DESIGN AND CONSTRUCTION OF THE BOSCOMBE MULTI-PURPOSE REEF
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The Boscombe Reef is a multipurpose reef structeséggded primarily for the enhancement of surfingenity at
Boscombe, Poole Bay, England. The reef was desigmedaximise the small and generally poor-qualityfiag
wave climate of the eastern English Channel cod$ie reef was constructed from 54 large, sand fifledtextile
containers ranging in size from 1 to 5 m diameterd 15 to 70 m long with a total volume of approeiety 13,000
m®. Construction of the reef began in the summerQff82 was suspended during the following winter amad
completed in the late summer of 2009. The reelois in service and provides a high intensity rightd surfing
ride of up to 70 m and a shorter left hand rideupfto 30 m. Although the reef was not designec a®astal
protection structure, monitoring of the morphol@icesponse supports that the reef promotes shotection
through the formation of an inshore salient.
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INTRODUCTION

The Bournemouth Borough Council commissioned ASR Ltd to dewvelopilti-purpose reef for
recreational purposes in Boscombe. The reef is part wiumicipal redevelopment scheme, the
Boscombe Spa, which included the refurbishment of the loeal g5 well as the development of
restaurants, shops and residential property. The aiheakef project was to enhance surfing at a site
which presently provides only mediocre surfing conditiokighile designed primarily for surfing, the
coastal protection aspects of these structures is alatecdst.

NEARSHORE ENVIRONMENT AND DESIGN CRITERIA

Boscombe is located in the western English Channel ogathitn coast of England, approximately
150 km, southwest of London. Due to its location, Boscomishéltered from the large swells of the
north Atlantic Ocean. Frequently however, local winds prodinet choppy seas affecting the area.
Despite the adverse conditions for recreational wave ridinging is nevertheless a popular activity
here, with the third largest surfing population in the UK.

Since multi-purpose reef design projects are limited bysiphly and economic constraints, the
design must take into account a wide range of factors t@irotite optimum solution for a particular
location. At Boscombe, the key factors investigated as pénedterative reef design process were the
wave climate, the wind climate and the crest height.

For the design process, detailed field studies were condattéide proposed reef site. This
included surveys to accurately represent the nearshore bathyiéave data was collected from both
a waverider directional buoy located 1 km offshore of the &obe Pier (Figure 1a) and supplemented
with a 6 week deployment of an in-situ wave and currenémie 5 m water depth at the proposed reef
site. Wave transformation studies were conducted betweemvohdata sets to establish an inshore
wave climate for the design process. The design wave corslftio the reef were fd,o=1m + 0.5
m; T=7s+2s, and wave direction coming frb@1°N + 6°.

Water level information was derived from a tide gawgmted on the Bournemouth Pier. The tidal
range between MHWS and MLWS at Bournmouth is 1.76 m. Tded 8ignal at Boscombe is
asymmetrical in nature with a prolonged double-peak high watédpand a short sharp change in
water levels at low tide (Figure 1b). This asymmetidal curve means that water levels are above
mid-tide level for 75% of the time and had significant &mipon the reef design. To ensure that waves
break on the reef for a reasonable proportion of the tigtdé 6t was necessary to raise the crest to a
level above mean low water springs.
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Figure 1. (a) A rose plot for the Boscombe wave climate showing waves coming from predominantly a
southerly and south-southeasterly wave direction. (b) A time series of the highly asymmetrical tide signal at
the reef site.

Table 1. Water levels
at Boscombe.

Tide Level W(arthfrALgl\:/)c)al
HAT 2.59
MHWS 2.21
MHWN 1.67
MLWN 1.17
MLWS 0.45
LAT -0.06

A wind rose for the site is shown in Figure 2. The daggests that southwesterly winds are most
common, however the wind can come from virtually amgation. The wind climate can be severe
with winds frequently exceeding 10 m/s (19.4 knots). Ingddedal surfers report that surfing
conditions are frequently driven by or in conjunction wittoisg local winds — a less than ideal
situation

Windspeed (m/s)

Figure 2. Wind rose plot for Boscombe.

MULTIPURPOSE REEF DESIGN

The final reef design incorporated the following main fesgura dual level reef with a focus
section (Mead and Black, 2001a, b) designed to draw maximwe eveergy onto the reef and a wedge
section (Mead and Black, 2001a, b) along the crest to breasviaa manner suitable for high-quality
surfing. The design has a crest height of 0.5 m above ciitannd The reef produces a predominant



COASTAL ENGINEERING 2010 3

right hand surfing ride approximately 70 m long with a shor@emBlong left hand break. The white
water generated after breaking on the left-handed wave dasipenigperiod chop originating from the
south west quadrant so that it does not propagate through neathaight-handed wave. This design
was set in water depths of 3-5 m (CD) (Figure 3 a).
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Figure 3 (a) Computer generated, numerical model design shape of the Boscombe Multipurpose Reef, (b) a
schematic of the geotextile container layout and section anchoring strategy for the full scale prototype and
(c) location of reef 280 m offshore and east of Boscombe Pier, Poole Bay, England.

The design peel angle for wave breaking over the reef wasippd to cater to surfers with skill
levels of 3-6 (intermediate to competent surfers, dutl., 2001). In the present case, considering that
surfable wave heights generally occurring at Bournemowtioarthe order of 0.5 to 1.2 m, peel angles
of 50 to 70 degrees would be appropriate (Figure 4).

The reef design was further optimised through physicalrédbry scale modelling. For these
studies a model of the reef at 1:30 scale was built usiatpd construction elements representing the
sand filled geotextile containers to be used to consthecteef in reality. With this method the reef
shape could be fine-tuned and the container layout specifiedtprmonstruction. Validation based on
qualitative assessments of the wave breaking on the conhpleéf indicates that the laboratory
modelling was reasonably accurate (Figure 5).

Further design/impact modelling was undertaken for enviroraheinipact assessment and
permitting purposes, which is not presented here.
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Figure 4. Design range of peel angle and wave height using the method og Hutt et al., 2001 for the
Boscombe Reef

Figure 5. (a) Wave breaking over a 1:30 scale laboratory model of the Boscombe Reef and (b) a wave
breaking over the nearly completed reef.

REEF CONSTRUCTION

Reef construction began in the summer of 2008. Constnuatis based on using large sand filled
geotextile containers arranged in sections. The sectiores @@npromised of up to 14 individual
containers ranging in size from 15 to 40 m long with diansedn the order of 1 to 4 m. Each section
was deployed from a barge and anchored to the sea be® wath concrete blocks. The containers
were filled through the use of a land-based pumping systemected to the reef via a 200 m long
pipeline. Clean sand stocked-piled on the beach wasemioyt to the reef in a sand/water slurry and
the filling was controlled by divers (Figure 6 a,b).

This methodology of deploying sections of containers was ergldgr the lower layer of
containers, however due to the large number of longer (70 m)iergdn the main upper section,
single container deployment was undertaken to reduce kiskclement whether set in and containers
were left unfilled, there was a risk of containers ghgftirom their design location. Indeed, weather
was a factor during the first construction season anarjunction to a late start on the project, only
the first layer of the reef was able to be finishechc®winter set in, construction was suspended until
the following summer. During the second constructionaseasthe summer 2009, each container was
folded on to a floating raft, hitched into position and anathdeethe lower layer by divers before
filling. This method was effective and efficient ancaléd the reef to be completed before the end of
the construction window in September 2009 (Figure 7).
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Figure 6. (a) Hoisting a section of unfilled geotextile containers on to the barge for deployment (b) the sand
slurry pipeline (c) the completed lower layer with two of the top layer containers in place.

Figure 7. Aerial view of the Boscombe Reef September 2009.

POST CONSTRUCTION MONITORING

Since construction, the reef has been independently monitoresuffing performance, with a
preliminary monitoring report delivered in March, 2010. sTréport judged the reef on 5 performance
criteria including ride length, wave quality, wave heighiplification, wave intensity and consistency.
It should be noted that a baseline study of surfing condigridoscombe suggested that acceptable
surfing conditions (prompting at least 5 surfers to enter thervaatd attempt to surf) occurred at
Boscombe only 20% of the time (Davidson, 2009). It shoudd &k noted, that at the exact reef
location (200 m offshore) surfing conditions occurred 0% oftithe, thus, even 1 day of surfing is an
improvement over pre-reef conditions. The interim mairitpreport found that the reef had achieved
4 out of 5 of the performance criteria, with ride lengththe right hander being sometimes effected
during longer period and lower tide conditions, when waves caetydast and sometimes break with
a collapsing form after take-off (although it is noted thatlonger period wave conditions are outside
the design wave specifications). 3 small containers withdded to the lower part of the reef in the
location where the focus meets the wedge on the offshoee afidthe reef to influence the
shoaling/breaking of longer period waves and increase ride length.

Surfing

In terms of surfing, under design conditiofs(=1 m+ 0.5 mT =7 s+ 2 s, and wave direction
coming from191°N + 6°), the reef has produced high-quality breaking svauiéable for stand up
surfing, as per the design. When conditions are outsideeo$pecified design range, the reef still
produces rideable waves, however these are frequently soiteble to body-boarding due to the
intense plunging nature of the wave breaking induced by thie(see Figure 8 and supplemental
material for a range of surfing and body boarding photos frorBéiseombe Reef). Since the reef was
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completed in the late summer of 2009, it was able to hieadiin the Autumn and early Winter months
of September through December. Indeed, this season is kndwthe best time of year for surfing
along the South Coast of England and this was also reported baseline study of surfing conditions
(Davidson, 2009).

Based on an analysis of the wave climate at Boscorlveas determined that the appropriate
conditions for surfing existed on 20 different occasiortsvben September 2009 and March 2010 (the
period covering the preliminary assessment of surfgpiliThe breakdown of good surfing conditions,
marginal surfing conditions and poor surfing conditions are éetail supplemental material 2. It
should also be noted that the winter of 2009 — 2010 was othe abldest and snowiest on record for
England, and this undoubtedly had an effect on the number of spéitigipants willing to enter the
water at Boscombe. As this report goes to press, theoBie reef will enter its second year of
service.

Figure 8. A body boarder surfing on the completed Boscombe Reef. Additional photos are provided in the
suppemental material.

Shoreline Response

Since June 2008 (pre-construction) ASR has commissionedthynhetry surveys and 3 beach
profile surveys (the latter have coincided with the tiaé&# of a bathymetry survey). Seven of the
surveys are post-completion of the reef, and althoughsive calibrated numerical modelling of
morphological processes has been undertaken, here we are preseftiradyseries view of the beach
response with the combined bathymetry and beach profileysir

While net sediment transport is west to east due to #ajping SW wind conditions, the short
period of the waves means that initially cross-shore (ofé§heediment transport occurs. This cross-
shore transport renders the groynes along the length of Bagl¢some 60 groynes along 19 km of
beach) ineffective, especially when the compartments aréofldwing renourishment, which occurs
every 10-12 years or so. Internationally, detached or stdad breakwaters have been used typically
along coastlines with small tidal fluctuations to control thessighore sand transport processes (e.g.
Nielsen, 2001). Thus, as was demonstrated in the desigefimpalelling for the project, a significant
salient has developed in the lee of the reef, and extesydm@etrically to the west due to the west-east
transport of sediment. Figure 9 presents overlays obdltieymetry and beach surveys from October
2009, January 2010 and March 2010 that show the developntiet sdlient, and Figure 10 shows the
salient response to the presence of the Boscombe Reefhieaar t

This beach response to the Boscombe Reef provides suppatethehed and submerged reefs or
breakwaters would be a useful option for retention of reebmént material in Poole Bay in the future.
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Figure9. Time-seriesbathymetry and beach profile surveysindicating the development of the
salient in response to Boscombe Reef.
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Figure 10. Aerial view of the beach responsein the lee of Boscombe Reef (10 M ar ch 2010)

Geotextile Container Stability

The sand filled geotextile containers (SFC’s) used incthestruction of the reef are very large,
with lengths of 15 to 40 m and diameters of 1 to 4 m. Aessalt the individual construction units are
quite massive and sufficiently stable under the typical ertleme wave loads experienced at
Boscombe. No indication of container failures has beemadd¢hus far art Boscombe and we remain
confident that the reef structure is stable. In termsettlement and scour, the reef has settled
somewhat, reducing the overall crest height. However trgnitoae of the settlement, determined
from the post construction bathymetric surveys, is 0.5 hass, as specified in the design.

SUMMARY AND CONCLUSIONS

Boscombe Reef was designed for the local conditions alePBay to create a surfing break as a
focus for the Boscombe Spa development on England’s southash c®he reef is comprised of 2
main sections, a Focus to increase wave height and deéirtaké-off zone, and a Wedge to peel the
waves down as they break in a way and at a rate cordwitlv surfing. The reef provides primarily a
righthand break (~70 m long) due to the prevailing wind frbergouthwest, with a shorter lefthand
break (~30 m long) that also helps to reduce the surfaop tat is common of the local sea
conditions.

Construction of the reef was undertaken with 54 sand-fijleatextile containers varying in length
from 15 m to 70 m, and with diameters of up to 4 m. €bmtainers were filled with sand from a
beach-based slurry pump set-up, with divers placing the censain predetermined locations in a two-
layer configuration and monitoring the filling process. Tamé size of these sand-filled geotextile
containers results in a very stable structure, followinge#pected initial settlement of up to 0.5 m.

The reef has consistently produced surfing waves to éisgl specifications, especially under
design wave condition$fo =1 m+ 0.5 mI =7 s + 2 s, and wave direction coming fra@81°N * 6°),
and has worked well in the capacity of a focus to complintenBbscombe Spa development.

Monitoring of the beach response has recorded the developfmanarge salient in the lee of the
reef. This salient is asymmetrical, with the locati@iny more west of the reef position offshore,
which is a consequence of the predominant west to east sedirmesport direction. This beach
response to the Boscombe Reef provides support thathéetaand submerged reefs or breakwaters
would be a useful option for retention of renourishmenen@tin Poole Bay in the future.
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