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Introduction
The Bournemouth Borough Council (BBC) commissioned ASR Ltd to develop a multi-purpose reef for recreational, commercial and coastal protection benefit in Boscombe, England.  The aims of BBC were to apply multipurpose reef technology to enhance surfing at site which at present only provides mediocre surfing conditions, with the reef being the centerpiece of the Boscombe Spa Development which includes refurbishment of the nearby pier, restaurant and shop development, Hemmingway-designed ‘Surf Pods’ and apartment buildings.  While primarily for surfing, the coastal protection aspects of the structure in Poole Bay, which is currently dominated by hardwood groynes, was of interest.  ASR Ltd conducted extensive field studies which collected wave, tide, bathymetric and ecological data as part of the Boscombe Reef design project.  The challenges of working with a small and unpredictable wave climate were overcome by creating a design with a large footprint that could magnify and make the most of even the smallest and least favorable wave conditions.  The final design called for a reef volume of approximately 13,000 m3 to be built using approximately 50 large sand filled geotextile containers.  ASR Ltd commenced construction of the Bournemouth Reef in July 2008.  The first layer of the structure was built in the first construction season (summer 2008) with the remainder of the reef completed in second construction window during the summer of 2009.
Nearshore Environment and Design Criteria
Boscombe is located in the English Channel on the south coast of England, approximately 150 km, southwest of London, and is part of the area that boasts England’s third largest surfing population.  Due to its location, Boscombe is sheltered from the large swells of the north Atlantic Ocean.  Frequently however, local winds produce short choppy seas affecting the area.  At Boscombe, the key factors investigated as part of the iterative reef design process were the wave climate, wind climate, reef position and crest height.
For the design process, detailed bathymetry and wave date were collected from the site.  Wave transformation studies were conducted to establish an inshore wave climate for the design process.  The design wave conditions for the reef were for H10 = 1 m ± 0.5 m; T = 7 s ± 2 s , and wave direction  coming from 191ºN ± 6º.  Water level data from Bournemouth indicates a tidal range of 1.76 m between MHWS and MLWS.  The tidal signal at Boscombe is asymmetrical in nature with a prolonged double-peak high water period and a short sharp change in water levels at low tide.  This asymmetric tidal curve had a significant impact on the reef design.  To ensure that waves break on the reef for a reasonable proportion of the tidal cycle it was necessary to raise the crest to a level above mean low water springs.
Multipurpose Reef Design
The final reef design incorporated the following main features; a dual level reef with a focus section designed to draw maximum wave energy onto the reef and a ridge along the crest to break waves in a manner suitable for high-quality surfing.  The design has a crest height of 0.2-0.7 m above chart datum.  The reef produces a predominant right hand surfing ride approximately 75m long, with a shorter 20m long left hand break.  The white-water generated after breaking on the left-handed wave works to dampen short-period chop originating from the south west quadrant so that it does not propagate through to the main right-handed wave.  This design was set in water depths of 3-5 m (CD) (Figure 1 a).
The reef design was further optimised through physical laboratory scale modelling.  For theses studies a model of the reef at 1:30 scale was built using scaled construction elements representing the sand filled geotextile containers that would be used to construct the reef in reality.  With this method the reef shape could be fine-tuned and the container layout specified prior to construction.  Based on qualitative assessments of the wave breaking on the completed reef, the laboratory modelling was reasonably accurate.
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Figure 1.  (a) Computer generated, numerical model design shape of the Boscombe Multipurpose Reef and (b) a schematic of the geotextile container layout and section anchoring strategy for the full scale prototype.
Reef Construction

Reef construction began in the summer of 2008.  Construction was based on using large sand-filled geotextile containers arranged in sections.  The sections were compromised of up to 14 individual containers ranging in size from 15 to 40 m long with diameters on the order of 1 to 4 m.  The containers were filled in-situ by pumping a sand water slurry from the shore out to the reef (Figure 2).
This methodology was employed for the lower layer of containers, however, it was somewhat risky due to the large number of unwieldy containers in each section.  If inclement whether set in and containers were left unfilled, there was a risk of containers shifting from their design location.  Indeed, weather was a factor during the first construction season and only the first layer of the reef was able to be finished.  Once winter set in, construction was suspended until the following summer.  During the second construction season in the summer 2009, a single container deployment method was used.  Each container was folded on to a floating raft, hitched into position and anchored to the sea bed before filling.  This method was effective and efficient and allowed the reef to be completed before the end of the construction window.
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Figure 2.  (a) Hoisting a section 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.
Reef Monitoring

The Boscombe Reef is now complete and open for service.  An independent monitoring programme is in place to determine the reefs effectiveness as a recreational amenity and as a coastal protection structure.  Initial bathymetry data collected in January 2010 indicates a substantial salient has formed in the lee of the reef. The most recent data from the monitoring programs will be presented in the final paper. 
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