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Abstract: Marine renewable energy is still in its infancy and poses serious challenges due to the
harsh marine conditions encountered for wave or tidal installations and the survivability of devices.
Geophysical and hydrodynamic initial site surveys need to be able to provide repeatable, reliable,
and economical solutions. An oscillating water column wave energy converter is to be installed on
the west coast of King Island, Tasmania. The location is in a high-energy nearshore environment to
take advantage of sustained shoaling non-breaking waves of the Southern Ocean and required site-
specific information for the deployment. We provide insight into scalable geophysical site surveys
capable of capturing large amounts of data within a short time frame. This data was incorporated
into a site suitability model, utilising seabed slope, sediment depth, and water depth to provide the
terrain analysis needed to match deployment-specific characteristics. In addition, short-term hy-
drology and geotechnical work found a highly energetic seabed (near seafloor water velocities <1
m/s) with sufficient bearing capacity (6 MPa). In a highly energetic environment, care was taken to
collect the relevant data needed for an assessment of critical information to an emerging technology
companies primary project. This is in addition to the malleable methodology for a site suitability
model that can incorporate various weighted parameters to prioritise the location for shallow wave
energy sites in general.

Keywords: seabed characterisation; sub-bottom profiling; kriging interpolation; site-suitability
model

1. Introduction

Renewable power generation has increased steadily year on year with 70% of the net
addition to global power generation in 2017 [1] and accounts for 33% of the world’s total
installed power generating capacity in 2018 [2]. Yet, ocean energy conversion from wave
or tidal generation has remained stagnant with no new capacity added over 2017 [1] and
only 2 MW added in 2018 as mostly pilot projects [2]. Nonetheless, estimates suggest
ocean energy could contribute 11% of Australia’s energy needs by 2050 [3]. This lack of
present-day contribution can largely be attributed to the “challenges associated with ex-
tracting energy from what can be a harsh marine environment” [4]. However, investment
and development in the blue economy and the highest energy density among all renew-
able energies present opportunities to a current niche industry.

As ocean renewable energy companies seek to locate the best areas for deployments,
often multiple sites will need to be assessed. Therefore, the evaluations required need to
be cost-effective, particularly when introducing new technologies and tenuous funding
arrangements [4]. Thus, early site assessments need to be economical and yet provide a
robust geotechnical and hydrodynamic analysis in a dynamic ocean environment.
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Large-scale modelling can determine geographic locations or regions best suited to a
particular energy conversion [5] but narrowing down site-specific characteristics that are
in line with a particular technology can be difficult and expensive [6]. These site assess-
ments are typically difficult to access marine areas due to wave energy converters placed
in regions with large oscillating wave potential. This requires careful planning for data
collection during calm wind and wave conditions. Standards with which to guide compa-
nies are lacking with no guidance in Australia and the European Marine Energy Centre
Ltd. (EMEC) providing an overview with little in the way of specifics [7], particularly ge-
otechnical requirements.

The primary data sources for the seabed site characterisation usually include a suite
of instruments: multi-beam bathymetry and backscatter, sub-bottom profiles, seabed im-
agery, benthic samples, and cores [6,8,9]. This is usually followed by detailed geotechnical
and sediment dynamic studies to provide further information about site-specific parame-
ters for the safe engineering of renewable marine energy installations [10]. The variety of
environmental and geological conditions require experience in foundation and construc-
tion methods within a rational framework [11]. Thus, knowledge of the geological and
geophysical characteristics of the seabed is critical to understanding the geotechnical con-
ditions on which marine renewable conversion systems are anchored.

These geophysical characteristics are responsible for the seafloor or rock formations’
response to the foundation of a wave energy converter (WEC) [12]. This is the principal
uncertainty and represents the primary cost to construction and maintenance of WECs
and posing a serious risk to performance [13]. Site surveys are an attempt to mitigate this
risk, yet typically only the top layer (<10 cm) of unconsolidated sediment is analysed [6]
or even used to classify a region’s suitability [9]. The majority of published work largely
pertains to the site selection criteria for offshore renewable energy platforms [14] with a
larger focus on mooring systems [15] with little work pertaining to gravity-based founda-
tions in nearshore high energy wave environments during an initial site assessment.

King Island, Tasmania (located on the western side of Bass Strait) was identified as a
candidate site for deployment of an oscillating water column 1 MW wave energy con-
verter (WEC). An initial bathymetric survey was conducted to identify potential site near-
shores on the west coast of King Island. The Ettrick River mouth being used as the location
for the incoming cable route for grid connection. The WEC requires a deployment depth
of 8-12 m and takes advantage of the amplitude increase of shoaling waves to power a
unidirectional air turbine. Once the area was identified to meet the constraints of the de-
sign, further site assessment was needed to ensure the environmental and geological con-
ditions also suit the installation requirements for the WEC. We used a combination of an
economical chirper sub-bottom acoustics and piston core samples to allow for an analysis
of up to ~4-6 m of sandy sediment and 1 m of geotechnical analysis on the substrate while
also ground-truthing the sub-bottom data.

This paper provides insight into a methodological approach for an early-stage seabed
characterisation for which Barrie and Conway [8] suggest is a critical part of the engineer-
ing design process. The objective was to determine the geotechnical characteristics and
specific deployment location in a nearshore high energy wave environment for the place-
ment of gravity-based WECs. Additional survey methods were used to interpret the hy-
drodynamics and ground-truthing of piston core depths in the interpretation of acoustic
sub-bottom data. Point kriging was used to minimise the variance of bedrock interpola-
tion after careful consideration of experimental variogram models. Dive observations
were also useful in discerning the in situ characteristics of the survey site. The data were
then collated to produce a site-specific map of viable locations for Wave Swell Energy
Ltd.’s WEC. The remainder of the paper is as follows: Section 2 describes the candidate
site on the west coast of King Island and lays out the survey techniques with an emphasis
on the acoustics used to penetrate the seabed; Section 3 combines our geotechnical and
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acoustic results with a kriging interpolation along with our examination of hydrodynam-
ics; Section 4 discusses the implications and benefits of our low-cost survey methods be-
fore concluding with the major points in Section 5.

2. Materials and Methods
2.1. Study Site

The deployment site for the WEC is the western side of King Island, Tasmania, 7.5
km south of the main township of Currie. King Island is on the western side of Bass Strait,
roughly halfway from the mainland state of Victoria to the north and the main island of
Tasmania to the south (Figure 1). The island has a population of approximately 1700 peo-
ple and is currently powered by a hybrid system run by the King Island Renewable En-
ergy Integration Project (KIREIP) and developed by Hydro Tasmania. This system con-
sists of solar PV, wind farm, diesel/biodiesel generators, and is augmented by flywheel
and battery storage to supply an integrated uninterrupted energy solution [16]. The geol-
ogy of the island consists of mainly Proterozoic rocks and some Deconian granite [17]. The
region specific to Ettrick River is composed of metasediments that are fine-grained,
quartz-rich sandy turbidites, with a depositional age of 1350-1270 Ma, the oldest known
rocks in Tasmania [17,18].
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Figure 1. Location of Wave Swell Energy Ltd. survey in the Bass Strait on the west coast of King
Island, Tasmania in ~10 m of water and the location of the Ettrick River which is the destination of
the cable to the grid.

High wave energy potential is predominantly located on western coastlines due to
prevailing westerlies and long fetch length in the southern. The estimated wave energy
resource for the West Coast of King Island is 45 kW/m with an average significant wave
height of ~Hs = 4 m and wave periods Tp ~10 s—14 s [19]. The Bass Strait atmospheric
circulation is characterised by the progression of anticyclones moving west to east with
troughs of low pressure [20] providing sustained wave energy with yields of half the me-
dian value only 10% of the time [19]. Thus, King Island has been identified as a wave
climate resource to integrate into Hydro Tasmania’s hybrid power generation and as an
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optimal location for the prototype to be located [21]. If challenges such as extreme wave
conditions can be overcome and anticipated capacity factors of >0.5 can be verified, the 1
MW prototype will allow for greater renewable energy generation and less reliance on
Hydro Tasmania’s diesel generators. An initial bathymetric survey was conducted in
early 2017 and identified a potential site (50 m x 50 m) in 10 m water depth near the Ettrick
River mouth (Figure 1). The proposed deployment site is located between two rocky reefs
which at its narrowest is 54 m. Between the reefs is a sandy trough with sporadic boulders
oriented in a roughly NE to SW direction, providing a highly dynamic region that could
funnel wave energy into the deployment site.

2.2. Survey Methods

The primary activities were to deploy the field logging equipment, undertake sedi-
ment coring dives, video transects (diver and towed), and sub-bottom acoustic profiling.
After the initial video survey, the instrument array frame was deployed and secured
(weights) to the seabed between Monday (3 April 2017) and Wednesday (5 April 2017)
near the southern reef (143°52'55.20” E 39°59'27.60” S) to capture hydrodynamic condi-
tions at the proposed deployment location. The array consisted of a pair of HR 2 MHz
Nortek Aquadopp ADCPs (upward- and downward-looking)(Acoustic Doppler Current
Profiler), and 1 RBR Concerto CTD (Conductivity, Temperature, Depth) in fast sampling
mode equipped with a Cyclops 7 turbidity sensor.

Core sampling was carried out with a Dormer Piston Sampler (Dormer Soil Samplers,
Murwillumbah South, NSW, Australia) specifically designed to sample saturated sands.
The 1.2 m core length allowed for a maximum retrieved length of 1 m and a 50 mm diam-
eter undisturbed sample. During coring dives, a star picket was placed at a predetermined
location within the survey area. The coring locations were determined from the georefer-
enced centre point and subsequent cores at distances of 7.5 m and 15 m at major cardinal
points: north, east, south, and west. All cores where the piston sampler did not penetrate
more than 0.3 m were disposed of on the seabed. Some loss of sediment was possible
during the retrieval of the sampler out of the seabed and compaction can occur when ex-
truded into the larger plastic tube. Where the piston sampler was able to penetrate 1 m
into the sediment, the sediment depth was determined to be greater than what could be
determined via coring alone. The depth the core sampler was able to penetrate, or refusal
depth, was recorded and used against extruded cores to determine compaction and also
in the acoustic interpolation as additional data points for sediment depth (Figure 2).

Core sample
refusal depth
(mm)

©100
®250
® 400
550
700
® 850
® 1000

Distance m) 5

0 20 40 60,0

Figure 2. Location of the cores taken inside and outside of the primary survey area. Original sur-
vey polygon is depicted in the centre faded region. Coloured points depict sediment core locations
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measured at the cardinal point from a central georeferenced star picket at three locations. Colours
represent penetration depth (in mm) before refusal when hitting a harder substrate.

Geotechnical analysis was carried out on three cores to determine the following: (i)
soil classification; (ii) density and void ratio, internal angle of friction and cohesion; (iii)
nominal bearing capacity. Based on these samples, the strength parameters of the sand for
density, stress, and water content conditions in situ were quantified. Additionally, two
methods of particle size were used. The sieving test was implemented to characterise the
soil and sediment characteristics of the three cores used in the geotechnical analysis, and
a Malvern Mastersizer 2000 was used on additional cores for particle size at 0.05 m and
0.40-0.50 m core depth (depending on the length of core).

2.3. Acoustics

To further characterise the benthic surfaces, a series of transects were undertaken
using a sub-bottom profiling system (StrataBox 3510 HD, Syqwest Inc., Cranston, RI, USA)
operating at 10 kHz. Differences in acoustic impedance (sediment layering) were exam-
ined to detect surface expression of boulder and reef formations as well as determine the
sand layer thickness. Transects were focused on mapping the potential placement site (as
seen in Figure 1) as well as a single transect along the proposed cable route. Survey lines
were determined based on bathymetry coordinates of the target survey site as well as us-
ing the buoyed droplines at the outer edges of the target area. Transects were then per-
formed along the sand bed channel and between the reefs in a criss-cross pattern before
following the cable route to the Ettrick River. A second RBR concerto CTD was used for
the speed of sound casts prior to and at the conclusion of the acoustic survey.

SyQwest Stratabox software v.2.45 (Syqwest Inc., Cranston, RI, USA) was used to
record the acoustic return and initial interpretation. The Stratabox was set to a Bottom
Gate Limit of 20 m depth in order to limit a ‘signal noise’ return via surface reverberation.
Speed of sound was set later to 1510 m/s as determined by a CTD cast. Further post-pro-
cessing was completed on SonarWiz v. 7.04.02 (Chesapeake Technology, Inc., Los Altos,
California, USA) with Kriging interpolation and visualisation using Golden Surfer v.
22.0.68 (Golden Software, LLC, Golden, Colorado, USA). Tidal data was initially taken
from Seal Bay AusTides prediction. The sub-bottom acoustics was datum aligned to the
previous bathymetry, eventually removing the need for wave and tidal corrections in the
sub-bottom dataset. Interpretation of the results was based on several factors including
in-situ diver experience, base map, backscatter information, and core sampling. This in-
formation along with a very strong single reflector under the seabed surface was used to
outline the sand layer and determine its depth. Core sample information was georefer-
enced and implemented to show the length of the core relative to inferred stratigraphy
from SBP. An initial point kriging interpolation of the rock/reef and the sand layer was
performed, and interpolation depths were compared against the core refusal depths (Fig-
ure 3). The subsequent interpolation described in the following paragraph had the core
sample locations and depths (12 cores that met refusal prior to 1 m depth) added to the
outcomes of the acoustic analysis. Core #9 (most western core) was deemed an outlier due
to the nature of the piston core extraction and acoustic data both agreeing sediment depth
was deeper than core refusal depth.

The first reflector (RF1) was indicated the seabed and the second reflector was out-
lined as a feature class or RF2, nominally the bedrock. In kriging modelling and creating
a prediction map, two tasks are necessary: determining the dependency rules and making
the predictions of the RF2 in between transects and core sample sites. The variogram
model determines the first task while characterising the spatial continuity or roughness of
the data set. The variogram was produced using the least squares fit criterion as discussed
in Cressie [22] to minimise the sum of the squares for error. Gaussian distribution was
able to best match the distribution, as seen at the top of Figure 4A. This is in lieu of Oliver
and Webster [23] cautioning against its use, however, the other likely best fit (spherical)
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polation sediment depths. The furthest sample to the west (greyed out) was removed for refusal
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Figure 4. (A) Semi-variogram model showing the Gaussian best fit line with the very low residual sum of squares (0.0021)
typically used for validation. (B) Cross-validation post kriging showing the linear fit between measured values and esti-
mated values with the best fit at almost 1:1.

A site suitability model was then created; parameters for depth (8-12 m), slope (<15°),
and sediment depth (=1 m sand) were entered in order to find the preferred area according
to the information provided by Wave Swell Energy ltd..

To aid interpretation of the benthic surface from sub-bottom profiling data, georefer-
enced video tows (ASX ActionPro-X 1080P Full HD Camera) were undertaken through
the potential placement area at a low speed (<3 kt). Sections with little information about
the bottom substrate were removed from the analysis.
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3. Results
3.1. Core Samples and Geotechnical Analysis

In total, 25 cores were retrieved, of which three cores did not reach 300 mm (dis-
carded) and three locations were over reef substrate. At the first coring location, the piston
corer only reached a maximum of 500 mm due to boulder fields covered by a shallow
layer of sand. The second coring area further west revealed a sufficient sand coverage
with maximum penetration (>1000 mm) in 7 out of 13 cores (except core 9 with 800 mm).
The third coring location (placed in-between the two previous sites) had an additional
four cores at a 15 m distance from the picket in-between the major cardinal points. Two
cores had a penetration depth of 800 mm while all others showed sufficient sediment
cover of >1000 mm.

Figure 5A shows the particle size distribution averaged from ten cores samples. The
sediment consists of 90% sand and 10% gravel with no fraction in the silt or clay class. The
characteristic particle diameters at d10, d50, and d90 of surface sediments by percentage
are 0.26 mm, 0.48 mm, and 0.75 mm, respectively. Based on these diameters, the coefficient
of uniformity is Cu = 3.3 (<0.6) and the coefficient of curvature is Cc = 1.1, therefore, the
sample material can be classified as poorly graded S and SP according to the Unified Soil
Classification System [24]. The specific gravity of the sand was tested to be G = 2.657
kg/m3. The particle size distribution was also run on the 0.40-0.50 m depth mark; the d10,
d50, and d90 by percentage are 0.25 mm, 5.0 mm, and 0.81 mm, respectively. Albeit slight,
there is a difference with the sediments at depth trending to smaller particle size. The
standard deviation from the surface d90 (149) and 0.50 m depth d90 (45) also show high
variability in the particle size distribution at the surface of the seabed over a more uniform
distribution only half a meter below. Core #4 was singled out for its dark organic matter
at the base (40 cm). As noted in Figure 5B, and without treating for organics, the particle
size skewed heavily towards the finer grains.

Fully drained triaxial tests were conducted with three sand samples. The correspond-
ing Mohr circles tests define a yield surface without cohesion, and the friction angle was
determined to be ¢’ = 41.8°. Test 3 has verified the result of Test 1. Based on the friction
angle of @” = 41.8°, a first simplified estimate was used to assess the bearing capacity of
offshore footings [25,26]. Under the following simplified assumptions: (i) no eccentricity
of the load, (ii) horizontal load is neglected, (iii) cohesion does not exist, and (iv) structure
is sitting on the surface (shallow footing), the bearing capacity was calculated as

qf =Pv/BL="% vy NY Bsy 1)

with sy = 1 - 0.4 B’/L (without eccentricity B’ = B) and with B = L, we receive sy = 0.6.
According to Hansen and Inan [26], Ny’ = 100 for ¢’ = 41.8°. With these parameters, the
bearing capacity qf was calculated for a shallow footing with a width of approximately 20
m and an effective unit weight of the sediment of v" = 10 kN/m? to be approximately gf =
6 MPa. If the width is reduced to 10 m due to eccentricity or loss of material under the
footing, gf is reduced to gf =3 MPa. Cyclic and dynamic loading due to wave impact or
water currents were not considered. Further tests with more detailed information on the
in situ conditions with regard to horizontal and cyclic load and building parameters are
required for a more precise estimate of bearing capacity.
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Figure 5. (A) Particle size distribution of the seabed sand and 40-50 cm depth, averaged from 10 core samples. (B) Core #4
showing the fine particles at the base, likely organics preserved from lower sea levels.

3.2. Sub-Bottom Acoustics and Camera Transects/Tows

The primary acoustic survey area was successful in determining the sediment depth;
whilst the survey route to Ettrick River revealed discernible depths on the N-S leg, the
W-E leg towards Ettrick River continually found sediment depths beyond the resolution
or penetration depth at 10 kHz into non-cohesive sandy sediment.

The interpolated grid of the rock/reef underneath the sand layer was then used to
determine sediment depth in the target area and preference for the location of the WEC.
Multiple profiles/slices of the stratigraphy were visualised (Figure 6) to aid interpretation
in 2D. As detected in the core samples, the eastern side of the target area had a shallow
sand layer (Figure 6B). Further up the slope had a large accumulation of sediment (Figure
6A) but too shallow water depth (<8 m). When analysing the western side of the target
area, consistent sediment depths of >1 m can be found (Figure 6: Profiles C and D) in
deeper waters.

A site suitability model was created using the interpolated reflector data. Using re-
quirements for the WEC, three main parameters (water depth, sediment thickness, slope)
were input into the model and subtracted from each other. Depth was prioritised to 8 to
12 m, optimal slope under 15°, and sediment depth greater than 1 m. A representative
WEC (20 m x 20 m) polygon was placed over the desired location within a depth range of
-10.18 m and —10.94 m on the western survey side. The median depth was —10.53 m and
the maximum slope in the polygon area was found to be 14.4°.

The cable route from the WEC to the shore was investigated and revealed a variety
of substrates (Figure 7A). The area immediately south away from the target survey zone
(Figure 7B) exhibits a shallow sandy substrate with an average thickness of 0.8 m sand
over bedrock. This changed into an elevated rocky outcrop before reducing in depth and
becoming partially covered with sand (Figure 7C). The final approach to the Ettrick River
mouth consists of a thick sandy substrate through a narrow canyon, which the sub-bottom
acoustics could not penetrate deep enough to determine the depth of the layer. This leads
to a small protected embayment with calm surface waters suitable for the cables’
terrestrial transition.
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Figure 6. Acoustic slices/profiles of the survey region. The bedrock underneath the sandy substrate being a kriging inter-
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Figure 7. Cable route to the grid using acoustics and towed camera. (A) Bathymetry of the area showing the GPS track of
the vessel. (B) Section of sub-bottom in the first region with a shallow layer of sand. (C) Image of the rocky outcrop in the
second region of the track.

3.3. Hydrodynamics

Generally, the survey period can be split up into two periods: (i) less favourable
weather and wave conditions (3 April 2017), and (ii) reasonably fair conditions to conduct
the sub-bottom profiling, video surveys, and sediment coring (4-5 April 2017). The wind
on the survey days was relatively mild (<10 knots) but the swell from previous days was
still prominent from 3 April 2017 to 4 April 2017 morning with wave heights (Hmax) ex-
ceeding 2 m. The wave heights are correlated to the wind conditions and showed a con-
tinuous decline between Monday morning and Tuesday afternoon. Maximum wave
heights exceeded Hmax > 2 m on Monday, but the swell decreased to Hmax < 1.25 m. Tidal
currents were relatively weak with maximum velocities of 0.2 m/s throughout the water
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column (not shown). The tidal range during the survey was in the micro-tidal range with
maximum water level differences of 0.75 m between low tide and consecutive high tide.

Figure 8 provides a description of the hydrodynamics observed during the more en-
ergetic conditions at the beginning of the survey period. Velocities near the seafloor reveal
periodic velocity fluctuations which correlate well with passing waves. Small waves led
to small increases in horizontal velocities whilst large wave groups generated velocities
at the order of uvotom > 1 m/s. Turbidity levels were measured approximately 0.15 m and
above the seafloor. Particularly, large waves in passing wave trains show good agreement
with elevated turbidity levels (>100 NTU) which are much larger compared to ambient
turbidity levels at the order of ~10 NTU. During the passage of small waves, velocities
hardly exceeded 0.15 m/s (not shown) with a typical logarithmic profile near the bottom.
In contrast, larger waves during the observation significantly accelerate the water in the
bottom meter ranging from 0.7 m/s to > 1 m/s within the bottom meter above the seafloor
(Figure 9a). It is evident from Figure 9b,c that periods of increased velocities can be di-
rectly linked to sediment resuspension near the seafloor.
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Figure 8. Vertical profile of horizontal velocities during large wave trains in the 15 min interval.
Error bands depict the standard deviation.
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Figure 9. Hydrodynamic conditions during a 15 min interval, representative of the energetic sea state on Monday, 3 April
2017. (A) Water level fluctuations from mean sea level. (B) Horizontal velocity magnitudes in the water column at different
heights above the bottom (hab). (C) NTU levels measured 0.15 m above the seafloor.

4. Discussion

The region surrounding the Ettrick River is part of the Surprise Bay formation on
Western King Island, a quartz-rich metasediment initially formed from turbidites with
graded bedding [18]. A steep-walled submarine channel was incised by the Ettrick River
through the metasediment bedrock during lower sea levels and now forms a prominent
submarine feature; with a significant base of slope fan having an accumulation of sand
around —14 m water depth. Moreover, 500 m to the north, is a less prominent submarine
channel feature that has been the focus of this study for the purposes of the installation of
a WEC. The potential deployment site has a gradual slope of 3°, a width that varies from
35 m to 50 m and fits the developer’s target water depth of 10 m with an average sediment
depth of 1.14 m (Figure 10).
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Figure 10. The target area for the WEC with site suitability model of depth (8-12 m), slope (>15°),
and sediment depth (=1 m).

The identification of the most sufficient deployment area is a culmination of con-
densed field deployments and rigorous data analysis. The site suitability model was cre-
ated using only three spatial parameters (water depth, sediment depth, and slope), how-
ever, more parameters can be included to ensure even further compliance with site-spe-
cific characteristics and terrain analysis. For this site assessment, directionality or aspect
for wave climate was not considered, as the analysis of the bathymetry prior to deploy-
ment and a long-standing wave record led to the conclusion that the survey area was al-
ready supporting an ideal wave direction for the WEC. In addition, specific criteria were
all given equal weighting. All three parameters reduced the deployment site area equally,
yet different WEC form factors may have decidedly less reliance on the slope and put
priority on other factors or whereby a sliding scale would be more appropriate. Further
attributes could rely on distance to the grid, a rocky reef buffer distance, or even specific
geotechnical properties such as optimal bearing capacity if the gravity structure design
relies on heavyweight caisson structures.

The addition of geotechnical properties to site-suitability models would combine the
acoustic and geotechnical analysis into one database. However, bearing capacity over
large areas would be technically difficult and time-intensive in both the field (extra core
samples) and the lab (triaxial shear test). This could be resolved with the primary site
assessment method encouraged by Stark, Hay, and Trowse [6], whereby a portable free-
fall penetrometer could be deployed to “allow rapid geotechnical probing of the sediment
type, soil mechanical characteristics, and uppermost stratification”. However, this method
does not replace the usefulness of core samples, or laboratory sediment investigations as
only the top layer (<20 cm) is able to be penetrated in sandy environments. Yet, this was
successfully used in further King Island assessments to determine the homogeneity of
non-cohesive sediments within the survey region [27]. The aggregation of data in this
method (site-suitability model) is able to go beyond the scope of most standards [7], par-
ticularly with the inclusion of ground-truthed core samples within the bedrock interpola-
tion. Hence, the site suitability model is malleable to each site selection quantitative crite-
ria and is a robust overachieving method compared to present-day standards and a key
deliverable in initial site selection surveys.
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Outside of quantitative analysis, the site exhibited large quantities of seaweed that
could foul instrumentation and even impede the operation of the WEC. Shallow sand lay-
ers in the eastern region were observed with boulders protruding in increasing frequency,
and evidence of scour was observed during video transects with exposed rocks devoid of
marine growth up to 0.4 m above the seabed. Sand ripples with crests being over 1 m apart
suggest strong wave action and water velocities on the seabed. None of these observations
would be possible with the reduced view from drop cameras that have limited success in
areas of low visibility that typically pertain to shallow high-energy marine environments.
This is not to limit the inclusion of drop cameras, which at certain depths are preferable.
Such as Barrie and Conway [8] being able to determine that the local wave regime was
able to mobilize large gravels from the video of crustacean scars on large boulders at 44
m water depth. Even with the addition of robust qualitative observations, these observa-
tions are largely static and long-term hydrodynamic forces need further investigation.

While the region along the west coast of King Island is known for its heavy wind and
wave events, quantitative wave data monitoring is lacking. Wave rider buoys to the north
(200 km) are in the shallow water entrance to Melbourne’s Port Philip Bay, and further
south (260 km) along mainland Tasmania west coast is the Cape Sorell wave rider in 100
m of water. Whilst needing direct measurement in the Bass Strait, wave climate models
have shown the King Island region to have some of Australia’s highest wave energy flux
[19] but also its highest variability [5]. The short two-day hydrodynamic deployment in
favourable weather conditions provided only a snapshot of the hydrodynamic forcing due
to waves on the seabed at 10 m water depth. However, a long-term deployment is re-
quired to monitor the wave regime and local seabed conditions for energy production
feasibility and stability of the WEC as done on the east side of King Island [28].

The stability of the WEC is almost exclusively determined by the scour [29], and as
noted previously was highly active in the area. The sediment transport in the area is likely
onshore—offshore with little tidal flow and rocky reefs surrounding the region. Recent
studies such as Lancaster et al. [30] and Qiqi et al. [31] demonstrated that significant scour-
ing on a square caisson can occur at all four corners. Scour could hamper the integrity if
sediments were removed from underneath the structure at specific points causing a sea-
ward tilt and settlement, especially in such an energetic shallow water environment with
poorly compacted sand and velocities near the bottom exceeding values of 1 m/s. Thus,
high-resolution scour modelling under the local wave climate is recommended. Novel
ways of investigating the effects of scouring will be imperative for the structural integrity
during a long-term deployment in a high-energy wave environment.

The installation of such a WEC device in a limited suitable site would be logistically
difficult. The area between the rocky outcrops is roughly 60 m across, with the site suita-
bility model reducing the viable location to just 30 m. For a gravity anchored cement struc-
ture with a width of 20 m, this leaves little room for error. Certain deployment methods
could be utilised; however, this still requires a weather window with calm conditions
which are rare in the region of the roaring forties in the Southern Ocean. In addition, the
lack of standards or guidelines for such developments are vague at best [7,32], yet it is just
such challenges [10] that need to be overcome for the proliferation of nearshore WECs to
harness the considerable wave energy fluxes along the Southern Australian margin [4,19].

5. Conclusions

This study provides insight into scalable geophysical site surveys leading to high-
resolution datasets. In this instance, the data was used to make a ground-truthed 3D ren-
dered interpolation of the deployment site and a site suitability model that when coupled
with bearing capacity from laboratory geotechnical analysis an assessment of critical in-
formation could be made. Such that, the location of a footprint suitable to the WEC with
an ideal depth profile and sufficient sediment to support the structure was found towards
the northern side of the survey area. Further investigation would be required to under-
stand the local wave regime, cyclic loading, scour, and establish deployment strategies.
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Practical, economical, and thorough initial site assessments can ensure projects ob-
tain the data required for progression into design and deployment. Single beam acoustics
(sub-bottom) need to be designed with sufficient data density and ground-truthing, ide-
ally with core penetration able to transit strata. Geotechnical site selection parameters can
be combined with suitability models to determine preferred deployment sites. Our survey
was able to combine multiple data sources (acoustic, geotechnical, hydrological) in our
site assessment.
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