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Multi-purpose Ocean Reefs

• Protect the coast
• Create wealth

• Enhance ecology
• Provide recreation
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Land or Beach Protection?Land or Beach Protection?

Often Fails the Coast and the Often Fails the Coast and the 
CommunityCommunity

Downcoast Erosion –
starved of sand

The groyne ‘blocks’ sediment 
transport alongshore causing 
accretion on the upcoast side

Seawall with no beach



Noosa, Australia, 1967



Noosa, 1978



OPTIONSOPTIONS
‘‘TraditionalTraditional’’

SeawallsSeawalls

GroynesGroynes

BulkheadsBulkheads

Detached BreakwatersDetached Breakwaters

Dune RestorationDune Restoration

Submerged Breakwaters/ReefsSubmerged Breakwaters/Reefs

RenourishmentRenourishment

Bypassing/CirculationBypassing/Circulation

‘‘ModernModern’’

Understand Understand –– Innovate Innovate –– SustainSustain

Hybrid SolutionsHybrid Solutions

““WhatWhat’’s driving the s driving the 
changes in preference changes in preference 
to coastal protection to coastal protection 

options?options?

ValuesValues
••AmenityAmenity

••AestheticsAesthetics

••UnderstandingUnderstanding

••EconomicsEconomics



Annual Tourist Visits
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(Millions)

California  Beaches

National Park Service *

Bureau of Land Management **

Includes national seashores and monuments
Properties are  one-eighth of land in U.S.

*
**

King, 1999
National Park Service, 2001

Bureau of Land Management, 2001



California State beaches make up just 
2.7% of State parks but have 72% of 
visits.                              

King, 1999



Beach tourists contribute $260 billion 
to the U.S. economy and $60 billion in 
Federal taxes.

King, 1999
Clean Beaches Council, 2001

World Travel and Tourism Council, 2001



Beach erosion is the number one concern 
that beach tourists have about beaches.

Hall and Staimer, 1995



∗ to enhance coastal constructions by 
incorporation of the multiple use options of 
surfing, diving, recreational and commercial 
fishing, navigation and swimming safety

THE ARTIFICIAL REEFS PROGRAM (ARP) THE ARTIFICIAL REEFS PROGRAM (ARP) -- 19951995

Program Aim
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Centre of Excellence in Coastal Oceanography and Marine Geology



• Scientific research
• Practical examples (case studies)

• Monitoring
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Automated HydroCamel
water samplers

Sea sled

Scientific 
measurements



Science

High-resolution sediment concentrations 
recorded within millimetres of the sea bed

Sand is suspended by waves

Wave orbital currents



Numerical Models

3DD 
Computational 
Marine and 
Freshwater 
Laboratory



Numerical models

Micro-scale suspension over ripples is 
modelled in leading research



Numerical models

World’s first accurate predictions of micro 
sediment suspension during the wave cycle
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Numerical modelling

Measured beach evolution is predicted

LINK



Model output blended with GIS for public 
understanding



Range of Integrated Studies Undertaken for Range of Integrated Studies Undertaken for 
the ARPthe ARP

Shoreline response to offshore obstaclesShoreline response to offshore obstacles

Relationship between wave breaking and reef slopeRelationship between wave breaking and reef slope

Collection of a Database of WorldCollection of a Database of World--Class Surfing Breaks (44)Class Surfing Breaks (44)

Wave Peel Angle AssessmentWave Peel Angle Assessment

Surfing Reef BathymetriesSurfing Reef Bathymetries

Wave Breaking Intensity AnalysisWave Breaking Intensity Analysis

Numerical Modeling of Surfing breaks and Salient FormationNumerical Modeling of Surfing breaks and Salient Formation

Computer Aided Reef DesignComputer Aided Reef Design

Ongoing Research

Length of a ‘Surfable Sections

Relating Section Speed (Peel Angle) to Surfing Maneuvers

The Downcoast Impacts of Offshore Submerged Reefs

Offshore Wave Focusing

Amalgamating Construction Engineering with Design

ARP StudiesARP Studies‘Combining years of experience in coastal research 
and numerical modeling with focused studies.’
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Figure 1 Wave peel angle
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Figure 2.  Contour map of Bells Beach and Winkipop, Victoria, Australia.
               Surveyed 21 November, 1997.
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Multi-Purpose Reefs For 
Coastal Protection



Natural Examples of Submerged Reefs

Durras



Natural Examples of Submerged Reefs

Hills Beach



Natural Examples of Submerged Reefs

Maine, USA



Natural Examples of Submerged Reefs

Forresters
Beach

Woolgoolga Beach



Natural Examples of Submerged Reefs

Budgewoi, Australia



MultiMulti--Purpose ReefsPurpose Reefs

Coastal ProtectionCoastal Protection

SurfingSurfing

DivingDiving

SwimmingSwimming

WindsurfingWindsurfing

FishingFishing

Multi-use aspects

A technology 
inspired by Nature

Man’s way.  Fails 
in many ways

Nature’s way.  Offshore reefs 
naturally protect the coast 



Shoreline ResponseShoreline Response

Black & Andrews (2001a,b)



Kuta Beach, Bali





 



Comparison of predictions

Reef Amplitude Length

Lyall Bay, 
Wellington

Model     100
Emp 90

Model     530
Emp 520

63rd St, Miami Model     100
Emp 120

Model     750
Emp 720

Oil Piers, Calif. Model     110
Emp 90

Model     400
Emp 560



Offshore Submerged Reefs – Function

Dissipaters

Rotators

•Acts to reduce wave energy at the 
shoreline by breaking waves offshore

•Re-aligns wave crests and/or 
spreads wave energy to reduce wave 
driven-currents



Protected 
Zone

Waves
Dissipater

100 m

600 m

Tombolo

One reef of 100 m protects 400-600 m of coast



Wave rotated to stop 
longshore drift

Waves Rotator

600 m

Tombolo

One reef of 100 m protects 400-600 m of coast



Acts to reduce wave energy at the shoreline by breaking waves offshore

Re-aligns wave crests and/or spreads wave energy to reduce wave 
driven-currents

Understand Understand –– Innovate Innovate –– SustainSustain

Submerged Breakwaters/MultiSubmerged Breakwaters/Multi--
Purpose Reefs Purpose Reefs -- FunctionFunction



• Solutions
• Practice

• Innovative construction

Understand Understand –– Innovate Innovate –– SustainSustain



Understand Understand –– Innovate Innovate –– SustainSustain

World View…
England

Surfing, Bournemouth*

Shore Protection and Surfing, Southbourne

Surfing Reef, Newquay*

Shore Protection and Surfing, Borth

Shore Protection, Poole Bay

Indonesia

Shore Protection and Surfing, Bali

Malaysia

Hotel Beach Development (Surfing and Beach), 
Sarawak*

Canada

Surfing Reef, Ucluelet Peninsula*

Bahrain

Ecological Enhancement (Tourism and Fisheries), 
Bahrain*

New Zealand

Surfing Reef and Shore Protection, Mt Maunganui*

Surfing Reef, Opunake*

Port Walls and Surfing Reef, Gisborne Port

Coastal Amenity (Surfing and Beach), New Plymouth*

Surfing Reef  and Shore Protection, Wellington*

Surfing and Shore Protection, Orewa*

Shore Protection and Surfing, St Clair

Shore Protection and Surfing, Napier

Shore Protection, Wairoa

Shore Protection, Makara

Shore Protection, Bay View

Australia

Shore Protection and Surfing, Sunshine Coast

Shore Protection and Surfing, Gold Coast

Surfing Reef, Geraldton*

Shore Protection and Surfing, New Castle

Shore Protection, Palm Beach

India

Shore Protection and Public Use, Kerala*

Costa Rica

Coastal Amenity (Surfing and Beach), Rio Oro*

USA

Shore Protection and Surfing, Miami Beach*

Shore Protection and Surfing, Ventura*

Shore protection and surfing, New Jersey
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Costs/BenefitsCosts/Benefits

Miami

Gold Coast

Site Cost:Benefit
Ratio

Annual 
Spend/Value

Surfing 
Competitions

Reference

*Gold Coast, 
Australia

1:70 - AU$2.2M Raybould and Mules, 
1998; McGrath, 2002

†Mount Maunganui, 
New Zealand

- NZ$0.5M - Gough, 1998

‡Cornwall, England - £21M - Ove Arup & Partners 
International, 2001

†Noosa Beach, 
Australia

- - AU$1M Jackson et al, 1999

‡Florida, USA - US$84.63M Johns et al., 2001
†Lyall Bay, New 
Zealand

1:24 - - Baily and Lyons, 2003

†Bournemouth, UK 1:20 - - Black et al., 2000

**Miami Beach, 
USA

1:500 - - Houston, 2002

§Californian’s 
Beaches

- US$5.5B - King et al., 2001

‡Geraldton, West 
Australia

- AU$1.5M - Rafanelli, 2004

*Based on the ‘beach’ amenity and associated businesses
†Based on additional income from attracting surfers
‡Based on revenue from all sources associated with surfing (e.g. hospitality, boat sales, equipment rental, etc.)
**This figure relates to the economic benefits of beach nourishment in Miami (i.e. is not associated with artificial reefs, although 
they can be used to greatly increase the success of nourishment projects).
§This is not an economic impact estimate of artificial reefs, but rather an estimate of the loss of GNP if beaches are not maintained 
in California, i.e. the present economic value of beaches in California.



Multi-purpose reef designs vary widely 
from case-to-case in response to the 

local environment (coastal processes) 
and local needs (e.g. surfing wave 
type, enhancement for particular 

species, etc)

Gold Coast Artificial Reef

Noosa Artificial Reef

Surfing

Lyall Bay Artificial Reef

New Brighton Artificial Reef



Objectives

to widen the beach and dunes 
along Surfers Paradise Esplanade.

to improve the surfing climate at 
Narrowneck.

Cost:Benefit 1:60-1:80 for a 
submerged reef (Raybould and 
Mules, 1998)

“Proving ASR’s Multi-Purpose Reef 
Concepts and Numerical Modelling

Capabilities”

A Series of In Depth Studies on the Gold Coast
• Hutt, J. A, K. P. Black, A. Jackson and J. MaGrath. 

Narrowneck Reef, Report 1: Field Studies.  Report to the 
Gold Coast City Council, January, 1998.

• Black K. P., J. A. Hutt and S. T. Mead, 1998.  Narrowneck
Reef, Report 2: Surfing Aspects.  Report to the Gold 
Coast City Council, March, 1998.

• Black, K. P., 1998. Narrowneck Reef, Report 3: Sediment 
Transport Modelling.  Report to the Gold Coast City 
Council, March, 1998.

NIWA
Taihoro Nukurangi

Centre of Excellence in Coastal Oceanography and Marine Geology

Fieldwork

Peeling Right Wedges

Waves

Peeling Left
Salient

Design and Functional Assessment

Sediment Transport Modeling

Narrowneck Reef – Gold Coast

June 2003



Mt Maunganui Reef



Mt Maunganui



Mt Maunganui Reef



Mt Maunganui Reef



Mt Maunganui Reef



CASE STUDY:

Mount Maunganui Reef
DESIGNED AND BUILT BY ASR – January 2006

Bay of Plenty, New Zealand

Biology is growing at a great rate.
Proof that the marine ecology works.

Salient is growing at a great rate. 
Proof that the coast protection works.

REEF

Inshore Response

Incident Waves

1
Surfing growing at a great rate.
Proof that the surfing works

3

Seaweed

Crabs

Marine life after 
just 1 month.

2

Engineering has gone really well.
Proof that our construction methods work

5

Outcomes are very similar to predictions.
Proof that our modeling works.

4REAL TEST

MODEL TEST



Mt Maunganui
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