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Executive summary

A Funding Grant was awarded from the European Union’s Horizon 2020 research and innovation programme to
develop and validate an innovative tidal turbine control system, using the tidal turbine itself as a sensor, to deliver a
step change improvement in the performance. This will demonstrate Effective Lifetime Extension in the Marine
Environment for Tidal Energy (ELEMENT), driving the EU tidal energy sector to commercial reality. This report focuses
on the characterization of the hydrokinetic resource and turbulence at the future tidal turbine testing sites, in Etel
River as well as Bluemull Sound. This report summarizes the analysis of existing hydrokinetic data from both sites.
In addition, the monitoring options that can enhance the design work under the ACAS (Automated Collision Avoidance
System) are discussed.

At Etel Site, a 12.5 day-period, containing a full spring tide tidal cycle, was analyzed. Results on cumulative occurrence
of the velocity magnitude suggest that a tidal turbine with a cut-in-speed of 0.5 m/s might generate electricity, 80%
of the time. Moreover, the flow at Etel site is ebb-dominated. A substantial asymmetry in velocity magnitude recorded
during flood and ebb tide was found. This asymmetry generates considerable gap in kinetic power density during both
tidal phases with kinetic power density more than 3 times higher during ebb tide than flood tide. The turbulence
intensity and the integral lengthscale were quantified along the three spatial directions. For both metrics, the
streamwise direction is associated with the highest values. The depth-averaged streamwise turbulence intensity and
the integral lengthscale was found to be 5% and 7.5 m.

At Bluemull site (Shetland), three 5-beam ADCPs were deployed in three locations North of the three operational
M2100 turbines at depths of approximately 30-35m. Cumulated occurrences of flow velocity magnitude indicate that
0.5 m/s and 1 m/s are exceeded 90% and 70% of the time respectively. The flow magnitude between flood and ebb
tide was found to be globally symmetric. For flow velocity higher than 1 m/s, the turbulence intensity was found to
be ranging from 12 to 20%.

The monitoring options that can enhance the design work under the Automated Collision Avoidance System (ACAS)
have been the subject of discussions between FEM and Nova. The aim of discussions was to review the benefits of
different methods of monitoring near-field interactions between marine life (more particularly mammals, birds and
fish) and turbines. Exchanges between FEM and Nova have strengthened the general idea of developing a monitoring
strategy combining sonar and digital cameras in order to gain in situ data that will enhance predictions of encounter
and collision risk.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.




= Element

Acknowledgment

The ELEMENT project would like to thank GUINARD ENERGIES and IFREMER for their support. The data analysis

performed at Etel test site relies on data acquired within the MEGAWATTBLUE project performed by GUINARD
ENERGIES and IFREMER.

The ELEMENT project would like to thank the members of the EnFAIT project. The ELEMENT project benefits from the
existing data and infrastructure developed during the EnFAIT project, and this report relies on data and analysis of
the Bluemull Site carried out within the EnFAIT project.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.




== Element
Abbrevations and acronyms

ACAS: Automated Collision Avoidance System
ADCP: Acoustic Doppler Current Profiler

ADV: Acoustic Doppler Velocimeter

CRM: Collision Risk Model

ESA: Environmental and Social Acceptance
EnFAIT: Enabling Future Arrays in Tidal

MRE: Marine Renewable Energy

STA: Shetland Tidal Array
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Context and objectives

The innovative control system developed through the ELEMENT project will be evaluated at two different tests sites,
Bluemull Sound and Etel, both located in western Europe. The Bluemull Sound is located in Shetland, in northern
Scotland, between the islands of Unst and Yell. The Etel test site is located in southern Brittany, Western France.
Figure 1 shows the location of the Bluemull and the Etel test sites.

Both test sites show very different characteristics both regarding physical and ecological environment. The ELEMENT
project will provide data analysis and models for these sites representative of two different market places and
evaluate the behaviour of the new developed control system in these different environmental conditions.

The ELEMENT project has been running for one year and is now coming to the end of the design phase. The test
system will be installed at Etel site in 2021. This document provides information to ELEMENT partners for finalizing
the test system, platform and operations for the Etel test phase.

The ELEMENT system will also be tested using Nova Innovation turbines at the existing Shetland Tidal Array (STA). To
date, three measurement campaigns have been performed at the Bluemull Sound site. The data were collected as
part of the EnFait (Enabling Future Arrays in Tidal) European project. 5-beam ADCPs (Acoustic Doppler Current
Profilers) were deployed in upward and horizontal looking configuration. During the last measurement campaigns,
ADVs (Acoustic Doppler Velocimeters) were installed. A summary of these measurements is presented in this report
to support design and implementation of the ELEMENT system at Bluemull.

Fig. 1 - Location of the two study sites where Nova innovation tidal turbines are currently deployed (Bluemull) and are
expected to be deployed (Etel).

The design of the system includes sensors that should further be used for environmental monitoring, to gather
information on the occurrence, nature and consequences of any near-field interactions between marine wildlife and
turbines, to improve understanding for collision risk. In order to provide the appropriate inputs to the environmental
impact modelling activity collaboration between NOVA and FEM is needed in the predesign work to select the
monitoring sensors to be integrated. A summary of this pre-design study is presented in the report.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Selection of test location at Etel river

One purpose of WP4 is to identify the optimum test location at Etel river, considering the velocity fields and consenting
issues. This task has been performed already in the framework of the MegaWattBlue project, led by Guinard Energies.
This task was completed by Ifremer. Considering that both theoretical yield and consenting issues are relatively
device agnostic, it was decided that using the findings of this existing analysis presented best value to the project.

An evaluation framework was developed to identify locations with a potential for energy harvesting. In order to select
the optimum location of the Guinard Energies’ tidal turbine P154, two conditions were considered to select the
optimum test location:

e Hydraulic energy yield, i.e., the theoretical energy yield available in the tidal current;

e Administrative, legal and practical aspects, including nautical constraints.

Hydraulic energy yield was evaluated through the use of a 2D hydrodynamic model. The outputs of this model are
confidential and cannot be presented in this report. Following both conditions, an area corresponding to a rectangle
of 100 m x 20 m was selected to undertake tidal turbine testing (Fig. 2).

Commune de Belz
AOT Guinard-Energies
Annexe a l'arrété du  ~ 4 AVR. 2013

Le préfet du Morbihan
Par délégation,
le chef du service aménagement, mer et littoral

7

Zone hydrolienne
| ® Positon hydrolienne
| == Cable sur DPM

Fig. 2 - Aerial photograph of the Etel river with the location of the area consented to undertake tidal turbine testing
(green rectangle), position of the tidal turbine P154 of Guinard Energies and electrical cable.

In 2012, Guinard Energies started the process of applying for a consent at Etel river. A first authorisation for tidal
turbine testing, including a floating platform in the consented area was delivered on the 5t June 2015 for a duration

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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of three years, and a prolongation was authorized on 1st November 2018 for a duration of three further years. The
authorization covers the installation, the realisation of technical tests and dismantling of a system constituted by a
tidal turbine, its cable and a technical building.

Following consideration of device specific factors (e.g water depth and target flow speeds), the location selected for
testing of Guinard Energies P154 turbine has been assessed as also being suitable for the tidal turbine of Nova
Innovation.

In order to ease the consenting process in the frame of ELEMENT, and as the authorized area is located at the
optimum place in regards to (i), hydraulic energy yields and (ii), administrative, legal and practical aspects, the
partners decided that the preferred course of action was to perform the tests of Nova Innovation tidal turbine in Etel
river within the area consented to Guinard Energies. To that purpose, discussions are ongoing with all key
stakeholders to ensure all required agreements and permits are in place prior to the test phase.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Etel site resource characterisation

Data analysis and methods

Experimental settings

In the frame of the MegaWattBlue project, a Nortek Sentinel 1 000 kHz five-beam ADCP was deployed on the seafloor
(mean and maximum water depth of 15.5 m and 17.5 m respectively) approximately 100 m off the site of Chantier
Bretagne Sud, in the Etel River. The ADCP collected data over a 33-day period, from 7 June to 10 July, 2018. The
ADCP was set to record continuously the velocities in beam and instrument coordinates at the pinging rate of 8 Hz.
Velocities were recorded with 0.5 m vertical resolution (bin size), starting 1.2 m from the seafloor (centre of the first
bin).

A period of approximately 12.5 days, i.e., from 7 to 19 June 2018, with a full spring tide cycle was selected for the
analysis. This period exhibited the highest tidal current velocity magnitudes. The selected period was divided into
1794 subsets of 10-min each. The 10-minutes duration is of sufficient length to provide a good sample of the largest
turbulent eddies, but not so long that the turbulent processes cannot be regarded as quasi stationary.

The present study focuses on turbulence characterization along the streamwise, spanwise and vertical direction of
the current associated respectively with the vectors é,, éy and &, (Fig. 3). Horizontal velocity components recorded
by the ADCP in instrument coordinates were projected on along- and cross-stream axes of the river. The projection
angle (34° clockwise) matches the orientation of the tidal current ellipse throughout the water column.

The average standard deviation of the pitch and roll of the ADCP were found to be lower than 0.5°, and that of the
heading lower than 2°. These low values indicate that the frame remained stable throughout the deployment.

The following metrics were quantified: (i) - the velocity, (ii) - the turbulence intensity, (iii) - the integral lengthscale, and
(iv) - five components (out of six) of the Reynolds stresses. The methodology used to characterize these metrics is
described in the first deliverable (D4.1) of the work package 4 of the ELEMENT project. All metrics are evaluated in
three-dimension (3D), i.e., along the streamwise, spanwise and vertical velocity. There is broad agreement that these
turbulence metrics contribute significantly to turbulence-induced hydrodynamics loads on tidal turbines. The aim of
this study is to characterize the tidal dynamics at Etel site and provide modelers and tidal turbine designers with
mean profiles of the turbulence metrics throughout the water column allowing them to build a dedicated methodology
for fatigue life prediction of moving component.

Mean velocity

’ profile

Ll

Fig. 3 - Schematic of turbulent inflow to a tidal-stream energy converter. The mean-flow profile is represented in blue,
and turbulent eddies of different characteristic sizes (d), lengths (l), and orientations are indicated in red.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Results

Tidal dynamics and energy resource characterization

Fig. 4 shows time series of the Sea Surface Height (SSH) and the depth-averaged streamwise velocity. SSH evolves
from 14 m to 17.5 m with a mean of 15.5 m. Tidal variations of SSH and currents are predominantly semi-diurnal
and globally symmetric. Peak flood and ebb tidal velocities occur at high and low water respectively with slack water
at mid-tide. The tidal current dynamics is thus referred to as progressive wave system.

Velocity histograms provide a simple way to evaluate the available resource at any point of a site. They indicate what
percentage of time could be used for power generation. Fig. 5 shows the cumulated occurrence of the depth-averaged
velocity magnitude. The cut-in-speed of a typical tidal turbine ranges between the velocity value of 0.5 m/s and 1
m/s. The histograms of velocity magnitude show that both velocity values of 0.5 m/s and 1 m/s are exceeded
respectively 80% and 40% of time at Etel site.

Fig. 6a exhibits a clear imbalance of the velocity magnitude. The current asymmetry, i.e., the ratio of the mean velocity
during flood tide to the mean velocity during ebb tide was found to be 0.7 on average revealing that the tidal flow is
ebb dominated. Since the kinetic power density P as well as the output power generated by a tidal turbine is related
to the velocity cube, a high current asymmetry can generate significant difference in power production between the
flood and ebb phase of the tide. Considerable difference in kinetic power density between both flood and ebb tide is
exhibited in Fig. 6b. During flood and ebb tide, the depth-averaged value of P reaches 1.2 kW/m?2 and 4.2 kW/m?2
respectively. The mean kinetic power density during flood tide was found to be 0.4 kW/m?2 whereas that estimated
during ebb tide is more than 3 times higher, i.e., 1.25 kW/m?2. This result reveals that, during ebb tide, the mean
value of P is higher than the maximum value reaches during flood tide.
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Fig. 4 - Time series of the sea surface height (SSH) and the depth-averaged streamwise velocity (u).
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Fig. 5 - Cumulative occurrence of the depth-averaged velocity magnitude.

Mean vertical profiles of the absolute value of the streamwise (u), spanwise (v) and vertical (w) velocity were
computed (Fig. 7a). The profiles were averaged over the 12.5 day-period. The profiles associated with the streamwise

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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velocity show an uncommon behavior: the velocity increases with increasing height above bottom until a height of 6
meter above bottom (m.a.b), remains constant between 6 and 8 m.a.b and decreases above. This decreasing is not
common. A sudden variation of bathymetry in the vicinity of the ADCP location with a sharp negative slop might explain
such behavior. The spanwise and vertical velocity remains nearly-constant throughout the water column with value
slightly evolving from 0.15 m/s and 0.05 m/s respectively. The depth-averaged value of the streamwise velocity
(absolute value) was found to be 0.85 m/s with peak velocity of 1.9 m/s during ebb tide and 1.3 m/s during flood
tide.

2 T T T T T T T T
— Flood tide \ W q
— — Ebb tide
o |
§15
i
s 15
D
]
05
L L L
08 09 10 11 12 13 14 15
4 —— Flood tide
33,_Ebbﬁde
=
=
C 20
[
3
o 1- w
0 1 |

08 09 10 M1 12 13 14 15
Day/month of June, 2018

Fig. 6 - Time series of the depth-averaged velocity magnitude (a) and kinetic power density P (b). Red and blue colors
are used to identify flood and ebb tide respectively.
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Fig. 7 - Mean vertical profiles of the velocity (a) and the turbulence intensity (b) estimated along the streamwise
(red), spanwise (blue) and vertical (green) direction. The profiles were averaged over the 12.5 day-period.
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Turbulence intensity

The turbulence intensities were corrected from Doppler noise resulting in a considerable reduction of the streamwise
(Ix), spanwise (ly), and vertical (lz) turbulence intensity by 40%, 35% and 30% respectively. The Doppler noise was
found to be increasing with increasing flow speed and to be independent of the height above bottom (results not
shown). Such high contamination is the result of the low bin size (0.5 m here). It is well known that low bin size
generates a high Doppler noise whereas high bin size is associated with low Doppler noise (Guerra and Thomson,
2017; Thiébaut et al., 2019). Setting the bin size at a higher value (ex, 1 m) would have considerably reduced the
Doppler noise. However, this would have induced a loss in vertical resolution of velocity measurements and, thus, a
loss in the variety of turbulence structure sizes that can be captured by the ADCP. There is trade-off to make.

To date, several studies focusing on the characterization of the turbulence intensity have been performed within tidal
channels. Most of the studies focused on the streamwise turbulence intensity, (I,.), which is generally considered as
the turbulence metric most relevant to the unsteady loading on TECs. Fig. 8b shows time series of the depth-averaged
streamwise turbulence intensity. (I,,) was found to be varying in a wide range: from 0.5% to 14.5% with a mean value
of 5%. It can be seen that (I,) is systematically lower during periods when the water level is lower than the mean
water level and is higher when the water level is higher. There seems to be a quadrature between (I,.) and SSH, and
therefore between (I,,) and (u). At mid-tide, (I,) change abruptly from the highest values to the lowest one. Similar
behavior was identified for both (I,,) and (I,) (results not shown).

Fig. 7b shows the variation of the turbulence intensity (I;) throughout the water column. The three components of the
turbulence intensity decrease with increasing height above bottom. The streamwise turbulence intensity is constantly
higher than that associated with the spanwise and vertical direction. On average, the ratios I,/I,,and I,/ I, were found
to be 1.2 and 7.5 respectively.
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Fig. 8 - Time series of the depth-averaged velocity u (a), turbulence intensity I,, (b) and integral lengthscale L, (c)
associated with the streamwise direction.

Integral lengthscale

The integral lengthscales were quantified. The dynamics of the large-scale turbulent eddies (i.e., the integral
lengthscale) was found to be clearly anisotropic with predominantly horizontal motions at scales greater than the
local water depth. These eddies contain the largest proportion of turbulent energy, and are therefore likely to have
the greatest effect on TECs performance. Fig. 8c shows the time series of the depth-averaged integral lengthscale,
(L,), associated with the streamwise direction. (L,) was found to be ranging between 0.5 m and 35 m with a mean

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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of 7.5 m. (L,) is clearly modulated by (u). The integral lengthscale is dependent on the flow speed and increases with
increasing flow speed. Maximum integral lengthscales are associated with both peak flood and ebb velocity with
values of (L,.) slightly higher during flood tide. Throughout the water column, (L,) was found to be constantly higher
than the integral lengthscale associated with spanwise and vertical direction, i.e., (L,) and (L,) respectively with
depth-averaged ratio L,/L,, and L,/L, of 1.3 and 3.6 respectively.

Conclusions and next steps

This report focuses on the characterization of the hydrokinetic resource and turbulence at the future tidal turbine
testing site, in Etel River. The area most relevant for such testing was previously identified in the framework of the
MegaWattBlue project. The dimensions of this area are small enough (100 m x 20 m) to consider that the
hydrodynamics study presented in this report is indicative for the full area. Results are based on 5-beam ADCP
measurements. A period of 12.5 days, containing a full spring tide tidal cycle, was selected for the analysis.

Results on cumulative occurrence of the velocity magnitude suggest that a tidal turbine with a cut-in-speed of 0.5
m/s might generate electricity, 80% of the time. Moreover, a substantial asymmetry in velocity magnitude recorded
during flood and ebb tide was found. The flow at Etel site is ebb-dominated. This asymmetry generates considerable
gap in kinetic power density during both tidal phases with kinetic power density more than 3 times higher during ebb
tide than flood tide.

A turbulence analysis was carried out. The values of the turbulence intensity were considerably affected by Doppler
noise. The former was quantified in order to properly quantified the turbulence intensity. However, other
measurements are required to confirm our results. Such high Doppler noise was induced by the small bin size which
was set to 0.5 m. In order to reduce the Doppler noise. it is recommended to increase the bin size. Setting the bin
size to 1 m seems to be a good trade-off between the reduction of Doppler noise and the size of the turbulent
structures that can be capture by an ADCP. This setting will be applied for the upcoming ADCP deployments.

Mean profiles of the turbulence intensity were evaluated. The streamwise turbulence intensity (I,.) is the primary
loads driver for horizontal axis-TECs (Milne et al., 2010). (I,.) was found to be systematically higher than the spanwise
(I,) and vertical (I,) turbulence intensity.

The size of the most energetic turbulent eddies was quantified along the three spatial directions. However, the depth
averaged value of the integral lengthscale associated with the streamwise direction was found to be 7.5 m. This value
is higher than the diameter of the Nova Innovation tidal turbine that will be used during testing. Recently, a study
focusing on the assessment of the performance of a Darrieus type turbine operating in real sea conditions
demonstrated that the strongest impact of turbulence on power generation by the TEC occurred when the length of
the most energetic eddies matches the turbine size (Sentchev et al., 2019). The authors show that these eddies exert
periodic loads on the blades, strongly affect torque and cause power pulsations.

However, although the integral lengthscale is a dominant driver of the fatigue loads exerted on TECs blades, it is not
the primary load driver for horizontal-axis TECs. A parametric assessment of the sensitivity of the fatigue loads of TEC
blades indicated that the integral lengthscales have a much smaller role than the turbulence intensity (Milne et al.,
2010).

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Bluemull Sound characterization

Data analysis and methods

All data and models used in the characterization of Bluemull Sound are credited to EU Horizon 2020 project EnFAIT.

The Nova Innovation EnFAIT tidal turbine array is in Bluemull Sound, located in Shetland, Scotland between the
islands of Yell and Unst. The tidal array is located just off the Cullivoe headland (Fig. 9). The characterization of the
tidal resource present at the site in Bluemull Sound involved the deployment of 3 seabed mounted Nortek Signature
500 ADCPs. The 5 beam ADCPs were deployed in 3 locations north of the three operational M100 turbines at depths
of approximately 30-35m, as shown in Fig. 10.
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Fig 9. Bluemull Sound
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Figure 10. Bluemull Sound site with Turbine (T1, T2 and T3) and ADCP (ADCP1,2, and 3) locations shown.

Considering a blanking distance of 0.5m and mounting point height of ~0.5m, the recorded profiles ranged from ~1m
above the seabed to the water surface. The configurations of the ADCP deployments are shown in Table 1. The
durations of the deployments of nearly two months captured three full spring to neap tidal cycles for each instrument,
with the third also recording surface wave conditions.

Hydrodynamic models were built using Mike 21 software to provide estimated wave and tidal flow conditions across
the Bluemull site over a period of 20 years, from 1998 to 2017. Regional bathymetry data from EMODnet,
supplemented with high resolution data gathered from a site survey were used to represent the local bathymetry.
The Global Self-consistent, Hierarchical, High-resolution Geography (GSHHG) database was utilized to discretize the
regional coastline and regional gridded modelled atmospheric data at hourly intervals drove the atmospheric inputs

Table 1 ADCP deployment details

Item Configuration Wave Recording
ADCP 1 10 min ave current, concurrent with 850 current samples at 1Hz, starting every 30 mins No
ADCP 2 Same as ADCP 1 No
ADCP 3 10 min ave current, concurrent with bursts of 800 current and wave tracking samples at Yes
1Hz, starting every 30 mins

Results

Fig. 11 shows time series of the Sea Surface Height (SSH) and the depth-averaged streamwise velocity. SSH evolves
from 31.6m to 34.1 m with a mean of 32.9 m. Tidal variations of SSH and currents are predominantly semi-diurnal
and globally symmetric. Peak flood and ebb tidal velocities lag high and low water, respectively, with slack water
within 2 hours of the peak flood and ebb tidal velocities occurring.

Histograms of velocity magnitude show that velocity values of 0.5 m/s are exceeded around 90% of time at Bluemull
Sound.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Fig 11. Time series of the sea surface height (SSH) and the depth-averaged streamwise velocity (u) at Bluemull
Sound.
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Fig 12. Time series of the depth-averaged velocity magnitude at Bluemull Sound. Red and blue colours are used to
identify flood and ebb tide respectively.

While there are differences in the flow from flood to ebb, there is generally good symmetry on flow speed with tidal

direction (Fig. 13).

Shown in, Fig. 14, are the recorded site flow velocity shear profiles. For comparison, a power law profile has been
included. The ebb profile shows continued flow speed increase towards the surface. This is in line with a typical power
law governed profile. The flood profile, however, reaches peak flow speed around the middle of the water column
and this is maintained up to the surface. This asymmetry in current speed profile is due to the difference in route to
site the flow takes in ebb and flood.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement number 745862.
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Fig 13. Site flow shear profiles for ebb, flood at Bluemull Sound, and a 7th power law shown for comparison.

In flood the flow is coming out of shallow water to the south and has longer to flow in the channel. These factors
mean bottom friction is acting on the flow for longer allowing for the shear profile to develop. In ebb the flow is coming
out of deep water to the north, as a result, the shear profile does not have time to fully form.

Turbulence has been characterised by turbulence intensity. Velocity fluctuations have also been taken over 10
minutes intervals. Signal noise is removed to improve the estimate of turbulence intensity.
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Fig 14. Mean vertical profiles of the turbulence intensity estimated along the streamwise direction.

Turbulence intensity has been found through the water column, for ebb and flood flow, at a range of hub height flow
speeds (Fig. 15). Note that there is an increase in turbulence intensity with decreasing flow speed. As turbulence
intensity is calculated with velocity as the denominator, a similar level of velocity fluctuation will have a larger
turbulence intensity at a lower flow speed. From the analysis performed, in operational flow speeds (generally
considered to be > 1m/s) turbulence intensity varies from around 12 to 20%.
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Environmental impact monitoring: pre-design work

The design work under the ACAS (Automated Collision Avoidance System) is being conducted by Nova. Within this
framework, Nova is undertaking a feasibility assessment of technology options (three main options, see table 1) to
monitor near-field interactions between marine life and an operational tidal turbine. FEM has shared its knowledge
of marine mammals, birds and fish monitoring experience to inform the selection of sensors and to develop a
monitoring strategy for gathering information on interactions between these species groups and operational turbines.

Table 2. Pros and cons of automatic/semi-automatic sensors for monitoring marine mammals, seabirds and fish
around a tidal turbine.

Pros

Cons

Digital cameras

Relatively simple approach
Enables species identification
Can be attached to turbines,
reducing complexity of
deployment, maintenance and
powering.

Regular maintenance needed
(camaras lens been quickly
fouled by epibenthic marine
organisms)

No data acquisition during
hours of darkness, or during
conditions of high turbidity
Video processing and analyses
are time consuming

Storage requirements of data
are considerable

Active sonar devices °

Enables data acquisition during
conditions of darkness or high
turbidity

Real-time processing

Enables data acquisition for
non-vocalizing species

No calibration for species
identification (user needs to
conduct the calibration)

More expensive than cameras
Poor detection of fish (which
swim more rapidly than birds
and mammals)

Generally need to be fixed to a
structure at a location away
from the turbine if seabed
mounted, or deployed from a
surface vessel.

Air cavitation around turbine
blades can affect the
resolution and accuracy of
results, particularly for smaller
targets.

(hydrophones)

Passive acoustic devices °

Low-cost method

Enable detection and
identification of vocalizing
species

3D target localization is
possible using arrays of
devices

Enables data acquisition during
conditions of darkness or high
turbidity (for vocalizing species)
Can be attached to turbines
and substructures reducing
complexity of deployment.

Non-exhaustive identification of
species around the device
Complex data processing and
data interpretation.

Storage capacity of devices can
quickly be filled by ambient
noise in high tidal energy sites.

Acoustics data acquisition has also been discussed, and monitoring marine systems using hydrophones have two
main interests: the natural acoustic environment is monitored when the turbine is off, the sound emitted by the
turbine can be measured when the turbine is on, and vocalizing animals can be detected and identified within the
monitored area. The audiograms are available for some species of mammals, seabirds and fish. Species specific
audiograms enable the evaluation of potential acoustic impacts on these animals. A suggestion is to consider one
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species that is sensitive to noise emissions to ensure a conservative approach of the definition of environmental
impacts of the tidal turbine and subsequent measures to reduce this potential impact.

Also, FEM underlined that depending on the deployment site, the species group on which environmental monitoring
is focussed will vary according to regional regulatory regimes and species protection measures. For example, in
Canada fish monitoring is a priority while in Shetland, monitoring requirements focus on marine mammals and birds.
In the case of fish detection, the combination of optical cameras and acoustic devices might be more useful than the
use of sonar systems and cameras.

Following Nova and FEM discussion, the optimal monitoring solution would be to combine digital camaras with sonar

(this combination enables the calibration of the sonar system) and applying a medium term monitoring strategy to

one or two devices that functions normally (Figure 2). More precisely, and considering only one device, there is a

need to:

e setthe sonar far enough from the device to take the most advantage of the sonar coverage angle of 120°;

e set up three digital cameras in order to get images of marine life that moves in 3D around the device;

e enable monitoring during normal turbine operations in order to gather information on the behavior of animals
around operational devices.

Tidal turbine

Fig 15. Schematic view of the monitoring design of one tidal turbine in order to gain data on the marine species
using the area around the turbine (nota: not at scale)

Duration of deployment would ideally account for any inter-annual variability in addition to intra-annual variability.
Multiple years of deployment would also enable sufficient data to be gathered for meaningful analysis and refinement
of encounter modelling parameters, since monitoring at Bluemull Sound and other tidal sites has indicated that
wildlife interactions with turbines are likely to be rare events.

This monitoring strategy would enable data to be gathered to enable a better assessment of the risk of near-field
encounters between birds/mammals/fish and tidal turbines. This in turn will enable the refinement of encounter and
collision risk models using more exhaustive and realistic data, The data gained following this monitoring design would
particularly help at more thoroughly defining proportions of marine fauna that move through the sonar detection
angle and building species-specific behavioral responses to operational turbines (e.g. no response, evasive response,
etc.).

Several key considerations (e.g. sensors orientation) need however to be considered in order to ensure the success
of data acquisition. A recent review of the monitoring technologies and technics for detecting interactions between
marine animals and turbines have been published (Hasselman D. et al., 2020) and provides tracks to enhance
monitoring design around tidal energy devices.
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Perspectives

A new characterization campaign will start in summer 2020 at Etel River test site. The next report will present the
Reynolds stresses which will result from the upcoming five-beam ADCP measurements. The Doppler noise identified
in the present dataset does not allow to properly quantify these turbulence metrics. The site characterization on a
more ecological point of view will also be presented in the next report with the results of the biocolonisation survey
(temporal and small spatial scale variability) and the influence of environmental variables (turbulence and current,
temperature, salinity, nutrients, dissolved oxygen, pH, turbidity), which will be measured simultaneously, will be
analyzed. The next report will also include information on the refinement of the collision risk model designed by NOVA
and the subsequent improvements of the environment impact module of the DTOceanPlus model. The environmental
impacts of the tidal turbine will be calculated before and after DTOceanPlus improvements.
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