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Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Presentation Outline

• Brief Introduction to the history of assessment of 
breakwaters

• The relationship between assessment and design formula 
for breakwaters

• The continuing role of physical modelling, numerical 
modelling and assessment in breakwater repair strategies 

• Some successes and lessons learnt.

• The use of drones in the 20/21 and in the future

• Wrap up
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Breakwater Asset 
Appraisal   ̶ 1992 to 
date  ̶  35 locations

Asset Number
Length 

(m)
Value 
(1993)

Rubble 
mound 

structures
63 22,600

$550 
million 

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Wave Station Date Site 
Commissioned

Directional 
Buoy 

Deployed

Byron Bay 14-Oct-1976 26-Oct-1999

Coffs Harbour 26-May-1976 14-Feb-2012

Crowdy Head 10-Oct-1985 19-Aug-2011

Sydney 17-Jul-1987 03-Mar-1992

Port Kembla 07-Feb-1974 20-Jun-2012

Batemans Bay 27-May-1986 23-Feb-2001

Eden 08-Feb-1978 16-Dec-2011

• 7 Datawell Directional buoys

• Moored 6 - 12 km offshore

• 4 stations > 38 yrs data

• Sydney > 24 yrs Directional data

• 3 stations > 15 yrs Directional

• > 230 station yrs wave data

NSW Offshore Waverider Buoy Network
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NSW Breakwater 
Appraisals 92/93 

Stone Age!
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1993

1999

2012

2016

Swansea 
South
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2014 Kevin with Kevin 2016 June Kevin Unmoved

Assessment After Storm Events    ̶ Kevin’s Movement   ̶ North Head Port Macquarie 

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Cross Sections Utilising Theodolite-Forster South
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• Widening of the crest and placement of 
approximately 3,700 tonnes of armour rock 
by June 1998 at a cost of $163,500

• 800 tonnes of 7 to 8 tonne rock was placed on 
the head

• A temporary repair was carried out on the head 
in July 2001. 185 tonnes using 3 to 6 tonne rock 
at a cost of $30,000 was placed on the head

Brief History of Damage and Repair to Breakwater Due to 2001 Storm

Crowdy Head Waverider Buoy 
April 2001 Storm

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Forster Head Repair  ̶  8 tonne Hanbar Armour Placement and Damage

(a) Stage Two, Test 7  ̶  placement of 
8 tonne Hanbars prior to testing with 
elevated water level

(b) Stage Two, Test 7 - extensive damage 
to 8 tonne Hanbars after 500 waves
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Repairing Forster head with 12 tonne Hanbars
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Prototype - Storms After Construction

Date Hsig 
(m)

Tp 
(s)

20/07/2004 5.3 12.1

21/10/2004 5.2 9.6

30/10/2004 5.3 13.8

14/05/2005 6 10.2

29/05/2005 4.6 13.5

30/06/2005 4.6 11.1

11/07/2005 4.9 13.5
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Repair Timing   ̶ Performance of Forster Head  ̶  Aerial Photos

After May 2009 Storm

2006

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Repair Timing  ̶  Damage to Forster Head Drone Photos March and 
June 2016

Green area = 92m2 0 % 
existing coverage
Yellow area = 100m2 25 % 
existing coverage
Red area = 100m2 40 % 
existing coverage
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Coffs Harbour 
Underwater Survey - 
MHL 
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Hudson Equations for Stability (1957)

𝐻𝑠

∆𝐷௡ହ଴
=

(𝐾஽𝑐𝑜𝑡 ∝)
ଵ

ଷൗ

1.27

Using van der Meer’s damage criteria
𝐻𝑠

∆𝐷௡ହ଴
= 0.7(𝐾஽𝑐𝑜𝑡 ∝)

ଵ
ଷൗ  𝑆ௗ

଴.ଵହ
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Coffs Harbour Head Storm Damage May 1997 12 x 40 tonne blocks

May 10,1997-2 yr ARI storm-Coffs Breakwater 
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Design Success   ̶ May 2009   ̶ Before and After Crest Damage

Before storm After storm
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Verification -2009 May Storm

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

• SMEC remediation design for Crown 
Lands.  Design was model tested at WRL

• 3D physical model at MHL

• Scale 1:45.5

• Calibrated using May 2009 storm 

• Design incorporating two layer 28t, 22t and 
16t Hanbars with variable slope and cross-
sections along breakwater and head

2012-13 Physical Model
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Hansard Publication on $25 million Saving By MHL

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Predictive 
Numerical 
Modelling 1996  ̶  N. 
Clarence 2014 
Inspection

1996
Numerical
Model
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Sea Level Rise   ̶ Armour Size Requirements for .91m Rise

Theoretically stable level   ̶ 100%

Chainage
Crest Level

(m AHD)
Runup Level

(mAHD)

350 5.5 10.4

300 5.4 9.9

250 5.5 9.3

200 5.2 9.1

150 5.4 7.6

100 5.1 7.2

50 5.3 6.0

Runup Levels for Ballina South Breakwater

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

van der Meer Equations for Stability (1987)

P = notional permeability factor
S = damage level = Ae/Dn50

2

N = number of waves (storm duration)
xm = Hs / tan a / (Sm)0.5, Ae=damage area
Dn50 =diameter of 50% armour, a=slope angle
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Simulating Notional Permeability in a Physical Model 
(van der Meer 1987)

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Application to the Assessment of a Breakwater in the Field  ̶
Bellambi Breakwater constructed in 1978 – 400 x 12T Hanbars
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Maximum Momentum for Stability Flux Equation 
using Linear Theory (Hughes and Melby 2004)

Using Extended  Linear Wave Theory

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Results from Boussinesq Modelling to Assess Suitability 
of Armour Size
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Expression Tonnes

Hudson 10.4
van der Meer (shallow water) 7.3

Melby and Hughes (linear) 3.2

Melby and Hughes (extended
linear)

4.5

Melby and Hughes (non-
linear)

5.6

Table  – Armour sizing for 50-year ARI event using formulae 
– for an Ursell number of 23-30

Results from Spectral Wave Modelling to Assess Suitability 
of Armour Size
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Improved Survey Techniques-
Underwater Assessment

Marrying drone footage and 
dual scan sonar
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Before Storm

After Storm 400m of Damage

Severe Crest Damage at the North 
Clarence Breakwater  ̶  June 2016

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

Improvements to Crest   ̶ Cudgen South-2016, South Brunswick 2020

July 2016July 2011 Sept 2020

Overtopping Standards-2018 EUROTOP
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The Repair, Evaluation, Maintenance and Rehabilitation Research 
(REMR) Program (USACE 1998) 
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Overtopping at Port Kembla 
Breakwater

Thanks-Over to Eduardo
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Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

• 32 sites, 65 structures

• 14,000 pictures

• +20h flight time

• 160 GB data

PROJECT DETAILS
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Obliques Orthos DSM Orthomosaic

DRONE OUTPUTS
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WOLLONGONG Breakwater 
Inspection
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WOLLONGONG 
Breakwater 
Inspection
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WOLLONGONG
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HARRINGTON

DEMs from the drone outputs 
useful to detect missing armour 
units on the crest

Assessing 65 Breakwaters on the NSW Coastline Utilising Drones 

TWEED HEADS
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HARRINGTON
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HARRINGTON
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UNDERWATER DRON

Narooma, Harrington
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• Addition of other novel techniques are welcome (USV, bathy LiDAR, 
machine learning)

FUTURE DEVELOPMENTS
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Thanks!
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