ACTIVITY
REPORT

WAVE ENERGY RESEARCH CENTRE
Established in 2018 as a knowledge hub for academic research, industry
and the community to drive development of the ocean energy sector.
Based in the Great Southern region of Western Australia.

Wave Energy Research Centre
Vision

Overview

The Wave Energy Research Centre (WERC) was
established as a new knowledge hub for the
Australian and international ocean renewable
energy community. With world-renowned
research expertise in ocean engineering through
an holistic ‘Surface to Seabed’ approach that
includes Oceanography, Wave Energy Converter
Hydrodynamics and Geotechnical Engineering,
the WERC is positioned to support technology
developers towards deployment of devices that are
cost-competitive with traditional sources of energy.
The WERC will:

On 6 October 2017, the Western Australian
Government announced $3.75 million in funding
to The University of Western Australia (UWA) to
establish a research centre in Albany and to develop
and implement three core research programs
that provide support to wave energy technology
demonstrators. The Government grant is backed by
$0.94 million cash and over $6 million in-kind by the
university.

(i) become an integral part of the global transition
to renewable energy, through innovative ocean
engineering solutions to advance the industry
sector; and
(ii) deliver economic benefit to the Great Southern
region of Western Australia through research and
outreach activities and through promoting the
quality of this ocean energy site to partners in
industry, academia and government.

The UWA Wave Energy Research Centre
commenced fieldwork in December, with the
deployment of a wave buoy in the designated wave
energy development site at Sandpatch, Torbay near
Albany. Headquarters in Albany were established
with the appointment and relocation of the Centre
Manager in April 2018, initially co-located with
the main UWA Albany campus on Stirling Terrace.
The iconic railway station was leased from the
City of Albany from February 2019, and extensive
refurbishments to convert the heritage-listed
building into a modern and versatile marine research
facility were completed in mid-2019.
Since then, the building which now operates as
the UWA Great Southern Marine Research Facility
(GSMRF) hosts the WERC management, research
staff and students in the Oceanography and
Hydrodynamics programs, and also UWA Albany
PhD students with marine science projects, technical
and administrative/outreach support staff.

The Financial Assistance Agreement with the WA
Government details a schedule of disbursement as
the WERC progresses through milestones towards
target metrics in four categories with specific
deliverables:
k Scientific Research Activities – journal
publications, conference presentations, keynote
lectures, team retreats, academic enhancement,
new collaborations, supercomputer use;
k Community Outreach – GSMRF visitation, social
media, content reach, public outreach, school
engagement;
k Industry Engagement – industry meetings,
stakeholder activities, common user resources,
advisory board membership, regional marine
projects; and
k Regional Impact – funding applications, Albany
staff, student supervision, training, economic
benefit.
The Hon. Alannah MacTiernan, Minister for Regional
Development; Agriculture and Food; Ports; Minister
Assisting the Minister for State Development,
Jobs and Trade, and UWA Deputy Vice-Chancellor
(Research) Prof. Robyn Owens officially opened the
GSMRF on 1 November 2019, as part of a public
Open Day.

Capability Statement
The University of Western Australia ranks 5th in the
world and 1st in Australia for ocean engineering, and
the WERC is the university’s conduit to transition
decades’ of research experience in the offshore oil
and gas sector towards ocean renewable energy.

Capabilities within the team include, but are not
limited to:
k unique expertise in marine fieldwork techniques
and field-based physical oceanography. Examples
include wave buoy technologies, real-time
monitoring, field data processing and analysis,
deployment, rigging and mooring techniques;
k licensed divers, skippers and aerial drone pilots for
research, site assessment and surveying activities
including consulting projects for regional industry
and government;
k unparalleled experimental opportunities through
the multi-purpose hydraulics Coastal and Offshore
Engineering Laboratory (hosting the refurbished
50-metre wave flume) and the world-leading
National Geotechnical Centrifuge Facility, for
academic and industry-partnered research
projects; and
k numerical modelling of wave energy converter
behaviour and performance, wave prediction and
anchor loading regimes.
The WERC is supported by and has access to
academic, professional and technical staff at the UWA
Indian Ocean Marine Research Centre in Perth and is
part of the Oceans Institute that is the UWA crossfaculty umbrella for all researchers working in the
ocean space. The Oceans Institute works with local,
state and federal governments, industry and research
institutions on sustainable use of ocean resources.
With headquarters in the GSMRF in Albany,
Western Australia, the WERC has established strong
community networks and a significant outreach
reputation. The WERC is represented on the Great
Southern Science Council, the City of Albany
Renewable Energy Working Group and on the Board
of Directors of the Southern Ports Authority.

Cultural Acknowledgment
We acknowledge that the two nodes of our Centre are situated on Noongar land, and that
the Menang (Albany) and Whadjuk (Perth) people of the Noongar nation remain the spiritual
and cultural custodians of their land, and continue to practise their values, languages, beliefs
and knowledge. We pay our respect to their elders past, present and emerging. Education and
sustainability are at the heart of the Noongar culture. Sourcing power from the ocean pays
respect to their continued management of the region’s natural environment.
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Foreword
It gives me great satisfaction to welcome the reader
to this Wave Energy Research Centre (WERC)
Activity Report.
There are many reasons why this is the case. The
overriding one, however, is that the establishment
of the WERC is tangible progress towards taking
advantage of what has long been self-evident to the
Great Southern community who work and recreate
along its Southern Ocean coastline: The unrealised
potential of the marine energy resource on our
doorstep. The WERC is a significant milestone in the
realisation of this potential and, as you will see from
the contents of this report, much has already been
achieved by the Centre.
With funding assistance from the State Government,
the establishment by The University of Western
Australia of the Great Southern Marine Research
Facility (GSMRF) at 55 Proudlove Parade in Albany,
has provided both headquarters and research base.
It is important to note that the name chosen for the
facility reflects both the region in which it is placed
and the area in which much of WERC’s research
effort will be focused – the Great Southern Reef.
As marine scientists know well, but few others yet
appreciate, this is the name given to the reef which
rings the southern Australian coastline, beginning
where the Great Barrier Reef ends in northern
New South Wales and extending around Australia’s
southern coastline to Kalbarri in WA.
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The research facility is ideally situated between the
UWA Albany campus and the Albany foreshore, a
precinct that has been the focal point of commercial
growth on the south coast of WA in recent times, thus
ensuring the research staff and their families attracted
to live and work in the region are genuinely networked
into the community in pursuit of their diverse projects
and interests. These highly qualified staff combine a
very rare suite of skills in a regional WA context.
The current agreement between the WA Government
and UWA commits the WERC to meeting performance
indicators in four key areas of activity: scientific
research, community outreach, industry engagement
and regional impact. As this report details, but I am
pleased to highlight here, the WERC is well engaged
across these four areas and, in terms of regional
impact, has been providing expertise and/or advice to
a range of organisations, including the City of Albany
(for example, on the proposed artificial surf reef at
Middleton Beach), the Department of Water (for
example, wave and circulation boundary conditions
for Wilson Inlet at Denmark) and to the emerging, but
already significant, aquaculture industry in and around
Albany. The value of outreach cannot be overstated,
and there has been a high level of community
engagement by WERC staff, from running Open Days
at the GSMRF to work on the Great Southern Science
Council. Feedback from these various activities
indicates that marine energy developments genuinely
have a social licence in the Great Southern.

All the above is in addition to work on the WERC’s
three main research programs in Oceanography,
Hydrodynamics and Geotechnics, which, apart from
the research effort itself, has included representation
and presentation (whether in person or more recently,
virtually) at national and international science and
ocean energy industry fora such as conferences
and seminars – vital in terms of putting the Great
Southern and Albany on the marine research and
energy map.
The range of the above activity speaks to the
potential of the WERC and the GSMRF. It is
considered that that over time, the Great Southern
could, with the regard to ocean energy research
and development, play a similar role in the southern
hemisphere to that played by the Orkney Islands
in the northern hemisphere. Although the Orkneys
are on the very edge of the UK and far from the
major cities normally thought of as the focus of
future technologies and innovation, the Islanders are
the northern hemisphere leaders in a low-carbon
renewable future, with ocean energy at the centre of
this effort. Along with other ocean energy focused
organisations, the Orkneys are the home of the
European Marine Energy Centre (EMEC). In total,
some 200+ people are employed in the Orkneys
as consultants and contractors in the ocean energy
research and development field.

The vision of becoming a southern hemisphere focus
for ocean energy provides more scope for critically
needed education and local upskilling. Moreover, as
the proposed massive 2,000 MW offshore wind farm
near Port Albert in Victoria illustrates, wind and wave
expertise will increasingly be paired going forward,
with the WERC and GSMRF geographically perfectly
positioned to accommodate this union.
In concluding, it is important tribute is payed to the
WERC’s Manager, Dr Wiebke Ebeling, and Director,
Prof. Christophe Gaudin, for their great work in the
establishment of a highly talented research team and
facility with a much broader than typical mandate,
in a complex environment. It has been a privilege
to be associated with the WERC initiative and to
work with and support such talented and committed
leaders in their field.
Bruce Manning
Chair, WERC Advisory Board
Chief Executive Officer, Great Southern
Development Commission
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Director’s Welcome
This is the first Activity Report issued by the WERC.
The Centre started operating in early 2018 across
the Albany and Perth campus locations of UWA.
Australia is an island nation, blessed with wonderful
coastlines, world-class ocean resources and a world
leading offshore industry and expertise. Ocean
energy represents a significant potential to assist
in the country’s decarbonisation plan, while driving
the development of new industries with domestic
and international outreach. The WERC has been
established as a multidisciplinary knowledge and
innovation hub for the ocean renewable energy
community. Its research and service activities span
across physical oceanography, hydrodynamics,
environmental and geotechnical engineering,
leveraging expertise built over the past three
decades in ocean engineering at UWA and through
collaboration with a wide range of stakeholders
domestically and internationally.
Since its inception, the centre has rapidly grown
into a major player in the ocean renewable energy
space. The WERC sits in the Australian Ocean Energy
Group, is a participant within the Blue Economy
Cooperative Research Centre, and is collaborating
with multiple stakeholders across the world,
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including wave energy developers Carnegie Clean
Energy, CorPower Ocean and Bombora Wave Power.
It works closely with offshore contractors with
specific interest in ocean renewable energy such as
Fugro, and universities with ocean renewable energy
activities across the globe.
With its seven staff and PhD students based in
Albany and the additional support of about 20
staff and students on the Perth campus, the centre
has engaged in multiple research, engagement
and service initiatives as presented in this Activity
Report. Some of the highlights include the
organisation of the 2nd Australian Ocean Renewable
Energy Symposium in 2018 that attracted over 80
delegates from around the world. Another was the
deployment of our measurement buoys offshore
Albany, with live data feed on our website and which
through associated modelling provides an accurate
description of the wave and current regimes in the
region. Alongside this, the WERC is also building
regional capacity by providing expertise to local and
state government projects, and we have established
a new collaboration with the Integrated Marine
Observing System (IMOS) to investigate a range of
low-cost wave buoy technologies.

The centre has also celebrated some individual
successes. Dr Adi Kurniawan co-authored the second
edition of the iconic textbook ’Ocean waves and
oscillating systems: linear interactions including
wave-energy extraction‘, which will position him
as a world-leading expert in the field. Dr Paul
Branson has been awarded a Fulbright Scholarship
to work at the Pacific Marine Energy Center for six
months. Associate Professor Britta Bienen has been
awarded the John Booker Medal for her work on
monopile foundations for offshore wind turbines. Dr
Wiebke Ebeling, WERC Centre Manager, has been
appointed to the Board of Directors of the Southern
Ports Authority. These awards and appointments
demonstrate the international standing of the WERC
staff expertise and its importance in regional and
domestic engagement.

The Wave Energy Research Centre is a vibrant
community that engages readily with the broad
regional community through retreat workshops and
school and public lectures, while undertaking stateof-the art research to assist in changing the future
of energy in Australia and worldwide. You can meet
its personnel and follow its activities in this report,
on our website, and within our public space in the
GSMRF in Albany where we would be delighted to
welcome you.
Prof. Christophe Gaudin
WERC Director; Program Lead – Geotechnics
Head, UWA Oceans Graduate School

Over the next few months, the WERC will increase
its footprint in the ocean renewable energy space,
pursuing its current research activities while engaging
in new initiatives. One of these initiatives is the
WERC Summer School, which will run in early 2022
in Perth and Albany over two weeks, aimed at training
postgraduate students in physical oceanography and
ocean energy while taking advantage of the great
potential offered by the Great Southern coastline.
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Facilities
The research within the WERC draws on worldclass facilities to investigate the ocean resource and
to explore new, innovative energy concepts in the
laboratory. This is complemented by access to the
Pawsey Supercomputing Centre, where research
staff run complex numerical models.
The centre itself is located within Albany’s
transformed railway station – now a modern
office and fieldwork-related space dedicated to
collaborative marine research. The main entrance
to the Great Southern Marine Research Facility
opens to the public to provide a community
engagement point and to communicate the latest
research findings. The facility also houses a secure
and sheltered outdoor yard and a store of field
equipment to maintain ongoing marine monitoring
and instrumentation. This field equipment is
growing a rich dataset of ocean observations in the
Great Southern, which is being used to fuel nextgeneration coastal engineering models.
Location of currently deployed WERC instruments,
together with real-time ocean data and archived
datasets, are shared publicly via the new web domain
https://marineresearch-gs.com. Launched on the
official Open Day of the GSMRF on 1 November
2019, this new interface is also the main point of
contact to request Common User Resources that
the WERC is custodian of, including environmental
and geophysical surveys of the Albany-Torbay wave
energy development site.
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The laboratory research work in the centre is
undertaken within the world-leading National
Geotechnical Centrifuge Facility (NGCF) and the
Coastal and Offshore Engineering Laboratory (COEL)
at UWA in Perth.
The NGCF hosts three geotechnical centrifuges,
including a new 10-metre diameter beam centrifuge.
These centrifuges increase the local gravitational
acceleration (i.e. g-force) in an experiment to ensure
the correct stress level in the soil. The centrifuges
are supported by a team of 8 mechanical, electronic
and software engineers and operate 24/7, 275 days
a year. Within WERC, the NGCF is enabling research
into novel and more affordable foundation solutions
for wind and wave energy devices and providing
results to underpin new offshore design guidelines
for renewable energy foundation design.
COEL is a 1900 m² newly established multi-purpose
hydraulics laboratory that is ideally suited for
research and industry-led projects from the seabed
to the surface. The facilities include an advanced,
large-scale 50-metre long wave flume with dual
wave-makers (piston and hinge) to generate waves
typical of both deep and shallow water wave
applications. WERC research has utilised this flume
to investigate new wave energy generation concepts
and provide baseline data for wave prediction
models. It also serves as an ideal facility for local
and international device developers to trial new,
innovative concepts quickly and accurately.
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GSMRF Opening
On 1 November 2019, we had the pleasure of
welcoming our key stakeholders and supporters
to celebrate our official Open Day at the Great
Southern Marine Research Facility. To many local
attendees, this building was still the historic railway
station – and everyone praised the fresh look for
this Albany landmark. We were also blessed with
a number of interstate and international visitors,
from academia and industry, some of whom enjoyed
Albany for the first time.
Jointly opened by the Western Australian
Government representative, The Hon. Alannah
MacTiernan, and the UWA representative, Deputy
Vice Chancellor (Research) Professor Robyn Owens,
the facility will become the regional hub for marine
fieldwork and ocean engineering research, with an
additional mandate for public and school outreach,
community education and industry engagement.
The event was held in the foyer area that we have
named ‘Wooyan Gaba Room‘, meaning ‘Blue Ocean‘
in the Noongar language, in close collaboration with
local Menang Elder Lester Coyne who also delivered
the Welcome to Country on the day. The Open Day
embraced the holistic ‘Surface to Seabed’ approach
of our research centre, in that three stations were
prepared with hands-on displays and information

material. Researchers from the Oceanography,
Hydrodynamics and Geotechnics research programs
staffed the stations to answer questions from the
attendees. Providing an excellent showcase of the
outreach offerings in this space, the 3-metre wave
flume was generating wave patterns that simulated
the Albany-Torbay wave energy development site
or extreme wave scenarios. The 3D printer created
intricate models of wave energy converters and
tropical coral. A smaller tank demonstrated the
potential of the suction bucket foundation design
to anchor wave energy converter arrays or offshore
wind turbines in sandy seabeds.
The Open Day has officially given a home, and
marker on a map, to Albany’s rightful place in
international ocean energy developments. The
Great Southern Marine Research Facility confirms
the commitment of the State Government and the
university to drive innovation in a decarbonised
future. The growing team of experts, professionals
and students is proof that cutting-edge science is
not limited to metropolitan campus locations but can
equally thrive in a regional context.

“The team in the Wave Energy Research Centre has brought
a diverse range of new skills to the region and to our Albany
campus. Their research focus and engineering programs
have expanded our academic environment and boosted the
local cohort of doctoral and postdoctoral expertise. For our
small and tight-knit university community, this brings new
opportunities and a breath of fresh air. It had been a longstanding vision for the campus to expand, and the Great
Southern Marine Research Facility has proven an excellent new
hotspot for academic and outreach activities.”
Jennifer O’Neil, UWA Albany
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Key
Academic
Industry
Government

Stakeholders
WERC has strong relationships with research,
industry and government agencies nationally and
internationally, and these continue to grow and
develop with ongoing and new collaborations.
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Academic
 Blue Economy CRC
 Curtin University
 Dalian Maritime
University
 Delft University
 Integrated Marine
Observing System
(IMOS)

 Oregon State
University
 Technical University
of Denmark
 University of Adelaide
 University of
Manchester
 University of Oxford

Industry

Government

z Australian Ocean Energy
Group
z Bombora Wave Power
z Carnegie Clean Energy
z CorPower Ocean
z Eco Wave Power
z Fugro USA Land, Inc
z Wedge Global










Australian Renewable Energy Agency (ARENA)
Australian Research Council
City of Albany
Dept. Jobs, Tourism, Science and Innovation, W.A.
Dept. Primary Industries & Regional Development, W.A.
Dept. Water & Environmental Regulation, W.A.
Great Southern Development Commission (GSDC)
National Energy Resources Australia (NERA)
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“Carnegie Clean Energy and The University of Western Australia
have a long-standing history of collaboration, mainly in the
field of foundation optimisation and hydrodynamic studies for
wave energy converters. The creation of the Wave Energy
Research Centre has reinforced this link, creating a unique
bridge between Research and Industry. Recently Carnegie and
WERC collaboration has focussed on the predictions controls
for Wave Energy Converters.”
Alex Pichard, Carnegie Clean Energy

Research
The WERC was established to develop and
implement three core research programs that had
been identified as critical to support the ocean
energy industry on its path to commercial viability.
The objective of the three interlinked programs
is to provide support in areas of specific scientific
expertise and specialist knowledge in areas
such as wave energy modelling, met-ocean data
interpretation and laboratory testing facilities.

Program 2: Hydrodynamics

Program 1: Oceanography
(Coastal Processes)

Program 3: Geotechnics

– Investigating and characterising the wave and
current conditions for successful deployment of
wave energy converters (WEC) in coastal regions.
Knowledge and forecast of wave and current
conditions to quantify the interaction and impact
of the WECs with the sediment dynamics, and
downstream/far-field effects of WECs on the wave
field and coastal processes.
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– Develop models to predict wave-WEC interactions
and inform optimal WEC design for power
generation and survivability.
Activities to directly support WEC design and
performance, including wave prediction, analysis of
the hydrodynamic motions of a WEC design (and an
array) and design for extreme response.

– Developing foundation engineering solutions
to meet the specific requirements of the marine
renewable energy industry.
Improvements to standard design methods in the
offshore oil and gas industry to adapt to loading
regimes in marine renewable energy devices and to
reduce the cost of foundation engineering.
Research activities are further underpinned by a
strong commitment to the prosperity of the Great
Southern, to contribute to marine related projects
in the region and to promote the wave energy
development site and the research centre for the
benefit of Albany’s renewable energy future.
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Oceanography
Researchers

The application

Prof. Ryan Lowe, Dr Jeff Hansen, Dr Mark Buckley,
Dr Michael Cuttler, Dr Rebecca Green, Renan
Fonseca da Silva, Daniel Raj David, Carly Portch,
Dr Dirk Rijnsdorp, Dr Paul Branson

Hindcast simulations were used to understand
regional and local circulation patterns, including large
sub-tidal water level variations and the intrusion of
warm currents into Torbay. The coupled model will
be used to understand the regional oceanography of
Albany and inform the design and placement of wave
energy converters, which will be deployed in Torbay.

Observations and modelling of
waves and currents in Albany,
WA
The problem
The southern coastline of Western Australia
holds one of the world’s most abundant wave
energy resources, yet the oceanography of the
region remains largely unstudied. There is limited
knowledge on the regional wave climate and largescale circulation patterns. Understanding how
these offshore physical processes vary and interact
is critical for understanding nearshore coastal
processes, where most wave energy devices would
be deployed.

Model results of total water level (tidal and sub-tidal),
waves, currents and temperature are compared
with observations from temperature and pressure
sensors, wave buoys, and Acoustic Doppler Current
Profilers (ADCPs). Observation points include long
term monitoring sites at Torbay and Hartman’s Beach
established by UWA, as well as sites maintained by
external collaborators in Ocean Beach (Department
of Water and Environmental Regulation), Port
of Albany tide gauge and Albany wave buoy
(Department of Transport), and Middleton Beach
(City of Albany).

18
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The problem

The application
This data will provide critical information for
understanding the impact of spatially and temporally
varying parameters on wave runup, such as local
foreshore slopes and bottom roughness. Over time,
commercial-scale wave farms may alter the foreshore
topography, thus this investigation gives insight as to
its potential impact on coastal flood risk.

Understanding the coastal impacts of a commercialscale wave energy farm is a major consideration
when assessing the feasibility of development.
Renewable energy devices, such as wave energy
converters (WECs) have been suggested to mitigate
coastal hazards, such as flooding and erosion.
However, prior to understanding how WECs may
impact coastal processes (and potentially mitigate
coastal hazards), coastal processes at a given predeveloped site must first be quantified. Coastal
flooding risk can be quantified through wave runup
(the maximum vertical extent of water level) analysis,
which is generally poorly understood in complex
coastal settings (e.g rocky coastlines). This study
uses natural erosion/accretion cycles along a mixed
sandy and rocky high energy coastline to understand
the relationship between foreshore topography and
wave runup.

The approach

The approach
The Coupled-Ocean-Atmosphere-Wave-Sediment
Transport (COAWST) modelling system was used
to develop a coupled wave-circulation model, using
‘Simulating WAves Nearshore’ (SWAN) and the
Regional Ocean Modelling System (ROMS), for the
Albany region where a wave energy development
site has been established in Torbay (Figure 1). The
model includes an outer 140 km x 80 km domain
with 500 metre horizontal resolution and a nested
80 km x 30 km grid with 150 metre horizontal
resolution. Both grids use 20 vertical sigma layers.
The refined grid is necessary to resolve the complex
bathymetry and unique coastal processes present in
the region.

Coastal flood risk under
extreme erosion/accretion
cycles at a proposed
commercial wave energy site

Figure 1: Site map showing nested model domain
and observation points. Model results of significant
wave height (top panel), tidal water level (middle
panel), and sub-tidal water level (bottom panel) are
compared to observations at the Torbay site in 30
metre water depth for a two-month period.

Two semi-autonomous, fixed cameras overlook the
site and collect daily 3 Hz imagery during daylight
hours (Figures 2a and 2b). The images are georectified to provide measurable (horizontal) wave
runup data along individual cross-shore transects,
which is quantified using a semi-automated
waterline detection method. Monthly drone surveys
are conducted to produce digital elevation models
(DEMs) of the local topography using the structurefrom-motion technique. The DEMs allow us to both
convert our horizontal runup measurements into
runup elevations, and quantify the varying bottom
roughness along the foreshore. Two pressure sensors
are deployed in ~1 m water depth ~100 m apart to
measure the alongshore hydrodynamic variability
within the study area. Offshore waves, water levels
and atmospheric pressure are measured using a
directional wave rider buoy in 30 m depth, a pressure
sensor in a nearby sheltered bay, and an on-site
weather station, respectively. Data collection spans
over a one-year period and covers seasonal erosion/
accretion cycles, which includes the transition from
a sandy beach with small karst limestone outcrops to
almost entirely rocky karst limestone. To capture the
impact of this morphodynamic variability on runup
and nearshore processes, daily wave runup statistics
are being analysed at seven transects across the
fixed camera’s ~230 m alongshore field of view.

Figure 2a and 2b: Images of the Torbay field site
from the two fixed cameras, cross-shore transects
identified in yellow/red.
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Impact of submerged
structures on nearshore
circulation
The problem
Submerged structures are common in nearshore
waters globally and can be natural (e.g. reefs) or
artificial (e.g. submerged breakwaters). By being
in shallow coastal waters these structures interact
with and modify the incident wave field, and for
most artificial structures this is their purpose – but
the interaction is complex and their impact on the
waves, currents, and coastal processes hard to
predict. Designs have been proposed for a bottom
mounted WEC that behaves similarly to a submerged
breakwater or reef and harvests energy as waves
pass over the top. A detailed understanding of the
interactions is critical to predict if a submerged
WEC is likely to cause beach erosion which would
undermine the environmental benefit of wave
generated electricity.

The approach
The project aims to understand how nearshore
submerged structures (NSS), including bottom-

Figure 3. Wave parameters and flow pattern of barred
beach with a rip channel: a) normalised wave height
H/H0 (colours), with coloured dots representing the
measurements and mass-flux velocity Ui streamlines
represented by the arrows. b) Normalised mean
water level (colours), with coloured scatters giving the
measurements and mass-flux velocity Ui (arrows). c)
Eulerian velocities Ue. d) Wave height H prediction
versus observation. e) Mean water level prediction
versus observation. Solid grey lines represent the depth
contours; solid black lines denote position of bars.
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mounted WECs, influence waves, currents,
and coastal processes using a state-of-the-art
numerical wave-flow model (SWASH). The first
step was to develop a new method to calculate
the fundamental forces of the wave-driven flow
in the non-hydrostatic model SWASH. The new
method achieves the utmost precision in calculating
the mean momentum balance, and advances our
understanding of nearshore processes at more
complex sites. The next step of the research is to
develop the knowledge of how waves interact with
fixed NSS (Figure 3), exploring the analogy between
NSS and previously studied natural and modified
coastal environments.

The application
This project will develop and validate new modelling
tools to represent the motions of NSS, including
bottom-mounted WECs. The knowledge gained
will have wide-reaching implications for modelling
coastal impacts of these structures (e.g. predicting
coastal erosion and/or accretion). For the case
of bottom-mounted WECs, these results will
inform how to design a WEC farm that optimises
the balance between the production of wave
energy power and the maximisation of positive
environmental impact.

Predicting coastal impacts by
wave farms using different
classes of numerical models
The problem
Similar to wind and solar farms, WECs will have to
be arranged into arrays of many devices, known as
‘wave farms’, to extract commercially viable amounts
of energy. However, there is limited knowledge on
how the range of WEC designs currently proposed
and/or already deployed will modify the wave and
circulation field (e.g. through wave energy extraction
and radiation) and potentially lead to coastal erosion
and/or accretion. To understand potential coastal
impacts of WEC arrays most existing research has
relied on phase-averaged wave models given their
computational efficiency. However, it is unknown
how accurate phase-averaged model predictions
are, given a lack of validation data and their inherent
simplifications of various hydrodynamic processes
(e.g. diffraction). Accurate prediction of near-field
changes introduced by WECs in arrays is crucial in
determining the potential coastal impacts.

The approach
This project aims to understand and improve the
predictions of coastal impacts of wave farms using
numerical models. To understand the potential
impacts of wave farms, we are using two different
types of numerical models: (1) a coupled, phase-

averaged wave flow model (Delft3D-SNL-SWAN)
that parameterizes various processes, including
the influence of WECs on the wave field; and
(2) a phase-resolving wave model (SWASH) that
intrinsically accounts for the relevant physics. To
quantify the coastal impacts, a series of simulations
were carried out in the absence and presence of
wave farms (with varying farm layout, inter-device
spacing, the offshore distance of the farm and
number of devices) and different wave conditions
(representing short and long-crested sea-states). We
are exploring both idealized cases including a generic
domain (flat and constant slope bottom profile) and
real test cases using a wave energy development site
at Torbay, Western Australia.

The application
This project evaluates the two classes of numerical
models in predicting coastal impacts. The outcome
will provide insights on the likely transferability
of results to various point absorber type of WECs
due to their similar operating principle; all point
absorbers (and WECs in general) will likely alter the
surrounding hydrodynamics and cause downstream
wave attenuation and thereby induce currents due to
alongshore gradients in wave forcing. Furthermore,
this work also has the broader implications to the
coastal community in the use of two classes of
models to situations where large sources of localized
wave dissipation occur e.g., waves in the lee of
islands, coastal structures etc.

Figure 4. Comparison of coastal
impacts prediction by two models
for a representative wave farm
of 10 WECs arranged in three
rows located 1 km offshore. The
wave height changes (colourbar)
and flow field changes (arrows)
are shown from the two models
(panel a, e). Black dashed line in
panel a), e) indicates the bottom
slope region from 20 m to 0 m
water depth and solid black line
indicate the 10 m still water depth.
Panel b), c), d) and f), g), h) shows
the breaking wave height (Hbr),
mean water level (η) at 1 m water
depth and cross-shore averaged
alongshore velocity (Vm) in the surf
zone from both models.
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Hydrodynamics
Researchers

The approach

A/Prof. Scott Draper, Dr Hugh Wolgamot, Dr Adi
Kurniawan, Thobani Hlophe, Dr Jana Orszaghova,
Aidan Archer, Prof. Paul Taylor

Wave-Structure Interactions
of Flexible Bags with Elastic
Tendons

This study concerns the interactions of water waves
with a new type of wave energy device in the form
of a floating flexible bag filled with air (Figure 5). A
numerical modelling technique extends a previous
one by taking into account the elasticity of the
tendons encasing the bag. The behaviour of the
bag is analysed in detail, both in the static case and
also in the dynamic case, when it is used as a wave
energy converter.

The problem

The application

Many wave energy device concepts have and are
currently being developed. Floating wave energy
devices operate most efficiently when they are close
to resonance with the ocean waves, which normally
means the devices must be large (>20 m in diameter),
which adds cost. A flexible device deforms as it
oscillates in water, giving rise to a lower hydrostatic
stiffness and thus a longer natural period than those
of a rigid body of the same size. This allows the
size of the flexible device to be reduced in order to
achieve a particular resonance period and, hence,
leads to potential savings in material costs. Flexibility
also allows such a device to be tuned to different
environmental conditions through a change in its
mean shape, making it much more adaptable than
a rigid device. Transportation of the device is also
potentially simpler and cheaper, since the device
can assume its mean shape on-site. Furthermore, a
flexible device is expected to be more resilient to
wave impact, enhancing its survivability in extreme
conditions.

A

An important finding from this research is that an
elastic bag can be made even smaller in size than
an inelastic one in order to match the same target
resonance period, offering an even greater potential
for cost saving. Calculations of the expected
absorbed power in an actual wave climate have
been performed, confirming the benefit, in terms of
power production, of having elastic tendons over
inextensible tendons. A more detailed comparison
with a classical self-reacting point absorber, including
calculations of the expected power production in an
actual wave climate, is planned as a future study.

fabric
tendon

Efficient real-time deterministic
wave prediction for wave
energy generation
The problem
Despite its abundance, commercial exploitation of
wave energy has remained a challenging task. It
has been shown, however, that active control of a
wave energy converter (WEC) – in which mechanical
properties are deliberately changed on a waveby-wave basis - can increase the power output
of the WEC substantially without any structural
modification. To make use of active control it is
however necessary to know the height and period of
the next wave before it occurs. Accurate prediction
of waves 10-20 seconds into the future may
therefore be crucial for improving the economic
viability of WECs.

The approach
The main focus of this project is to devise a robust
deterministic sea wave prediction (DSWP) model
that runs in real time on a standard computer
without resorting to expensive computations. The

DSWP model will be based on data from a single or
multiple point measurements located offshore of
the wave energy device. Waves at the measurement
point will then be propagated numerically forwards
in space and time, using a Fast Fourier Transform
(FFT) algorithm, such that the near shore waves are
predicted before they arrive. A key aspect of the
model will be careful pre-processing of the measured
data, which accounts for the finite length of the
record and evolution of non-linear waves, to improve
prediction performance (see Figure 6).
The model will be validated using both synthetic data
and physical measurements, where the measured
data will be both from a wave basin/flume as well as
from field measurements at a potential wave energy
development site in Albany, WA.

The application
Ultimately, the study will use the validated DSWP
model to quantify the effects of deterministic
wave prediction on the power capture of wave
energy converters in Albany. The model will be
published and made available to wave energy device
developers to help optimise their designs.

bag

turbine
V
Vs

substructure
ballast
A

Section A-A

Figure 5: Sketch of the floating bag device, showing the main components and the two air volumes, V and Vs.
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Figure 6: Actual and predicted time traces at a point 1180 m down-wave of the measurement site.
Sea conditions: water depth = 30 m, significant wave height = 3 m and peak period = 14 s. The red,
vertical, dashed lines mark the boundaries of the predictable zone while the grey, vertical, dashdotted line marks the end of the record used in the prediction.
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Dynamic Instabilities of Wave
Energy Converters

Hydrodynamics of Offshore
Floating Wind Turbines

The application
This research has led to improved understanding
of when and why dynamic instabilities occur and
provided a comprehensive framework for studying
different systems, thus enabling generalisations
useful to the whole wave energy sector.

The problem
A key issue affecting many WEC designs is the
phenomenon of dynamic instability (also known as
parametric excitation). This is a process whereby
energy from the useful power-producing motions is
diverted into so-called parasitic motions, which can
become very large but couple weakly with the fluid
(Figure 7). An example is a buoy designed to move
up-and-down, in which left-to-right (or back-andforth) translational and/or rotational motions can be
unintentionally excited. Ideally, dynamic instabilities
would be considered early in the design process,
so that their effects can be part of the WEC design
optimisation process.

The problem

The acquired knowledge of the instability
mechanisms allows for designs which are less
susceptible to this phenomenon. Additionally, we aim
to devise strategies and tools to mitigate unstable
parasitic motions, should they arise during WEC
operation. We have worked closely with Carnegie
Clean Energy and CorPower Ocean on aspects of
this work.

Our research aims to advance the technological
readiness of floating wind by developing new design
and operational behaviour tools, and reducing risks
associated with installation and extreme wave
conditions. This work is being undertaken within
FloatStep, a large research consortium headed by the
Technical University of Denmark.
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Figure 7: Instability diagram, showing nondimensional frequency on the horizontal axis against
a non-dimensional harmonic parametric forcing
amplitude. Green regions are stable and red regions
unstable.

The research focuses on analysis of laboratory data
recording the wave-driven motions of a typical
10 MW three-bladed horizontal axis wind turbine
(rotor diameter >100m), supported by a tower
(~100m high). In a floating concept, the tower
sits on a floater, which is either fully or partially
submerged and is moored to the sea-bed (Figure 8).

The application
Soft-moored systems, such as that in Figure 8,
typically have very long natural periods (O(10-100) s)
in horizontal-plane rigid body motion due to low (or
zero) hydrostatic stiffness and low restoring forces
provided by the mooring. Even though the natural
frequencies lie well below the linear incident wave
frequency range, the floater responses at these
low natural frequencies can dominate the overall
floater dynamic behaviour (Figure 9). It is well known
that such low-frequency resonant motions can be
excited by second-order difference hydrodynamic
loads. In addition, our research shows that, for the
floater considered, third-order frequency difference
interactions can also give rise to considerable
resonant pitch motions. Identification of the thirdorder difference-frequency response has been
possible due to harmonic separation using phasemanipulated tests and conditioned signal analysis.
This discovery suggests that third-order processes
should be accounted for in detailed design, due to
the significant motion in severe sea states.

1

(deg 2 /Hz)

4

pitch PSD

In this work, weakly non-linear models which include
simplified representations of the relevant nonlinear coupling have been developed and used to
explain parametric excitation in laboratory testing.
The models remain simple enough to run rapidly on
standard computers.

6

0

Dynamic instabilities arise due to non-linear
couplings in the WEC system. Linear models used
during early-stage design process typically do not
contain enough of the relevant physics to capture
the instability.

unstable
(3/2 !)

unstable
(1 !)

The approach

The expansion of offshore wind farms into deeper
water requires floating concepts, as turbines on
bottom-fixed monopiles become prohibitively
expensive. Such deep water floating installations
benefit from a more consistent and abundant wind
resource as well as greater availability of potential
deployment sites. The enormous potential of deep
water wind harnessing is presently hampered by
technical and economic challenges.

The complete system is exposed to wave, current
and wind loads, as well as restoring loads from the
mooring system. From a design perspective, how
the body responds to the applied forcing is of key
interest.
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Figure 8 Left: Laboratory-scale floating wind turbine with TetraSpar floater (yellow structure).
Figure 9 Right: Measured pitch motion spectra in 3 sea states.
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Wave loading on fixed offshore
wind turbine columns
The problem
Commercial developments of arrays of fixed
offshore wind turbines are proceeding rapidly at
many locations around the world. Given that there
have been few if any failures of the columns or
caissons supporting such turbines due to wave
impact in severe storms, it is clear that these
support structures and foundations are generally
conservatively if not over designed. This research
aims to provide more accurate predictions of wave
loads.

The approach
For waves hitting the vertical columns of fixed
offshore wind turbines (Figure 10), the loading
can be broken into two parts – the main loading
distributed up the height of the immersed structure
and, for very steep and breaking waves, an additional
‘slam’ loading at the surface. The main loading can be
modelled with an innovative Stokes-type expansion
in terms of ‘powers’ of the linear load component;

this is simple to calculate. First presented in 2018,
this approach has been extended to waves with
an inline current (2019), and also the moment
about the seabed (2020) needed for the design of
the foundations. The moment model provides the
necessary information on the effective point of
application of each harmonic component of the load
as well as the time history. We are also developing
a simple ‘slam’ model to account for the additional
violent but rather localised impulsive loading by the
crests of steep near-breaking and breaking waves
with a cylinder. This impulse is associated with a
water sheet thrown up around the front half of the
cylinder. The water sheet is clearly visible in the
laboratory test shown in Figure 10.

The application
Although simulations using modern computational
fluid dynamics programs can accurately predict
column loads, such large-scale and expensive
computing is far too slow and expensive for routine
design. In contrast, this work promises an accurate
but simple ‘design recipe’; this work is jointly with
groups at the Universities of Bath, Glasgow and
Oxford in the UK.

Assessment of the M4
wave energy converter for
installation offshore Albany,
WA
The problem
The M4 concept from Manchester University is
a promising wave energy converter which has
been trialled successfully at laboratory scale and is
undergoing field trials. The M4 has three floats, each
of which is a vertical circular cylinder with a lower
curved end (Figure 11). The two smaller floats are
rigidly connected by a beam above the water, and
the largest float is connected to the mid float by a
second beam; this is rigidly connected at the third
and largest float but hinged at the middle float. The
machine’s power converter generates power through
the relative angular motion of the hinge above the
middle float. Thus, the complicated mechanical and
power generating components are in the air, only the
‘dumb’ floats run below the water surface.
This work explores the power that can be generated
by the M4 in the wave environment at Albany,
WA. The site is exposed to Southern Ocean swell
and the average wave energy density is high. One
drawback of this location is the long mean wave
period, implying that an optimised machine would
be rather large. A comparative analysis is also made
for a location off the Orkney Islands to the north of
Scotland, so fully exposed to the North Atlantic.

The approach
To maximise the angular motions and hence the
power generation, the spacing between each float is
chosen to be about half a wavelength at the optimal
operating condition, so the machine is approximately
one wavelength long. Numerical models are
combined with wave measurements offshore
Albany and Orkney to enable an investigation of an
M4 device sized in this way to better understand
operability, survivability and feasibility in terms of
cost/power for each location.

The application
Our work has shown that a small array of ~6
machines would be equivalent in terms of electrical
generating capacity to the entire Albany wind farm
located on the clifftop above.
Comparisons with the site in Scotland reveal that
whilst the mean wave period at Orkney is shorter,
so a machine there would be smaller, the extreme
storms are more severe than at Albany and there is
more variation year-to-year on the available wave
power.
Analysis of seasonal variation is still underway, but
we expect this variation to be smaller at Albany than
in the Atlantic, so good for the continuous availability
of power.

Figure 11: A stick model of the M4 wave energy converter

Figure 10: Wave slamming on a vertical monopile in the laboratory.
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Experimental investigation of
rainbow trapping in arrays
The problem
Wave energy converters must be installed in arrays
to generate useful amounts of power. Typically,
the interactions among WECs are investigated for
regular arrays. However, in other physical contexts
(optics, acoustics) it is known that ‘chirped’ arrays
offer the opportunity for wave control, including
effects like ‘rainbow trapping’, where different
frequencies are trapped in different parts of the
array. For WECs, which tend to have a relatively
narrow bandwidth, this raises the prospect of having
an array in which devices oscillate at their own
unique frequency but the array as a whole absorbs
from a wide bandwidth. Rainbow trapping had never
been tested in water waves before this study.

The approach
In collaboration with Luke Bennetts (University of
Adelaide), Malte Peter (University of Augsburg)
and Richard Craster (Imperial College, London) we
designed experiments to test the theory of rainbow
trapping using passive structures (cylinders) in the
UWA wave flume. The cylinders were placed on
the centreline of the flume at gradually increasing
spacings (i.e. with the smallest gap closest to the
wavemaker). Incident waves of various forms and
frequencies were then used to probe the array
response.

The application
This problem is in the early stages of being
investigated in the water wave context. It may be
very applicable to arrays of devices which have
an inherent fluid resonance, like oscillating water
columns. The next step is to test an array of such
devices to investigate whether the effect is useful in
enhancing power absorption.

Geotechnics
Researchers

The application

Prof. Christophe Gaudin, Dr Henning Mohr, Lama
Thebian, Pierre-Yves Duverneuil, Prof. Fraser
Bransby, A/Prof. Conleth O’Loughlin, A/Prof. Britta
Bienen

This project aims at developing a thorough
understanding of the behaviour and performance of
anchor piles under multidirectional loading, in order
to validate their use as shared anchors for arrays of
multiple floating renewable energy devices.

Anchoring arrays of floating
renewable energy devices

Normal stress,
(MPa)
N
90

The problem
To become economically viable, floating renewable
energy devices, powered either by waves or wind,
will need to be assembled in arrays of dozens
of devices. This array arrangement offers the
opportunity to significantly reduce the cost of
foundation engineering (that may reach 30% of
capital expenditure) by sharing anchors between
multiple devices and so reducing their number.
However, this generates a multidirectional loading
regime, with loads applied alternately from 2 or
3 mooring lines orientated in different directions.
This is fundamentally different to the unidirectional
loading regime usually generated by offshore
structures, and hence design guidelines do not yet
exist.

The approach
The project is using a blend of physical and numerical
modelling to understand and develop design
approaches to encompass anchor performance
under multidirectional loading. The geotechnical
centrifuge at UWA is being used to subject a
model pile to monotonic and cyclic loading from
different horizontal directions. Measurements
of axial and bending strains along the pile, load,
displacement and rotation, provide an insightful and
comprehensive understanding of the pile response.
In parallel, numerical (3D finite element) modelling
is being undertaken, with the aim of first validating
the method against the centrifuge modelling data,
and then extending the analyses to conditions (e.g.
loading cases, pile geometries etc.) not covered
experimentally. Preliminary experimental and
numerical results have demonstrated the importance
of ‘locked in’ stresses generated during loading in
one direction which control the trajectory, stiffness
and capacity of the pile when loaded in a second
direction.
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Figure 13: Numerical modelling results showing the
normal stresses on the pile perimeter at a depth of X
m after Loading (1) and unloading (2) in one direction
and then loading in a second direction orientated at
90 degrees (in the horizontal plane) (3)

Figure 12: A picture showing the first four cylinders in the flume,
with wave gauges and structural bracing visible.
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Surviving extreme
environmental loadings

The response of helical anchors
for offshore renewables under
environmental loading

The application
By quantifying precisely the inertia, drainage and
strain effect in the foundation response under
snatch load, a design framework has been developed
whereas the foundation is designed against
operational load and extreme loads are resisted
by inertia effects. This results in significant cost
reduction in foundation engineering.

The problem
Floating renewable energy devices, notably wave
energy converters, are deployed in high energy areas
and subjected to extreme environmental events
generating loads on anchoring systems that can
be significantly larger than operation loads. The
survivability of devices under these extreme events
is one of the main challenges faced by Industry.
Designing anchoring systems against these extreme
events is economically
unviable
and solutions
toat
System at
rest at
Falling mass
t₁ (vmass extreme
= 0 m/s) eventst₂are
(vmassrequired.
= vmax)
avoid or survive these

Loading
of pile
System
atatrest at
t₃ (vpilet₁=(vvmax) = 0 m/s)
mass

SystemFalling
at rest atmass at
t₄ (vpile =t₂0(vm/s) = v )
mass

max

The problem

Loading of pile at
t₃ (vpile = vmax)

The approach
The project has investigated the response of anchor
piles and deeply embedded plate anchors under high
magnitude, short duration, dynamic events, defined
as snatch loads. Centrifuge experiments were
used to quantify the capacity of piles and anchors
under snatch load of increasing accelerations. Tests
performed in both dry and saturated sands enabled
separation of the various components contributing
to the foundation capacity. Results highlighted
the importance of the inertia component, which
is significantly larger for the anchor, and when
accounted for, can generate significant cost savings
in design.
System
at rest

The project will combine experimental and numerical
modelling in order to fill some of the knowledge gaps
with respect to the behaviour of helical anchors in
sand under specific loading conditions. A centrifuge
experiment campaign will develop a comprehensive
experimental database, with a strong focus on the
vertical cyclic and snatch responses of the anchor.
Additional Particle Image Velocimetry (PIV) analysis,
pioneering X-ray experiments (University of Sydney)
and numerical analysis will observe the particular
mechanisms contributing to the anchor cyclic
ratcheting (i.e. gradual upward movement), which is
believed to be the main contributor affecting anchor
performance.

The application
The project aims to provide Industry with
recommendations for the use of helical anchors as
a cost-effective and long-term sustainable solution
to anchor or found floating bodies and bottom-fixed
ocean renewable energy devices.
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Large helical anchors are being considered for
ocean renewable energy structures. However,
understanding of the soil response through
installation and loading under environmental
loading is still embryonic, hampering their practical
deployment. Cyclic environmental loading is
predominant offshore, with the anchor subjected
System
rest at of load cycles of various amplitudes and
toatmillions
t₄ (vpile = 0 m/s)
frequencies. Additionally, high magnitude dynamic
loads generated by extreme events, defined as
snatch load, may occur several times over the
anchor lifetime and are likely to affect the anchor
serviceability and survivability.

The approach
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Figure 14. Example snatch load centrifuge experiments. The pile is loaded
in
t₁ dynamically by a mass
t2 free falling
t3
the enhanced gravity field (top). Pile acceleration, velocity, displacement and force are measured throughout
Time
the whole process (bottom).
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Figure
15: Helical anchor design example for the offshore renewable industry
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Developing design guidelines for suction
bucket foundations

D

:LQFK

The problem

3UHVVXUH

$FWXDWRU

Penetration to target skirt embedment is critical to the in-service
performance of suction bucket foundations supporting offshore
wind turbines. The ability to predict the suction bucket installation
is therefore central to the selection of the required pump and the
safety and reliability of suction bucket jacket supported offshore wind
turbines.
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The approach
Innovative centrifuge experiments (Fig. 16) allowing a view inside
a suction bucket foundation, provide direct insights of the physical
mechanisms governing foundation response and have recently
confirmed the mechanism that enables suction bucket penetration even
in layered soils. These experiments are part of an extensive program
focusing largely on centrifuge modelling with the aim to accurately
predict suction bucket installation, provide strategies for installation
into difficult seabeds, and enable prediction of the in-service response
over the design lifetime.
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Effect of the
installation
)OXLG
process on monopile in-service
6RLO
performance
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F

Offshore wind turbines are complex systems
&RQQHFWLRQWR
operating in harsh
environments. The rotor
V\ULQJHSXPS
assembly is sensitive to out-of-verticality of the
turbine, requiring the system performance under
wind and wave loading to be accurately predicted.
The foundation response significantly influences
the system response and therefore needs to be
predicted with confidence. Predicting the foundation
performance requires the behaviour of the soil to
&OD\
be understood. Installing a large object, such as a
monopile, into the seabed changes the soil from its in
situ state, and 6LOLFDVDQG
this can significantly affect foundation
response.

The approach
Figure 17 shows example results from centrifuge
experiments and numerical modelling where piles
have been installed using jacking or impact-driving.
Drawing on the complementary strengths of both
research approaches advances our understanding
of the changes in the soil due to the installation
process, and its effects on the stiffness and capacity
of monopile foundations.

The application
The insights provided through the experimental and
numerical research enables understanding of the
fundamental geotechnical processes and their effect
on the overall monopile response. The research
findings provide an indication of the extent and
quantitative change within the soil and inform the
development of recommendations to industry.

&RDUVHVDQG

The application
The ultimate goal of this research is to develop an industry guideline for
suction bucket foundations for the renewable energy industry.
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Figure 16: “Seeing inside” a suction bucket using innovative experimental techniques to
understand foundation response.
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Figure 17: Centrifuge experimental and numerical modelling of monopiles.
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Industry Engagement

Pile capacity under inclined,
tensile cyclic loading –
applications for floating
renewable energy devices

The WERC is a founding partner and Steering
Committee member of the Australian Ocean Energy
Group (AOEG) – an industry-led cluster of members
from academia, industry and government. This group
provides an opportunity for WERC to engage with
industry partners and to provide input to industrywide interaction with government, international
standards organisations and funding bodies.

The problem
The response of rigid piles in sand to an inclined,
tensile load is poorly documented and understood,
particularly where the load is cyclic. This is becoming
relevant for floating marine renewable energy
devices such as wave energy converters and floating
wind turbines.

The WERC was represented at the inaugural AOEG
Market Development Summit in Sydney in December
2019 by Prof. Christophe Gaudin and Dr Wiebke
Ebeling. The WERC sees this group as a key driver
of advance in the ocean renewables industry, and
a supportive partner in promotion of the attributes
of sites like Albany for wave energy projects in the
longer term.

The approach
This project utilised centrifuge modelling of rigid
piles installed in dense sand to understand and
quantify the response to a tensile, inclined cyclic
load. The modelling considered load inclinations
ranging from pure horizontal to pure vertical and
both monotonic (i.e. quasi-static) and cyclic (e.g. from
storms) loading. This work has been published, but is
being extended through the use of further centrifuge
experiments using novel fibre optic technology in
an attempt to deduce the interaction between the
lateral and vertical components of pile resistance.

The largest Cooperative Research Centre ever
awarded is the Blue Economy CRC, announced by
the Commonwealth Government in 2019. The Blue
Economy CRC, led by the University of Tasmania,
includes UWA-WERC as a minor partner and
responds to industry needs for offshore solutions
in sustainable primary industries. The WERC took a
team of 5 to the Inaugural Participants’ Workshop in
Hobart in January 2020, to provide input as the CRC
begins to take shape. Scoping projects taking place
in 2020 will further define the research directions.
These projects complement the research activities

The application
The work conducted to date strongly advocates (in
dense sand) for avoiding load inclinations higher
than about 60° (to the horizontal) as cyclic loading
significantly deteriorates pile capacity, whereas at
lower (flatter) load inclinations there are potential
benefits from cyclic densification that improve pile
capacity. This has the potential to guide mooring and
foundation design, leading to higher system reliability
and cost savings.

of the WERC, facilitate the dissemination of our
research outcomes and provide additional resources
to broaden the field of research activities.
Several discussions between WERC members and
ocean renewable energy companies or engineering
consultants have taken place over the last twelve
months. These include Bombora Wave Power,
CorPower Ocean and Eco Wave Power for the
wave energy sector; Sabella for the tidal energy
sector; Star of the South, Orsted and SAITEC for
the offshore wind energy sector; and offshore
consultants Fugro and the Norwegian Geotechnical
Institute. These are all potential partners to
collaborate with and benefit from our research
activities, and represent opportunities to promote
the wave energy resource in Albany.
Discussions are most advanced with CorPower
Ocean and Eco Wave Power, and these are ongoing
to further define research collaborations. The
WERC Program 3 Geotechnics team is working
with Orsted via a co-funded PhD student and joint
research project on monopile buckling extrusion.
Collaboration with Carnegie Clean Energy has
continued through an ongoing project funded by
the Australian Renewable Energy Agency on optimal
placement of nearshore devices. In addition, WERC
and Carnegie were successful in a collaborative
proposal for wave basin testing time at the large
wave basin at IH Cantabria, through the EU’s
MARINET2 program. The testing campaign took
place in mid-2020.

“The Wave Energy Research Centre is going to grow in
importance as a critical source of applied research to support
development of ocean energy systems that contribute to
the regional and national energy supply as a pioneer within
Australia and following the example of other parts of the
world where government and support programs exist to
nurture the Ocean Energy industry.”
Stephanie Thornton, Australian Ocean Energy Group
Figure 18. Centrifuge modelling to inform pile
capacity under a tensile, inclined cyclic load

34

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

35

Collaborations
In November 2019, WERC Program 1
Oceanography/Coastal Processes researchers were
awarded funding from the national Integrated
Marine Observing System (IMOS) to establish a
project to trial new low-cost wave buoy technologies
to enhance Australia’s national wave observation
network. The project is based at UWA and operated
from the GSMRF as partners with leading waves
researchers from the University of Melbourne,
Deakin University, CSIRO, the Australian Institute
of Marine Science (AIMS), and Sofar Ocean
Technologies.
The facility is supported by Matt Hatcher, who
relocated from Canada to Albany as the technical
lead for the project. As part of the IMOS project,
three sites have been chosen to test new low-cost
wave buoys against conventional wave buoys;
the first site is in Albany in Western Australia, the
second in Victorian coastal waters, and the third will
be based off northern Australia. A major focus of
research is trialling and assessing the performance
of new wave buoy mooring designs using the diverse
range of wave, tide and coastal current conditions
across the three test sites. Overall, the project aims
to develop confidence in lower cost wave buoy
technology, to provide an opportunity for Australia
to dramatically expand the number of sites where
waves can be measured through significant cost
reduction.

The WERC has also developed a collaboration with
the Pacific Marine Energy Center (PMEC) which is
a research centre operated between Oregon State
University, the University of Washington, and the
University of Alaska Fairbanks. PMEC conducts
overlapping and complementary research to WERC
and PMEC’s director, Bryson Robertson was a
keynote speaker at the Australian Ocean Renewable
Energy Symposium hosted by the WERC at the
Indian Ocean Marine Research Centre at UWA in
Perth in November 2018.
To strengthen the collaboration, WERC researcher
Paul Branson applied for and was successful in
receiving a Fulbright Postdoctoral Scholarship to
travel to and work with PMEC researchers for six
months. This was planned for the second half of
2020 but has been delayed due to COVID-19.
His Fulbright research will focus on developing
novel methods that incorporate physics and
machine learning techniques to analyse and
reconstruct historical wave records to determine
a potential wave energy site’s wave resource and
potential extremes. This knowledge is critical in
the design of wave energy converters, cabling, and
foundation systems, and improved methodologies
to characterise a site’s wave climate will benefit the
wave energy industry globally. Further collaboration
between WERC and PMEC including visits is planned
once COVID-19 travel restrictions are lifted.

"The Wave Energy Research Centre has been an extremely valuable
resource in the development of recent important coastal projects.
Their knowledge has been critical in assessing project outcomes
in both a support and peer review capacity, strengthening
confidence in design, fostering relationships with the
community and ensuring outcomes are reinforced by research
expertise in coastal processes. With a considerable overlap
in coastal related projects, the availability of this knowledge
hub locally provides significant benefit for synergies in coastal
management, planning, research and monitoring.”
Anthony McEwan, City of Albany
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Cyclic Loading of Suction
Bucket Foundations in Sand

foundation designers to use the model test results
to develop site-specific design methods for future
offshore developments.

UWA in collaboration with Fugro Marine Australia
(Fugro) recently completed a challenging physical
modelling study exploring the behaviour of suction
bucket foundations in sand. The project was funded
by the Bureau of Ocean Energy Management
(BOEM) and administered by the U.S. Department
of the Interior (DOI) Bureau of Safety and
Environmental Enforcement (BSEE), forming part
of its Proposed Safety and Technology Verification
Research Projects: Wind Power Structure Research.

Model testing utilised the unique experimental
facilities and technical support of the National
Geotechnical Centrifuge Facility (NGCF), and builds
on decades-long research into caisson foundation
performance at the Centre for Offshore Foundation
Systems (COFS) – initially for oil and gas projects
(such as mooring foundations for floating facilities)
and more recently for renewable energy projects.
The program investigated both monotonic pull-out
capacity and cyclic loading response for two different
bucket foundation configurations – namely multibuckets as envisaged to support a tripod jacket
structure, and mono-buckets that provide sole
foundation support to an offshore wind turbine tower.

The primary aim of the research was to generate
high quality test data for soil conditions relevant to
those found in coastal U.S. waters, in areas where
structures founded on suction buckets may be used
to support offshore windfarms. The testing program
is supported by advanced soil element testing
carried out by Fugro laboratory, which can then be
compared to conditions in the field, thereby allowing
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The diameter and skirt length for the mono-bucket
foundation was selected to give approximately
identical total prototype foundation plan area to that
of a tripod jacket foundation with three (prototype
scale) 8 metre diameter / 4 metre skirt length suction
buckets – allowing researchers to assess the relative

efficiency of a mono-bucket and multi-bucket
configurations. In defining the tests, particular
emphasis was placed on tests to measure foundation
response to localised sustained static and cyclic
tensile loads at the bucket tip, with loading regimes
selected based on a collective understanding of
offshore wind turbine foundations obtained from
design work.
The experiment design and testing campaign was
carried out by Dr Henning Mohr, who works as part
of the WERC. Phase 1 focused on the performance
of multi-buckets and was successfully completed in
2019, yielding high quality data from more than 20
individual tests. Phase 2 comprised a total of 8 model
tests using a mono-bucket – and was successfully
carried out during the UWA COVID-19 shutdown,
which added layers of complexity to an already
challenging program – as all NGCF team needed to
strictly adhere to UWA safety requirements during
these unprecedented times.

Vertical
load cell
LDT
Fluid

Vertical actuator

Case Study
Syringe
pump
Motor
Loading
arm

3-way
valve

Suction caisson
Sand

Interpretation of the data is led by Fugro and
currently ongoing.
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Community Outreach
An outward-facing nature and commitment to
community outreach were hard-wired into the fabric
of the Centre from the time of first proposing the
project to State Government in mid-2017. This vision
was further backed early on by a $19,500 UWA
Research Impact Grant to create ‘strategic outreach
activities to promote UWA’s expansion of renewable
wave energy research in Albany’. This grant enabled
the Centre to build the 3-metre long wave flume
that is now at the heart of all outreach activities at
headquarters.
The ‘Sustainable Communities Fair’ in Albany’s
Town Square and Engineers Australia co-hosted
public lecture in the Albany Entertainment Centre in
March 2018 were the first of 30 public engagement
events by the WERC to date. The Centre Manager
established headquarters in Albany in April 2018
and progress towards the vision of a ‘wave energy
shopfront’ quickly gathered speed – although it
would take another year until headquarters found
a home in the historic railway station. By August
2018, the WERC had joined the Great Southern
Science Council – Executive Committee and the City
of Albany ‘Renewable Energy’ Working Group. From
late 2018, the WERC was part of the collaboration
‘National Science Week in the Great Southern’ – that
also includes the Great Southern Science Council,
the Museum of the Great Southern, the City of
Albany and other partners.
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The collaboration was successful in two successive
competitive grant rounds and received $15,000 for
2019 and $10,000 for 2020 from Inspiring Australia.
National Science Week in August 2019 was
particularly significant in that two main events within
the collaboration’s program were hosted in the
newly refurbished ‘Great Southern Marine Research
Facility’. The first, the ‘Rocks, Rips & Renewables
Forum’, was a multi-disciplinary showcase of science
research in the region with a focus on the designated
wave energy development site at Torbay, with
strong representation of the WERC research in the
line-up of speakers and expert panel members. The
second, the ‘3D Wave Energy Converter Hackathon’
was part of a $2,000 National Science Week grant
in partnership with Creative Albany’s Fathom Co.
– allowing the Centre to purchase a 3D printer for
design and innovation themed events.
On 31 October 2019, the evening before the official
Open Day of headquarters, we hosted the ‘Oceans,
Energy & Communities’ public lectures and panel
discussion at the Albany Entertainment Centre,
having invited four key Centre collaborators to
present their projects and benefits to the community:
wave energy technology developments, marine
observing initiatives, marine science exploration
and the quality of the Albany wave energy site. The
degree of pride and passion among the audience
for the Great Southern region and its prosperity
were once again evident and overwhelming, and the
WERC is humbled and pleased to be a part in this.
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Increasingly, the community also started to take
an interest in the individual skills and personal
backgrounds of the growing WERC team in Albany.
For example, around 400 High School students from
the region learned about our paths into and work
on wave energy through the ‘Science Rocks Career
Expo’ in May 2019 and June 2020. The WERC team
was – literally – centre stage at the UWA Alumni
Research Dinner ‘You, me & the big blue sea’ in
October 2019, as part of the celebrations of the 20th
anniversary of the Albany Campus. WERC personnel
were also featured in the special video production
to mark this occasion that has since been viewed by
hundreds of people via Youtube. Similarly, the video
resources created by the Great Southern Science
Council continue to attract viewers and generate
interest in career paths in ocean renewable energy.
The connections with event organisers remain
strong, for example for participation in the annual
Sustainable Communities Fair (March 2018, 2019),
the Proudlove Parade Night Markets (January
2020) and the traditional Welcoming the Whales
Festival (cancelled in 2020 due to the coronavirus
pandemic). The WERC team in Albany has grown in
size and diversity of expertise, making the Centre a
natural point of attraction. We have also observed
a healthy increase in our social media following that
mirrors how the networks have spread within the
community.
Thanks to a newly completed Inspiring Australia
project grant to develop a portable wave flume
activity, our offering to event organisers and to
schools for incursions has become even more
attractive. We are particularly pleased that, across

our general visitation to headquarters, public
outreach and school engagement, we have been able
to connect with an audience of around 3,000 people
from highly diverse backgrounds, such as 6-year old
Albany Scouts, the Denmark Senior High School Year
7 Gifted & Talented STEM Program, the Katanning
Senior High School ‘Wirrpanda Foundation Deadly
Sista Girlz’ – through to the Probus Club for active
seniors in the region. As envisaged in the project
proposal back in 2017, we have hosted open houses
and research seminars – but the Centre headquarters
have delivered much more to the community than
the sum of these parts.
In August 2020, the ‘Wooyan Gaba Room’ of the
Great Southern Marine Research Facility joined
the network of Children’s University Australasia
– WA Partnership as a Learning Destination. The
program invites children between 5 and 14 years
to engage in learning beyond school and has been
shown, via its origin in the UK, to raise aspirations
and increase educational achievement – especially
among disadvantaged demographics. We are looking
forward to hosting the first school holiday program
at our Albany headquarters and leave our mark –
literally – in the visiting students’ passports on their
way to graduation.
The main conduit for community outreach at the
Perth node of the WERC are the annual UWA Open
Day in August – attracting thousands of interested
prospective students – and the Australasian Oil &
Gas Exhibition & Conference in March – where the
WERC jointly staffs a stall with the Australian Ocean
Energy Group, National Energy Resources Australia
and Carnegie Clean Energy.

“The Wave Energy Research Centre are a preferred partner for
collaboration because of the breadth of expertise in outreach
and enthusiasm they bring to every event and project.
We have collaborated on a number of events in 2019 and
2020 and the involvement of WERC guarantees a solid and
well run event that benefits both science and the community.
We look forward to collaborating in the future, especially
given that the theme of National Science Week this year
was Deep Blue: Innovations for Our Oceans, so WERC is well
positioned to contribute.”
A/Prof. Katy Evans, Great Southern Science Council
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WERC in the News
2017
Oct 6

“New UWA-led wave energy centre to be
established in Albany” University News

Oct 6

Christophe Gaudin interviewed
(Western Independent)

2018

Dec
13

“Pristine reef a new “hope spot”
Albany Advertiser

Nov
24

Wiebke Ebeling on ABC Radio
(Great Southern)

Dec
19

“Tender awarded for artificial surf reef”
Great Southern Weekender

Nov
26

“New website puts WA on the map for
wave energy research” University News

Nov
26

Wiebke Ebeling in Engineers Australia
magazine

“Researchers engineer a winning strategy
for the Rottnest Swim” University News

Feb 20

Scott Draper on TV (Channel 10) and
ABC Radio

Feb 7

“Research Rolls On”
Great Southern Weekender

Wiebke Ebeling on ABC Radio
(Great Southern)

Feb 19

Wiebke Ebeling on ABC Radio
(Great Southern)

“Albany to become global leader in wave
energy” University News

Feb 26

Rebecca Green on ABC Radio
(Great Southern)

Feb 24

2019

Jun 6

Wiebke Ebeling on ABC Radio
(Great Southern)

Mar
12

Christophe Gaudin on TV (ABC 24)

Jun 12

Britta Bienen interviewed (Offshore Wind)
Wiebke Ebeling interviewed
(The West Australian)

Wiebke Ebeling interviewed
(Great Southern Weekender)

Jun 19

Mar
12
Jun 21

“Wave Hello to New Facility”
Albany Advertiser

Aug
12

Wiebke Ebeling on ABC Radio
(Great Southern)

Aug
12

“Give Wave Energy a Go”
Albany Advertiser

Aug
15

Wiebke Ebeling on ABC Radio
(Great Southern)

Aug
29

“Positives in shaky starts”
Albany Advertiser

Jul 9

Jeff Hansen on ABC Radio
(Great Southern)

Jul 12

“New wave energy technology creates a
splash in Albany” University News

Jul 12

Wiebke Ebeling on TV (GWN7)

Aug 7

Jeff Hansen interviewed
(The West Australian)

Sep 21

Wiebke Ebeling interviewed (ABC News)

Sep 21

Wiebke Ebeling on ABC Radio
(Great Southern)

Oct 29

Christophe Gaudin on ABC Radio
(Great Southern)

Sep 21

Jeff Hansen interviewed (ABC News)

Nov 5

“State waves power flag”
Albany Advertiser

Sep 27

WERC named innovation hotspot (Power
Technology)

Nov 5

“Government not about to wave
goodbye” The West Australian

Oct 18

David Skene on RTR FM Radio

Nov
21
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David Skene interviewed
(The West Australian)

Feb 20

Feb 23
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Nov
22

David Skene on ABC Radio
(Great Southern)

Nov
13

2020
Jan 24
Mar
10

”Making waves: Former Mandurah
student to study in USA as part of
scholarship program” Mandurah Mail
“Albany research on the right
wavelength” Albany Advertiser

Jun 1

“New data reveals significance of
Perth super storm” University News

Jun 9

“UWA expertise to help shape future of
Australian Oceans” University News

Jun 12

“Great Southern STEMI career expo
takes on a virtual reality”
Albany Advertiser

“Five early career researchers awarded
federal funding” University News

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

45

44

TEAM
MEMBERS

IND

36

TRY
US

M

M

5.74

78
ACADEMIC
PUBLICATIONS

MILLION
SUPERCOMPUTING
HOURS

IMPACT

OVER

$400K
ADDITIONAL
FUNDING
LEVERAGED

46

MEDIA
FEATURES

CO

RE
SE
A RC

H

Activity Snapshot

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

10

UN

ITY

864
SCHOOL STUDENTS
ENGAGED

SS
E
N
E
AWAR

30
PUBLIC
OUTREACH
EVENTS

TRAINING

12
POSTGRADUATE
STUDENTS TRAINED

CROSS-SECTOR
COLLABORATIONS

575

11

VISITORS
TO GSMRF

ORGANISATIONS
REPRESENTED ON
ADVISORY BOARD

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

47

Team Members
Prof. Christophe Gaudin

Dr Jeff Hansen

Centre Director, Program Lead – Geotechnics, Perth
Christophe is a geotechnical engineer and scientist with over 20 years’
experience with the offshore oil and gas industry. Over the last 5
years, Christophe has redirected his research effort towards offshore
renewables, pursuing scientific interests and becoming acutely aware of
the imperative for renewable energy and its potential for the Australian
economy. He has established the National Geotechnical Centrifuge Facility
at UWA and is the founding Director of the Wave Energy Research Centre.

Program Lead – Oceanography, Perth
Jeff’s research focuses on understanding physical processes such as
surface wave dynamics, nearshore processes, coastal evolution, and
marine renewable energy. Among other projects, this includes the
development of topographic and bathymetric mapping systems and new
in-situ and remote sensing techniques to measure waves, water levels,
and currents in the surf zone. He co-leads the Oceanography / Coastal
Processes research program within the WERC.

Dr Wiebke Ebeling
Centre Manager, Albany
Wiebke is a neuroethologist by training who worked in science
communication, education and outreach roles in various scientific
disciplines before joining UWA and establishing the WERC
headquarters in Albany in early 2018. She manages the Centre
operations across both nodes and the GSMRF in Albany, with additional
carriage of engagement with State Government, key local, national and
international stakeholders, as well as schools and the public. She is the
Albany Board Director of the Southern Ports Authority and an Executive
member of the Great Southern Science Council.
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Dr Mark Buckley
Postdoctoral Researcher – Oceanography, Albany
Mark studies the oceanography and bathymetric processes occurring on
the southern coastline of Western Australia – in a region that is globally
recognised for its potential as a wave energy resource. The observational
data from wave rider buoys and a coastal camera system, as well as
modelling of waves and currents, play a pivotal role in informing the
ocean renewable energy sector with regard to the design and placement of
wave energy converters.

Meredith Spencer

Dr Paul Branson

Administrative/Outreach Support, Albany
Meredith has a background in applied environmental science and
communication, working with Government, private and not-for-profit
organisations in regional conservation management. This includes
consulting activities and coordination of threatened flora surveys, for
instance for Carnegie Clean Energy’s Albany Wave Energy project in 2018.
She joined UWA in August 2019 to support the Centre operations and
public and school outreach programs at the GSMRF.

Associate Researcher – Oceanography, Perth
Paul is jointly appointed by CSIRO/UWA. His cutting-edge research
provides a sophisticated modelling system to compare the probability
distributions of wave parameters. This will improve assessment of ocean
site conditions and allow cost-effective, site-specific wave energy device
designs – responding to and surviving extreme conditions. He has been
awarded a Fulbright Scholarship to work with Oregon State University and
the Pacific Marine Energy Center.

Prof. Ryan Lowe

Dr Mike Cuttler

Program Lead – Oceanography, Perth
Ryan studies how oceanic and atmospheric forces drive the circulation
and distribution of wave energy in coastal systems (e.g. beaches, coral
reefs, rocky shorelines). He employs a wide range of field, laboratory
and numerical modelling techniques to understand processes such
as sediment transport, marine ecology and the impact to/from coastal
infrastructure. Ryan co-leads the Oceanography / Coastal Processes
research program within the WERC.

Associate Researcher – Oceanography, Perth
Mike’s research highlights how atmospheric processes, such as the
Southern Annular Mode and position of the sub-tropical high-pressure
ridge, can influence the local wave climate (magnitude and direction
of wave energy). Quantifying these relationships provides important
insight into how the wave climate and wave energy resource may respond
to climate change, as well as how changes in wave climate may alter
nearshore processes including sediment transport.
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Dr Dirk Rijnsdorp

A/Prof. Scott Draper

Associate Researcher – Oceanography, Perth
Dirk’s research fills a significant void in scientific literature by analysing
the downstream effects of a single deployed wave energy device and
modelling the effect of multiple devices. His numerical non-hydrostatic
wave flow model (SWASH – Simulating WAves till Shore) simulates
the wave-induced response and motion instabilities of submerged
wave energy converters. Dirk contributes to the oceanography and
hydrodynamics WERC research programs.

Program Lead – Hydrodynamics, Perth
Scott works on fluid mechanics problems relevant to the marine
renewable energy industry. His “surface to seabed” research uses field
data, laboratory testing and numerical modelling, and has been applied
to a range of problems including the stability of subsea infrastructure
at the seabed, the optimum arrangement of tidal turbines, and the
hydrodynamics of floating bodies. He co-leads the WEC Hydrodynamics /
Wave-WEC Interaction research program within the WERC.

Renan Fonseca da Silva

Dr Hugh Wolgamot

PhD Student – Oceanography, Perth (commenced March, 2018)
Renan researches the interaction of waves with submerged structures
such as bottom-mounted wave energy devices, submerged breakwaters
and natural structures (e.g. reefs), having applied and extended the waveflow numerical model SWASH (Simulating WAves till Shore). His research
will inform the design of wave farms to maximise power production and
achieve positive environmental responses. Renan received the UWA 2019
Robson & Robertson award.

Program Lead – Hydrodynamics, Perth
Hugh works on offshore hydrodynamics and wave-structure interaction
problems, with applications in the wave energy and floating offshore
wind energy industries. He received a prestigious Discovery Early Career
Researcher Award from the Australian Research Council, commencing
in 2020, to investigate design waves. Hugh has been funded by the Shell
Chair program at UWA since 2014. He co-leads the WEC Hydrodynamics /
Wave-WEC Interaction research program within the WERC.

Daniel Raj David

Dr Adi Kurniawan

PhD Student – Oceanography, Perth (commenced September, 2018)
Daniel uses numerical modelling to analyse the potential impacts of wave
energy converter arrays (“wave farms”) on coastal habitats in order to
inform optimal placement strategies. This includes parameters of the
Albany site which is globally recognised for its wave energy resource and
potential suitability for wave farms. Understanding optimised placement
of wave energy converters will minimise coastal impacts and maximise
potential power generation.

Postdoctoral Researcher – Hydrodynamics, Albany
Adi has an extensive background in wave energy, stretching back over
a decade. He has worked on modelling numerous different devices and
spent time at universities and institutes across Europe. He is the coauthor (with Johannes Falnes) of the book “Ocean Waves and Oscillating
Systems”, the ubiquitous and authoritative reference in the field of wave
energy. Adi has a long-standing interest in high-level studies which seek to
identify trends across the industry.

Carly Portch
PhD Student – Oceanography, Albany (commenced January, 2019)
Carly’s research quantifies the nearshore hydrodynamics and
morphodynamics of Albany’s wave energy development site to provide
a baseline assessment of the site’s natural conditions. She uses remote
sensing technologies to measure foreshore topography and wave run-up
variability, across space and time. This will inform coastal management on
flood risk under extreme erosion or accretion cycles and potential coastal
impacts of wave energy technology.
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Dr David Skene
Postdoctoral Researcher – Hydrodynamics, Perth
David is a hydrodynamicist, with training spanning mathematics and
engineering. Having modelled waves and sea ice as part of his PhD,
he joined UWA to commence the WERC research project on real-time
prediction of irregular waves. He has since worked for Carnegie Clean
Energy and is now part of the Australia-China Joint Research Centre of
Offshore Wind and Wave Energy Harnessing at the University of Adelaide.
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Prof. Paul Taylor

Dr Henning Mohr

Associate Researcher – Hydrodynamics, Perth and Oxford/UK
Paul is Chair in Ocean Engineering at UWA and draws on vast experience
across a huge range of problems in ocean engineering, from his time in
academia (at Oxford and as visiting professor at National University of
Singapore) and industry (Shell). He is a mentor to the group. In recent
years he has undertaken several projects on the M4 wave energy
converter developed by Peter Stansby, including an assessment of its
feasibility for deployment off Albany.

Postdoctoral Researcher – Geotechnics, Perth
Henning studies the foundation response under loadings that are typical
for wave energy converters. Using the geotechnical centrifuge at UWA,
he analyses the geotechnical behaviour of different foundation types,
looking in particular at the foundation performance and survivability
for wave energy converters. The outcome of this research will improve
site-specific design methods and the economic viability of future offshore
developments.

Dr Jana Orszaghova

A/Prof. Britta Bienen

Associate Researcher – Hydrodynamics, Perth
Jana has a background in mathematical modelling, coastal engineering
and ocean renewable energy, including several years spent developing
wave generation software in industry. Her recent research on parametric
instabilities in wave energy converters addresses an important problem
that affects a wide variety of moored WECs in the industry. Recently
she has been working on floating offshore wind energy, as part of the
FloatSTEP project led by DTU, Denmark.

Associate Researcher – Geotechnics, Perth
Britta uses innovative geotechnical centrifuge and numerical modelling
experiments that provide insight into the physical mechanisms that
govern foundation response. She is the recipient of the 2020 Australian
Academy of Science John Booker Medal in Engineering Science for her
ground-breaking research of foundation design for the renewable energy
industry. This may become a step change in the cost-competitiveness of
offshore wave and wind farms.

Thobani Hlophe
PhD Student – Hydrodynamics, Albany (commenced May, 2019)
Thobani’s project seeks to develop a real-time predictive model of
wave elevation which can be used with control stategies to improve
performance of wave energy converters. He uses his mathematical
background to build his model – which runs on standard computers, thus
offering a cost-effective solution for the marine renewables sector. His
project involves analysing synthetic, lab, and Albany field data.
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Prof. Fraser Bransby
Associate Researcher – Geotechnics, Perth
Fraser was appointed the Fugro Chair in Geotechnics at UWA in
mid-2018, having worked across academia and industry (including
as a consultant and at Fugro AG Pty Ltd) to meet the scientific and
engineering challenges of the offshore oil and gas industry. Numerous
offshore projects have benefited from new technical solutions developed
by Fraser over the years – which he can now apply to the marine
renewables sector.

Guy McCauley

A/Prof. Conleth O’Loughlin

PhD Student – Hydrodynamics, Perth (commenced March, 2017)
Guy’s work focuses on the hydrodynamics of shallowly submerged
wave energy devices and how to develop simplified numerical models to
predict their behaviour. His method has the potential to greatly reduce
the computation time to accurately predict the forces on and motions of
submerged devices – for more accurate prediction of power production.
Guy has been supported by a Robert and Maude Gledden Postgraduate
Scholarship from UWA and by the Lloyd’s Register Foundation.

Associate Researcher – Geotechnics, Perth
Conleth was a postdoctoral researcher at UWA, then established
Ireland’s first and only geotechnical centrifuge before returning to
UWA as the Manager of the National Geotechnical Centrifuge Facility.
He is now the Director of the NGCF and works in the area of offshore
geotechnical engineering. His research has a particular focus on offshore
anchoring, soft soil characterisation and foundation systems for offshore
renewable energy devices.
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Prof. Phil Watson

Dr Becks Green

Associate Researcher – Geotechnics, Perth
Phil is the Shell Professor of Offshore Engineering at UWA and Director
of the Australian Research Council Industrial Transformation Research
Hub on Offshore Floating Facilities. He is a highly experienced offshore
geotechnical engineer, with over 25 years’ experience in oil and gas.
Phil was a Director of specialist geotechnical consulting firm Advanced
Geomechanics in Perth and also held the position of Global Director of
GeoConsulting for Fugro.

Postdoctoral Researcher – Oceanography, Albany
Becks is jointly appointed by the Australian Research Council Centre of
Excellence for Coral Reef Studies at UWA and the WERC. Her experience
studying the oceanography of remote coral reef systems, such as Scott
Reef in northwestern Australia, is applicable to the numerical modelling
of submerged features and the continental shelf of the Great Southern
coast, especially with the Great Southern Reef having been named a global
“Hopespot” in biodiversity.

Manuel Herduin
PhD Student – Geotechnics, Perth (awarded July, 2019)
Manuel’s PhD project established a geotechnical design framework
of suction caissons under multidirectional alternate cyclic loading. He
also studied the viability of mooring multiple floating renewable energy
devices to a single caisson by developing analysis methods for the
installation, operation and decommissioning of the anchor. This work
is applicable to large arrays of floating wind turbines and floating wave
energy converters.
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Carlin Bowyer
Research Officer – ARC Centre of Excellence for Coral Reef Studies, Perth
Carlin is a fieldwork specialist with extensive experience across academia
and industry. Based at the UWA Indian Ocean Marine Research Centre,
Carlin assists the WERC with technical fieldwork requirements. He
has a background in Geographic Information Systems (e.g. spatial data
collection, manipulation and analysis, and map product development) and
coastal morphology (e.g. survey techniques and morphology analysis).

Nicole Fiumana

Dave Tunbridge

PhD Student – Geotechnics, Perth (awarded July, 2020)
Nicole investigated the potential of active suction to temporarily increase
the uplift capacity of caisson foundations for offshore renewables.
Active suction consists of pumping water from inside the caisson to
actively apply a differential pressure across the lid of the fully installed
foundation, providing temporary additional tensile capacity in extreme
peak events. She used centrifuge modelling, numerical modelling and
analytical validation.

Research Officer, Albany
Dave has an Honours degree in Marine Science and over twenty years’
experience as a field scientist working across a wide range of marine,
estuarine and aquatic environments. He joined UWA in Albany as part of
the Centre of Excellence in Natural Resource Management (CENRM) in
2007. Dave assists the WERC in a variety of ways, ranging from fieldwork,
over operational logistics to hardware installations for the Albany
headquarters.

Lama Thebian

Dr Andrew King

PhD Student – Geotechnics, Perth (commenced November, 2018)
Lama analyses loading pressures on anchor piles as they occur when
several floating renewable energy devices share a single foundation
anchor. This is particularly important as foundation sharing can provide
great cost savings. However, the resulting complex multidirectional
loading stresses are still poorly understood and currently lacking in anchor
designs. Lama’s research includes innovative use of optic fibre technology
to measure pile displacement.

Associate Researcher – Hydrodynamics, Perth (Curtin University)
Andrew is part of the Curtin Fluid Dynamics Research Group. His
expertise is in the modelling of wave energy converters, with a focus
on performance prediction and characterisation of extreme loads, using
Computational Fluid Dynamics. He has also applied these models to
multidisciplinary research projects in heat transfer (including thermal
bleaching of coral), filtration and deposition of particles in biological
systems (e.g. airways).
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Pierre-Yves Duverneuil
PhD Student – Geotechnics, Perth (commenced March, 2020)
Pierre’s PhD will inform future demand for screw anchorage systems to
fix both floating and bottom-fixed offshore renewable energy devices to
the seabed. Screw anchorage systems offer many advantages over other
types of embedded anchors, however, further knowledge is required to
understand their behaviour in offshore situations under varying load and
environmental conditions.

Aidan Archer
Associate Researcher – Hydrodynamics, Perth and Albany
Aidan completed his Masters at UWA, having worked on experimental
analysis of rainbow trapping in water waves, with potential wave energy
applications. He won the DN Foster Award from Engineers Australia’s
National Committee on Coastal and Ocean Engineering for this work.
He joined the WERC prior to commencing a job in industry, to publish his
research and also to assist with programming and equipping the 3-metre
wave flume display at the Albany headquarters.

Matt Hatcher
Technical Officer - Oceanography, Albany
Matt has a diverse background providing the technical support needed
for oceanographic research. His past experience has spanned disciplines
(physical, biological, chemical and geophysical) in the field and lab
setting (in both academia and the private sector) mainly on the Atlantic
coast of Canada. In Albany, Matt will primarily oversee the day-to-day
operations of the IMOS wave buoy testing program, and also support the
field research activities of WERC focusing on the oceanography and coastal
processes in the Albany region.

Lisa Melvin
Business Manager – UWA Centre for Offshore Foundation Systems, Perth
Lisa has a background in Financial Accounting and Managerial
Accounting, as well as business law, and has worked at UWA in a
number of roles since 2003. As part of her roles with the ARC Centre
of Excellence for Geotechnical Science and Engineering (2011-2018)
and COFS, she oversees contractual negotiations and operations of all
experimental facilities, including contracts with international industry. Lisa
assists WERC Management with financial reporting, budget projections
and Human Resources matters.
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Conference Presentations
Gaudin C., O’Loughlin C.D., Bienen B. 2018 “Geotechnical
modelling for offshore renewables”, Proceedings of the
9th International Conference on Physical Modelling in
Geotechnics. London, UK. KEYNOTE

Rijnsdorp D.P., Orszaghova J., Skene D., Wolgamot H., Rafiee
A. 2019 “Modelling motion instabilities of a submerged wave
energy converter”, The 34th International Workshop on
Water Waves and Floating Bodies. Newcastle, Australia

Bienen B., Gaudin C., Randolph M.F. 2019 “Geotechnical
considerations associated with offshore renewables”,
Proceedings of the 16th Asian Regional Conference on Soil
Mechanics and Geotechnical Engineering. Taipei, Taiwan.
KEYNOTE

Skene D., Wolgamot H., Geldard J., Taylor P., Draper S. 2019
“Real-time prediction of unidirectional irregular waves”, The
34th International Workshop on Water Waves and Floating
Bodies. Newcastle, Australia

Kurniawan A. 2020 “Wave energy: Past, present, future”, 2nd
International Conference on Technology and Policy in Electric
Power and Energy. Online. KEYNOTE
Herduin M., Gaudin C., Johanning L. 2018 “Anchor sharing
in sands: Centrifuge modelling and soil element testing to
characterise multidirectional loadings”, Proceedings of the
37th International Conference on Ocean, Offshore and Artic
Engineering. Madrid, Spain
Gaudin C., Lowe R.J., Draper S., Hansen J.E., Wolgamot H.,
Fievez J., Taylor D., Pichard A. 2018 “A wave energy research
centre in Albany, Australia”, Proceedings of the 4th Asian
Wave and Tidal Energy Conference. Taipei, Taiwan
Fiumana N., Gaudin C., Tian Y., O’Loughlin C.D. 2018
“Physical modelling of active suction for offshore
renewables”, Proceedings of the 9th International Conference
on Physical Modelling in Geotechnics. London, UK

Buckley M., Hansen J., Lowe R., Cuttler M., Green R., Dufois
F. 2019 “Observations and modelling of waves and currents
in Albany, WA”, Australian Marine Sciences Association.
Fremantle, Australia
Cuttler M., Hansen J., Lowe R. 2019 “Seasonal and
interannual variability of the wave climate at a wave energy
hotspot off the southwestern coast of Australia”, Australian
Marine Sciences Association. Fremantle, Australia
Ebeling W., Gaudin C., Lowe R., Draper S. 2019 “Great
Southern Marine Research Facility – a new hub for Australia’s
Blue Economy”, Australian Marine Sciences Association.
Fremantle, Australia

Orszaghova J., Wolgamot H., Draper S., Rafiee A. 2018
“Motion instabilities in tethered buoy WECs”, Proceedings
of the 4th Asian Wave and Tidal Energy Conference. Taipei,
Taiwan

Green R., Lowe R., Buckley M., Foster T., Gilmour J. 2019
“Physical mechanisms influencing localized pattern s of
temperature variability and coral bleaching within a system
of reef atolls”, Australian Marine Sciences Association.
Fremantle, Australia

White D.J., O’Loughlin C.D., Stark N., Chow S. 2018 “Free fall
penetrometer tests in sand: Determining the equivalent static
resistance”, Proceedings of the 4th International Symposium
on Cone Penetration Testing. Delft, Netherlands

Hansen J., Cuttler M., Bowyer C., Buckley M., Lowe R. 2019
“Application of high-resolution nearshore bathymetry for
marine research along the southwestern Australian coastline”,
Australian Marine Sciences Association. Fremantle, Australia

Bienen B., Ragni R., Fiumana N., Gaudin C. 2019 “Suction
bucket foundations for offshore renewable energy
installations”, Proceedings of the 13th Australia New Zealand
Conference on Geomechanics. Perth, Australia

Portch C., Buckley M., Lowe R., Hansen J., Lockwood C.,
Rijnsdorp D., Cuttler M., Green R. 2019 “Assessing the
reliability of wave-driven coastal flood prediction techniques
under varying wave conditions and bottom roughness”, The
2nd International Workshop on Waves, Storm Surges and
Coastal Hazards. Melbourne, Australia

Chow S.H., Verth A., Zang L., Orszaghova J., Bradley R.,
Wolgamot H., Beemer R.D. 2019 “Mooring of wave energy
systems using dynamically installed anchors”, Proceedings
of the 13th Australia New Zealand Conference on
Geomechanics. Perth, Australia
McCauley G.J., Wolgamot H., Draper S., Orszaghova J. 2019
“Wave interaction with a shallowly submerged step”, The
34th International Workshop on Water Waves and Floating
Bodies. Newcastle, Australia
Niemann C., O’Loughlin C.D., Tian Y., Cassidy M.J., Reul O.
2019 “Pile groups subjected to lateral cyclic loading – a
comparison of 1g and centrifuge model tests”, Proceedings
of the 17th European Conference on Soil Mechanics and
Geotechnical Engineering. Reykjavik, Iceland
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McCauley G.J., Wolgamot H., Draper S., Orszaghova J. 2019
“Wave interaction with a shallowly submerged step in 2D”,
Proceedings of the 38th International Conference on Ocean,
Offshore and Arctic Engineering. Glasgow, UK
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Griffiths T., Teng Y., Cheng L., An H., Draper S., Mohr H.,
Fogliani A., Mariani A., White D. 2019 “Hydrodynamic
forces on near-bed small diameter cables and pipelines in
currents, waves and combined flow”, Proceedings of the 38th
International Conference on Offshore Mechanics and Arctic
Engineering. Glasgow, UK
Ullah S.N., Hu Y., O’Loughlin C.D. 2019 “A green foundation
for offshore wind energy – helical piles”, Proceedings of the
World Engineers Convention. Melbourne, Australia

Zang L., Chow S.H., O’Loughlin C.D., Orszaghova J., Beemer
R.D., Wolgamot H. 2019 “Cyclic capacity of dynamically
installed anchors and plate anchors in clay”, Proceedings
of the 13th Australia New Zealand Conference on
Geomechanics. Perth, Australia
Chow S.H., Bienen B., Randolph M.F. 2020 “Rapid
penetration of spudcans in sand”, Proceedings of the
4th International Symposium on Frontiers in Offshore
Geotechnics. Austin, USA
Stapelfeldt M., Bienen B., Grabe J. 2020 “Suction caisson
response under tensile and compressional vertical cyclic
loading in layered soils”, Proceedings of the 4th International
Symposium on Frontiers in Offshore Geotechnics. Austin,
USA.
Stapelfeldt M., Alkateeb D., Grabe J., Bienen B. 2020
“Numerical simulation of cone penetration tests inside
suction caisson foundations in sand”, Proceedings of the 39th
International Conference on Ocean, Offshore and Arctic
Engineering. Fort Lauderdale, USA
Stapelfeldt M., Bienen B., Grabe J. 2020 “Insights into the
suction caisson installation utilising the material point
method”, Proceedings of the 16th International Conference
of the International Association for Computer Methods and
Advances in Geomechanics. Torino, Italy
Wolgamot H., Archer A., Orszaghova J. 2020 “Experimental
observation of rainbow trapping in water waves”, KOzWaves.
Melbourne, Australia

Low H.E., Zhu F., Mohr H., Erbrich C., Watson P.G.,
Bransby M.F., O’Loughlin C., Randolph M.F., Mekkawy
M., Travasarou T., O’Connell D. 2020 “Cyclic Loading of
Offshore Wind Turbine Suction Bucket Foundations in
Sand”, 4th International Symposium on Frontiers in Offshore
Geotechnics. Austin, USA
Orszaghova J., Taylor P., Wolgamot H., Madsen F.J., PegalajarJurado A., Bredmose H. 2020 “Second and third order
sub-harmonic wave responses of a floating wind turbine”,
Proceedings of the 35th International Workshop on Water,
Waves and Floating Bodies. Online
McCauley G., Wolgamot H., Draper S., Orszaghova J. 2020
“Non-linear hybrid model for forced heave of a shallowly
submerged cylinder”, Proceedings of the 35th International
Workshop on Water, Waves and Floating Bodies. Online
Archer A., Wolgamot H., Orszaghova J., Bennetts L.G.,
Peter M.A., Craster R.V. 2020 “Experimental observation
of Rainbow Trapping of water waves”, Proceedings of the
35th International Workshop on Water, Waves and Floating
Bodies. Online
Gaudin C., O’Loughlin C.D., Herduin M. 2020 “The modelling
of piles under multidirectional loading”, Proceedings of
the 4th European Conference on Physical Modelling in
Geotechnics. Luleå, Sweden
Chow S.H., Diambra A., Roy A., O’Loughlin C.D., Gaudin
C. 2020 “Cyclic capacity of plate anchors in loose sand”,
Proceedings of the 4th International Symposium on Frontiers
in Offshore Geotechnics. Austin, USA

Hlophe T., Wolgamot H., Kurniawan A., Draper S., Orszaghova
J., Taylor P.H. 2020 “Real-time wave-by-wave prediction of
weakly nonlinear unidirectional irregular wave-fields”, 7th
PRIMaRE Conference. University of Plymouth, online
Kurniawan A., Tran T.T., Brown S., Eskilsson C., Orszaghova
J., Greaves D.M. 2020 “Numerical simulation of parametric
resonance in wave energy converters using simplified
models”, 7th PRIMaRE Conference. University of Plymouth,
online
Lemoine S., Orszaghova J., Wenhua Z., Taylor S. 2020
“Seasonal Variability Assessment of the M4 Wave Energy
Converter Practical Power along the Western Australian
Coast”, 7th PRIMaRE Conference. University of Plymouth,
online
Chow S.H., Orszaghova J., Wolgamot H., Beemer R., Ragni
R., Rijndorp D., Zang L., Verth A., Bradley R., Seng M.,
Thong B., Ross D. 2020 “Studying Mooring of Wave Energy
Systems using Scaled Field Trials”, 7th PRIMaRE Conference.
University of Plymouth, online
Bienen B., Klinkvort R.T., Fan S., Black J., Bayton S., Thorel
L., Blanc M., Madabhushi G., Haigh S., Broad T., Zania V.,
Askarinejad A., Li Q., Kim D.S., Park S., Almeida M., Barra
M.F., Prendergast L., Kong D., Zhu B. 2019 “Centrifuge
benchmark testing of laterally loaded monopiles in sand”,
Proceedings of the 16th Asian Regional Conference on Soil
Mechanics and Geotechnical Engineering. Taipei, Taiwan
Bienen B., Ragni R., Fiumana N., Gaudin C. 2019 “Suction
bucket foundations for offshore renewable energy
installations”, Proceedings of the 13th Australia New Zealand
Conference on Geomechanics. Perth, Australia
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Journal Publications

Zhu F., Bienen B., O’Loughlin C., Morgan N., Cassidy M.J.
2018 “The response of suction caissons to multidirectional
lateral cyclic loading in sand over clay”, Ocean Engineering
170, 43-54

Chow S.H, O’Loughlin C.D., Gaudin C., Lieng J.T. 2018
“Drained monotonic and cyclic capacity of a dynamically
installed anchor in sand”, Ocean Engineering 148, 588-601

Huang T., O’Loughlin C.D., Gaudin C., Tian Y., Lu T. 2020
“Drained response of rigid piles in sand under an inclined
tensile load” Géotechnique Letters 10, 30-37

Hao D., Wang D., O’Loughlin C.D., Gaudin C. 2018 “Tensile
monotonic capacity of helical anchors in sand: interaction
between helices”, Canadian Geotechnical Journal 56 (10),
1534-1543

Orszaghova J., Wolgamot H., Draper S., Eatock Taylor R.,
Taylor P.H., Rafiee A. 2019 “Transverse motion instability of a
submerged moored buoy”, Proceedings of the Royal Society
A-Mathematical Physical and Engineering Sciences 475:
20180459

Kreitmair M.J., Draper S., Borthwick A.G.L., van den
Bremer T.S. 2019 “The effect of uncertain bottom friction
on estimates of tidal current power”, Royal Society Open
Science, 6: 180941

Zhao L., Gaudin C., O’Loughlin C.D., Hambleton J., Cassidy
M.J., Herduin M. 2019 “Drained capacity of a suction caisson
in sand under inclined loading”, Journal of Geotechnical and
Geoenvironmental Engineering, 145(2): 04018107

Fiumana N., Bienen B., Govoni S., Gourvenec S., Cassidy
M.J., Gottardi G. 2019 “Combined loading capacity of skirted
circular foundations in loose sand”, Ocean Engineering 183,
57-72

Stapelfeldt M., Bienen B., Grabe J. 2020 “The influence of
the drainage regime on the installation and the response
to vertical cyclic loading of suction caissons in dense sand”,
Ocean Engineering 215: 107105

Niemann C., O’Loughlin C.D., Tian Y., Cassidy M.J., Reul O.
2019 “Response of pile groups in sand due to lateral cyclic
loading”, International Journal of Physical Modelling in
Geotechnics 19(6), 318-330

Green R.H., Lowe R.J., Buckley M.L., Foster T., Gilmour J.P.
2019 “Physical mechanisms influencing localized patterns of
temperature variability and coral bleaching within a system of
reef atolls”, Coral Reefs 38, 759-771

Zhu F., Bienen B., O’Loughlin C.D., Cassidy M.J., Morgan N.
2019 “Suction caisson foundations for offshore wind energy:
Cyclic response in sand and sand over clay”, Géotechnique
69(10), 924-931

Judge F.M., Orszaghova J., Taylor P.H., Borthwick A.G.L. 2018
“A 2DH hybrid Boussinesq-NSWE solver for near-shore
hydrodynamics”, Coastal Engineering 142, 9-26
McCauley G.J., Wolgamot H., Orszaghova J., Draper S. 2018
“Linear hydrodynamic modelling of arrays of submerged
oscillating cylinders”, Applied Ocean Research 81, 1-14
Rijnsdorp D.P., Hansen J.E., Lowe R.J. 2018 “Simulating
the wave-induced response of a submerged wave-energy
converter using a non-hydrostatic wave-flow model”, Coastal
Engineering 140, 189-204
Cuttler M.V.W., Hansen J.E., Lowe R.J. 2020 “Seasonal and
interannual variability of the wave climate at a wave energy
hotspot off the southwestern coast of Australia”, Renewable
Energy 146, 2337-2350

Griffiths T., White D. J., Draper S., Leighton A., Cheng L., An
H., Fogliani A. 2019 “Lateral resistance of “rigid” pipelines
and cables on rocky seabeds”, Canadian Geotechnical Journal,
56(6), 823-839

Zhao L., Gaudin C., O’Loughlin C.D., Hambleton J.P., Cassidy
M.J. 2019 “Suction caisson capacity in sand under inclined
loading”, Journal of Geotechnical and Geoenvironmental
Engineering, 145(2): 04018107
Santo H., Taylor P.H., Stansby P.K. 2020 “The performance
of the three-float M4 wave energy converter off Albany, on
the south coast of Western Australia, compared to Orkney
(EMEC) in the U.K.”, Renewable Energy 146, 444-459
Rijnsdorp D.P., Hansen J.E., Lowe R.J. 2020 “Understanding
coastal impacts by nearshore wave farms using a phaseresolving wave model”, Renewable energy 150, 637-648
van Rooijen A., Lowe R.J., Rijnsdorp D.P., Ghisaberti M.,
Jacobsen N.G., McCall R. 2020 “Wave-driven mean flow
dynamics in submerged canopies”, Journal of Geophysical
Research: Oceans, 125(3)
Orszaghova J., Wolgamot H., Draper S., Taylor P.H., Rafiee
A. 2020 “Onset and limiting amplitude of yaw instability of a
submerged three-tethered buoy”, Proceedings Royal Society,
A 476: 20190762
Archer A.J., Wolgamot H.A., Orszaghova J.K, Bennetts L.G.,
Peter M.A., Craster R.V. 2020 “Experimental realisation of
broadband control of water-wave-energy amplification in
chirped arrays”, Physical Review Fluids 5, 062801(R)
Bonesso J.L., Cuttler M.V.W., Browne N., Hacker J., O’Leary
M. , 2020 “Assessing Reef Island Sensitivity Based on LiDARDerived Morphometric Indicators”, Remote Sensing 12(18),
3033
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Kurniawan A., Brown S., Forehand D., Wolgamot H. 2021
“Wave–Structure Interactions of Flexible Bags with Elastic
Tendons: Application to Wave Energy Conversion”, Journal
of Waterway, Port, Coastal and Ocean Engineering, 147(1):
04020045
Luo L., O’Loughlin C.D., Bienen B., Wang Y., Cassidy M.J.,
Morgan N. 2020 “Effect of the ordering of cyclic loading
on the response of suction caissons in sand”, Géotechnique
Letters 10(2), 303-310
Ragni R., Bienen B., O’Loughlin C.D., Stanier S.A., Cassidy
M.J., Morgan N. 2020 “Observations of the effects of a
clay layer on suction bucket installation in sand”, Journal of
Geotechnical and Geoenvironmental Engineering 146(5),
04020020
Heins E., Bienen B., Randolph M.F., Grabe J. 2020 “Effect of
installation method on static and dynamic load test response
for large diameter open-ended piles in sand”, International
Journal of Physical Modelling in Geotechnics 20(1), 1-23
Ragni R., Bienen B., Stanier S., O’Loughlin C., Cassidy M.J.
2020 “Observations during suction bucket installation
in sand”, International Journal of Physical Modelling in
Geotechnics 20(3), 132-149
Lin J., Borthwick A.G.L., Li B., Draper S. 2020 “Power
extraction by a water turbine in inviscid free surface flow
with vertical shear”, European Journal of Mechanics, B/Fluids
79, 401-418
Kreitmair M.J., Adcock T.A.A., Borthwick A.G.L., Draper S.,
van den Bremer T.S. 2020 “The effect of bed roughness
uncertainty on tidal stream power estimates for the Pentland
Firth”, Royal Society Open Science 7: 191127
Chow S.H., Diambra A., O’Loughlin C.D., Gaudin C., Randolph
M.F. 2020 “Consolidation effects on monotonic and cyclic
capacity of plate anchors in sand”, Géotechnique 70(8), 720731
Fan S., Bienen B., Randolph M.F. 2019 “Centrifuge study on
effect of installation method on lateral response of monopiles
in sand”, International Journal of Physical Modelling in
Geotechnics, accepted
Roy A., Chow S., O’Loughlin C.D., Randolph M.F., Whyte
S. 2020 “Use of a bounding surface model for predicting
element tests and capacity of simple surface footings”,
Canadian Geotechnical Journal, accepted
Roy A., Chow S., O’Loughlin C.D., Randolph M.F. 2020
“Towards a simple and reliable method for calculating
the uplift capacity of plate anchors in sand”, Canadian
Geotechnical Journal, accepted
Roy A., O’Loughlin C.D., Chow S., Randolph M.F. 2020
“Inclined loading of horizontal plate anchors in sand”,
Géotechnique, accepted
Adcock T.A.A, Draper S., Willden R.H.J, Vogel C.R. 2021 “The
Fluid Mechanics of Tidal Stream Energy Conversion”. Annual
Review of Fluid Mechanics 53, 287-310

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

61

Acknowledgements

62

We wish to acknowledge the support from the local
community, from our collaborators in academia
and industry, and from our regional partners: Great
Southern Development Commission, City of Albany,
Australian Ocean Energy Group, Blue Economy
CRC, the Australian Research Council, the Australian
Renewable Energy Agency, Southern Ports Authority,
Integrated Marine Observing System, Great Southern
Science Council and Inspiring Australia.

decision-making on all issues associated with
progress towards the WERC vision, across research
and engagement activities. We acknowledge and
appreciate the Board members’ input.

The WERC Advisory Board provides high-level advice
and guidance to WERC Management for strategic

This publication was designed by Strike Point
www.strikepoint.com.au

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

For use of photos in this Activity Report, we give
credit and special thanks to Kirsty Alexander, ABC
Great Southern, the Schmidt Ocean Institute, Green
Man Media Productions and all our UWA colleagues.

WAVE ENERGY RESEARCH CENTRE | ACTIVITY REPORT

63

