum lifespan of 25 years and that the structure
would remain intact during that timélydrological reworking of the sedimat within the geotextile
containersalongsidehe compressioandsettling of sedimerthasaltered the structure from its original
shape and from its desigDue to the initial loss of the geotextile container in 2011 there was up to 2 m
change in the cet height of the ASRThere are some signs efosionat the landward and westward
sides of the structure although these are considered minimal.

This area of coastline is relatively she#térfrom open ocean swell asergy is removed as waves
propagate wer the continental shelf.ocalised storm waves are frequent in the winter period and likely
to causelocalisedreworking of beachsediment.The damageaused to the reef is a combination of
damage from the hydraulic reworking of sediment within the @oetsapplyingstrain on the material
and seamsas well as some propeller damage. It is important to understand fully the localised wave
climate and therefore the pressures exerted on the geotextiles during the desigrGpbtesdile
submerged breakwate or ASRs are inherentlgazardousear shipping routes or recreational boat
users due to navigational dangers due to the delicate nature of the geotextile coAdfigoaally, to
ensure there is no potential for damage by propelleese theeds tbe more comprehensive signage
an ASRIif there arerecreationalboatsin the inshore areaso thatinexperiencedpowerboat users
correctly understand the cardinal marker buoys. These buoys need to be fixed properly, there were
incidentsof buoysbeinglost during storm eventand the Boscombe ASR went unmarked during winter
months.

Shoreline response

Regardless of the fact that the ASR was not built for coastal defence, there werdAg&iRrigd,
2006 that themodeling of sand banks and currents demonstrated that the reef beneficiallysphatect
coast fom erosionClaimsweremade tlat might havencited an expectance of beach wideningthe
sheltered lee of the reethe beach will become wider by up to 40(ASR Ltd, 20®). Alongside
which, no negative impactwere anticipated, as the reehs claimed to protethe coast in its lee and
have no measurable effect awérom the reef along the cog#®SR Ltd, 200§. There is little shoreline
response, given the structures distaoffshore and no salierfor tombolo) formatioror widening of
the beach has occurreficcording to the empirical theory given by Ranasinghe and Ty2@94) the
magnitude of shoreline change relates to structure length, crest height arshoresditance offshore.
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Circulationinduced by gradients in wave height at the ASR are a significant distance offsh@dem)
therefore do not have an effect on 8fereline.The Boscombe ASR is far enough offshore to have
minimal interaction with the shorelin@his canalsobe observed in the bathymetry surveys (BiQ).

where the shoreline contour has not migrated somestruction began i2008; there ha been no
observed accretion at the shoreline over the past three kfeavever, some erosion has been observed

in the bathymetry Here is localised scour and erosional affects near to the structure between the 3 and 4
m contours.

Modification to the wave field

To investigate the claim that Boscombe ASR will
Mike 21 was used to simulate the beach and provided a useful tool to assess how the ASR is impacting
the wave climate at Boscombe. An assessmenhefwave climate in the area shoreward of the
structure and an area away from the structure was carried out theneistiag the height at breaking
in a scenario with an ASR ¢Hand without an ASR (§). For all the scenarios tested the Boscombe
ASR proves to dissipate wave energnd provide an ameliorated wafield shoreward of the structure.
In terms of wave heighthe ASR therefordulfils the claim that the area leeward of the reef is safe for
bathers; certainly it is no more dangerous at the nearshan the rest of the beach area.

The model was also used to investigate the cuiatierns surroundinthe ASR; of particular
interest is the return of water mass around theawee@fthe potential for generatiofrip currents. In
order to gaugdow this would manifest over a tidal cycle simulations were averaged over a 12 hour
cycle for varying wave heights, from 1 m to 0.125 m (Fit). The results show no response to the
wave currents under the smaller wave conditions of 0.125, 0.25 andv@averheight. Although weak,
divergent currents are highlighted in the 0.75 and 1 m wave heights sce@aresthe small size of
the reef and its distanceffshoreis far enough that any erosional effects are not observed at the
shoreline or in the beatbpography.

To further explain the wave driven currents at the ASR, typical conditions for Boscombe (1m
wave height, 6 s period, angle of approach is shore normdl) 4@ shown (Fig. 13), simulated at
three diferent water levels (1, 0 antl m) toreflect spring tidal conditions. dditional manually placed
directional arrows to highlight the circulation pattern at the ASR and possible gyresver water
level (-1 m) conditions a 4elled circulation pattern is apparent. With increased water (6val) the
concentric secondary cells are lost and-eel®ed circulation patterof divergent currents can be
observed. When the water level is-aAtm and Om the cresbf the ASRis emergent and the circulation
patternis enhaned compared to when theest 5 submerged. Biulation of the water level at 1 m
generates a weakercelled circulation pattern of convergent currents and associated with accretion.

These resultsare consistent with physical and numerical model work by Ranasinghe(20Hi)
where they illustrate -220 4-celled circulation patterns occurring around submerged breakw&igrs
7) with varying wave height and increasing distance offshore. Modelling the water level at its highest
extent shows that the-&lled patern is weakest in velocity at the high tide. The velocities are
weakened in the higher water level (1 m) scenario compared to the relatively stronger velocities in low
(-1 m) water level scenario. The results of the simulations of Boscombe ASR reflectatiosns in the
literature and, although weak due to the limited local wave climate, reveal this circulation pattern acting
at Boscombe nearshore coastal environment. Further to this, the steepening of the bathymetry leeward
of the ASR (Fig. 10) can be ptained by the presence of a gyre at the location of the erosion.

Mike 21 simulations have been derived using wave driven conditions .sBlelyreinvestigation
will combinetidally driven currents into the hydrodynamics to understandipheurrents athe ASR.
Due to the presence of the reef no return flow near the bottom can compensate for the water masses
accumulated behind the reef due to wave set up. The return flow is hampered by the incoming waves,
enhanced longshore currendsd tidal effectcould therefore evolve with an associated erosion
potential.
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Figure 13. Examples of Mike 21 model output for 1 m wave height at 6 second period at various water levels
with the change in circulation and velocity being dependent on crest height. Water level at 1 m (upper), 0 m
(centre) and -1 m (lower). Heavy black arrows added to highlight circulation patterns.









