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1. INTRODUCTION

1.1 OBJECTIVE

The main objective of this document is to present the measurement campaign availability based on the
statistics for the observation period 28/02/2021 00:00 UTC -27/02/2022 23:50 UTC, as well as basic
statistics and graphs of the main metocean measurements collected by the FLS200 systemduring the

full campaign period.

1.2. EOLOS FLS200 UNIT LOCATION
The unit is installed at the HESSEL@ Project site (seeFigure 1), specifically on locations:

Date Range Latitude Longitude
28/02/2021 - 14/07/2021 56° 27'51.12" N 11°50' 06.24" E
17/07/2021 - 27/02/2022 56° 27' 50.34" N 11°50'14.40" E

The unit has not been adrift during the period and been located within the allowable drift radius of 97
meters as defined by the unit mooring system.

‘Gotemburgo

CAalborg

‘EO1-HSS

fCopenhague

Figure 1. Location of EOLOS FLS200 unit.
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1.3.

REFERENCES TO MONTHLY DATA REPORTS

The monthly data reports delivered to the CLIENT are referenced in the following table.

Month #

© 00N O WN PP

el
N R O

1.4.

Period included

28/02/2021
28/03/2021
28/04/2021
28/05/2021
28/06/2021
28/07/2021
28/08/2021
28/09/2021
28/10/2021 1
28/11/2021
28/12/2021 1
28/01/2021

27/03/2021
27/04/2021
27/05/2021
27/06/2021
27/07/2021
27/08/2021
27/09/2021
27/10/2021
27/11/2021
27/12/2021
27/01/2021
27/02/2021

Document name

EOLHSS21V04-OPSMonthly Data Report - Month 1.pdf
EOLHSS26V03-OPSMonthly Data Report - Month 2.pdf
EOL-HSS30V03-OPSMonthly Data Report - Month 3.pdf
EOL-HSS32V03-OPSMonthly Data Report - Month 4.pdf
EOL-HSS34V03-OPSMonthly Data Report - Month 5.pdf
EOL-HSS3#V03-OPSMonthly Data Report - Month 6.pdf
EOL-HSS39V01-OPSMonthly Data Report - Month 7.pdf
EOL-HSS41V01-OPSMonthly Data Report - Month 8.pdf
EOL-HSS44V01-OPSMonthly Data Report - Month 9.pdf
EOL-HSS47V01-OPSMonthly Data Report - Month 10.pdf
EOL-HSS51V01-OPS-Monthly Data Report - Month 11.pdf
EOL-HSS54V01-OPSMonthly Data Report - Month 12.pdf

Table 1. Monthly data reports references.

1. LEG Validation report:
I Title : Assessment of EOLOS FL-200 EO1 Floating Lidar PREDeployment Verification at

1 Document name
2. LIDAR onshore Validation report:

REFERENCES TO VALIDATION REPORTS

the TNO Lichteiland Goeree Offshore Test Site, NL
: MV-3005-PV1-113-R-001-D.pdf

1 Title : Independent analysis and reporting of ZX Lidars performance verification executed

 Document name
report_20190129 EOL_EO1.pdf

1.5.

HSE ISSUES

by Zephir Ltd. at Pershore test site, including IEC compliant validation analysis
: EO1_ZEPHIR_300M_ZX839_ GLGHidar unit validation

In what follows, we present an accident/incident HSE (Health Safety and Environment) form for each
operation. Each table corresponds to the operation described in its title. An explanation of the table
entries is included at the end of the section.
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Installation of the FLS200 EO1 at the Hesselg site (EOL-HSS16-V01-Installation

Report).

27/02/2021 EOLOS WSP TOTAL
Onshore Manhours 8 0 8
Offshore Manhours 37.5 0 375
Average No. of Persons on Site 3 0 3
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
Near Miss Incident (NMI) 0 0 0
Hazard Report 0 0 0
Authorities Interventions 0 0 0

Table 2. HSE form installation 27/02/2021

Corrective Maintenance (EOL-HSS28-Maintenance Report E01-20210319)

19/03/2022 EOLOS W.
Onshore Manhours 0

n

P TOTAL

Offshore Manhours 36

Average No. of Persons on Site

Medical Treatment Incident (MTI)

First Aid Incident (FAI)

Near Miss Incident (NMI)

Hazard Report

OO0 |O|O|O||o|o|o

3
0
0
Minor Incident 0
0
0
0

Authorities Interventions

Table 3. HSE form corrective maintenance 19/03/2022
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Data Download (EOL-HSS11-Daily Progress Report 27-04-2021)

27/04/2021 EOLOS WSP
Onshore Manhours 0 0 0
Offshore Manhours 26 13 39

Average No. of Persons on Site 2 1 3
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
0 0 0
0 0 0
0 0 0

Near Miss Incident (NMI)
Hazard Report
Authorities Interventions

Table 4. HSE form data download 27/04/2021

Data Download (EOL-HSS11-Daily Progress Report 01-06-2021)

01/06/2021 EOLOS WSP
Onshore Manhours 0 0 0
Offshore Manhours 10 10 20

Average No. of Persons on Site 1 1 2
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
0 0 0
0 0 0
0 0 0

Near Miss Incident (NMI)
Hazard Report
Authorities Interventions

Table 5. HSE form data download 01/06/2021
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Control Box Replacement Operation (EOL-HSS36-OPS-Maintenance Report EO1-

20210714)
14/07/2021-17/07/2021 EOLOS WSP TOTAL
Onshore Manhours 32 0 32
Offshore Manhours 42 0 42
Average No. of Persons on Site 2 0 2
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
Near Miss Incident (NMI) 0 0 0
Hazard Report 0 0 0
Authorities Interventions 0 0 0

Table 6. HSE form control box replacement 14/07/2021

ADCP Replacement Operation (EOL-HSS49-Maintenance Report E01-20211223)

23/12/2021 EOLOS WSP TOTAL
Onshore Manhours 0 0 0
Offshore Manhours 49.5 0 49.5
Average No. of Persons on Site 3 0 3
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
Near Miss Incident (NMI) 0 0 0
Hazard Report 0 0 0
Authorities Interventions 0 0 0

Table 7. HSE form ADCP replacement 23/12/2021
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Recovery Operation from the Hesselg site (EOL-HSS58-Recovery Report EO1-

20220319)
19/03/2022 EOLOS WSP TOTAL
Onshore Manhours 2 0 2
Offshore Manhours 18 0 18
Average No. of Persons on Site 2 0 2
Medical Treatment Incident (MTI) 0 0 0
First Aid Incident (FAI) 0 0 0
Minor Incident 0 0 0
Near Miss Incident (NMI) 0 0 0
Hazard Report 0 0 0
Authorities Interventions 0 0 0

Table 8. HSE form recovery 19/03/2022
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The following table presents the definition of the terms used in the previous HSE forms.

An incident that requires treatment beyond the normal
Medical Treatment Incident (MTI) competence of a first aider, e.g. from a doctor, nurse,
dentist or surgeon.

An injury that requires treatment by a first aider and

First Aid Incident (FAI) this is sufficient to treat the injury.

A minor injury that does not require first aid, e.g. a

Minor Incident .
minor cut.

An incident that had the potential to result in injury but

Near Miss Incident (NMI) did not

A report of unsafe acts or conditions with the potential
to cause injury, e.g. persons working at height without
Hazard Report the means to arrest or capture falling items. An item
falling but not injuring anyone would be classified as a
near-miss.

Activity which had the potential to result in a
environmental incident had it not been amended
Environmental Near Miss Incident before the incident occurred or activity that had the
potential to result in an environmental incident but did
not.

Activity that resulted in pollution to land, controlled
waters and air; management of waste outwith duty of
care requirements and an activity undertaken in
breach of legal requirements, without appropriate
permission, licence or consent, or in breach of
consent conditions.

Environmental Incident

Natice in regard to an environmental incident which
gives rise to a prosecution, regulatory notice, caution,
warning letter, or other form of enforcement
action/notification from a regulatory body or authority.

Notice from Regulatory Authority

Confirmed complaint received from Regulatory bodies
(such as Government Agencies, Local Authority,
Marine Management Organisation, Maritime and
Coastguard Agency and complaints received from
Confirmed complaint (environmental) from consultees such as Non Government Organisations.
statutory consultee in regard to environmental issues associated with
EOLOS activities undertaken at development and
operational sites (excludes complaints or
representations in regard to the Development
Consent Process)

Table 9. HSE ddinitions
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e

Table 10. HSE comments

1.6. ABBREVIATIONS

List of abbreviations used throughout the text:

HSE: Health Safety and Environment
Camp.: campaign

S/N: Serial Number

HSS: Hesseld

MSL: mean sea level

LSN: Lidar serial number

yyyy / YYYY: year start / end
mm / MM: month start / end
dd / DD: day start / end

HH: Hour
mm: minute
SS: second
###:. reference numbers (001, 002,

Min, max: minimum, maximum

D
~

Std: standard deviation
Avg: average
Hs: significant wave height

Tp: Peakwave period
DriAvg: Average wave direction

=A=a 4 8 -8 4 _Aa_a_a_48 2 _4 _9 _2_9_9_92_2_-2°
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2. CONFIGURATION OF BUOY AND INSTRUMENTATION

2.1. LIST OF SENSORS

Below is a detailed list of the devices on board of the FLS200 EO1 for the Hessel@ project The table
includes the period in which the instrument was boarded, brand, model, and S/N.

SENSOR SPECIFICATIONS

SENSOR Period Brand Model Serial Number
LIDAR whole camp. ZX ZX 300M ZX839M
LIDAR WEATHER whole camp.

STATION AIRMAR 200WX 4174105
WEATHER STATION whole camp. VAISALA WXT536 S4720763
CURRENT PROFILER | 28/02/2021 i .

(ADCP) 23/12/2021 Nortek Signature 500 102459
CURRENT PROFILER | 23/12/2021 i .
(ADCP) 28/02/2022 Nortek Signature 500 102851

whole camp. | Automasjon

WAVE SENSOR AIM 3.5.16 2009
& Data AS
COMPASS METMAST | whole camp. KVH C100 121000639
GPS whole camp. GARMIN 19X HVS 2J5051321
PYRANOMETER whole camp. LI-COR LI-200/R 103837
COMPASS ROOF whole camp. KVH C100 2009W082

Table 11. List of sensors and specifications

2.2. SAMPLING INTERVALS AND AVERAGING PERIODS

The table below presents the main instrumentsé s a mgphfiguratipon.

SENSOR SAMPLING CONFIGURATION

SENSOR Sampling Samp'ling Sampling
frequenc duration interval
LIDAR * 10 min 10 min
WEATHER STATION 1 HZ 10 min 10 min
CURRENT PROFILER 1 HZ 3 min 30 min
WAVE SENSORmotion variables) 4 HZ 10 min 10 min
WAVE SENSOR (wave variables) 4 HZ 20 min 30 min
GPS 1HZ 1 sec 10 min
PYRANOMETER 1 HZ 10 min 10 min

* For each specific height, line -of-sight measurements are taken at 50 Hz during 1 second. The

data sampling procedure of the Lidar is explained in detail in section 2.4.1 below.

Table 12. Sampling configuration of sensors.
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2.3. SAMPLE HEIGHTS

2.3.1. LIDAR measurement height levels

Floating LIDAR
Measurement heights
Configured LIDAR height +
offset (m)
238+2 = 240
198+2 =200
178+2 =180
158+2 = 160
138+2 =140
118+2 =120
98+2 =100
68+2 =70
38+2 = 40 (ZX reference height)
10+2 =12

Level

RN w s |o o N |o|o|5

Table 13. Floating LIDAR measurement heights.

All heights are measured above sea level.

Lidar measurement heights configured apply a window height above sea level of 2m as ZX-Lidars allows
only integer values, i.e: if a measurement is due to be performed at 40m, the Lidar measurement
configuration is set to 38m. Distance between the LIDAR measuring lens and the sea surface level is
1.6m, and measurement is performed at 39.6m instead of originally targeted to 40m. Hence, in
postprocessing when tidal correction is applied, an extra offset of 0.4m is added as a constant, with the
following formula:

"00QEHAWQ O QAW 0 QE QEWAD GEEi 0 DE O
where 0 "Q¢ QEVN ca, ®E £ 1 O Oi@X.
2.3.2. CURRENT depth measurement levels

The ADCP depthsmeasurement levels correspond to the vertical distance from the transducer to the
center of the measurement cell, which is computed with the formula:

6Qt GCME OQadd GOE ‘WM "Q ¢ E LOQI W 'Q
For the whole campaign period, the number of cells and cell size value have been:

1 Number of cells (n): 22
1 Cellsize:1.6 m

As described i n tHVERHSEINCOL2dWhpdfe ,he bapkng distarice was changed
on the 14/07/2021. The values of the blanking distance have been:

1 Blanking distance (28/02/2021 to 14/07/2021): 3.6 m



eolos

Code EOLHS$9
HESSELQ@
Date 22/06/2022
Version 05
FINAL DATA REPORT
Page 20 de 190

1 Blanking distance (14/07/2021 to 28/02/2022): 1.2 m

This change in the blanking distance results in different measurement depths of the ADCP for those

two periods.

Since start of campaign to 14/07/2021, the EOLOS FLS200 unit was configured to measure the

current at the following depths.

Current Sensor
Measurement depths
Configured ADCP depths +
Level
offset (m)

1 5.2+0.8=6.0

2 6.8+0.8=7.6

3 8.4+0.8=9.2

4 10+0.8=10.8

5 11.6+0.8=124
6 13.2+0.8=14.0
7 14.8+0.8=15.6
8 16.4+0.8=17.2
9 18.0 +0.8=18.8
10 19.6 + 0.8 =20.4
11 21.2+0.8=22.0
12 22.8+0.8=23.6
13 24.4+0.8=25.2
14 26.0 + 0.8 =26.8
15 276 +0.8=28.4
16 29.2 +0.8=30.0
17 30.8+0.8=31.6
18 32.4+0.8=33.2
19 34.0+0.8=34.8
20 35.6 +0.8=36.4
21 37.2+0.8=38.0
22 38.8+0.8=39.6

Table 14. ADCPCells Depth (period: 28/02/2021 -14/07/2021)
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Since 17/07/2021 to end of campaign, the EOLOS FLS200 unit was configured to measure the current
at the following depths:

Current Sensor
Measurement depths
Configured ADCP depths +
Level
offset (m)

1 2.8+0.8=3.6
2 44+0.8=5.2
3 6.0+ 0.8 =6.8
4 76+08=84
5 9.2+0.8=10.0
6 10.8+0.8=11.6
7 12.4+0.8=13.2
8 14.0+0.8=14.8
9 15.6 +0.8=16.4
10 17.2+0.8=18.0
11 18.8+0.8= 19.6
12 20.4+0.8=21.2
13 22.0+0.8=22.8
14 23.6+0.8=24.4
15 25.2+0.8=26.0
16 26.8+0.8=27.6
17 28.4+0.8=29.2
18 30.0+0.8=30.8
19 31.6+0.8=32.4
20 33.2+0.8=34.0
21 34.8+0.8=35.6
22 36.4+0.8=37.2

Table 15. ADCP Cells Depth (period: sincel7/07/2021)

NOTE: All depths are referenced to sea level The offset of 0.8 meters is the distance between the
current sensor measuring transducer and the sea surface level.
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2.4. SENSORS GENERAL DESCRIPTION AND MEASUREMENT PRINCIPLES

24.1. LiDAR

The EOLOS FLS200 mounts a ZX300M, the fully marinized version of the ZX300, a vertical Continuous
Wave (CW) LIiDAR manufactured by ZXLidars Ltd, see figure 1.

Figure 2: ZXLidars - ZX300M, Source. www.zxlidars.com

This device measures the wind speed vector at user-defined heights. To measure the wind speed, the
LIDAR emits a highpower infrared laser and focuses it at the configured height. The laser beam is
deflected about 30° degrees from the vertical and is continuously rotated such that it covers the surface
of a cone, completing one revolution per second. In that time, 50 line -of-sight wind speed
measurements are performed [1]. There is subsequently a sub second delay to focus between the
different heights.

The | aserdéds emitted | i ght-atmasphéria @etosols préseneim thedair (such
as dust, pollen, or rain droplets) and detected by a photodetector. The difference of frequency between
the original and the received signal, known as Doppler shift, is directly related to the wind speed (speed
of the back-scattering particles).

Homodyne coherent detection is used to measure the frequency change. It consists of mixing the
backscattered signal with the original laser source (local oscillator) [2]. A limitation of homodyne
detection is that it only detects the magnitude of the frequency change but cannot determine its sign.
This leads to a 180° ambiguity in the wind direction. This ambiguity is resolved by incor porating an

extra wind sensor at the instrumentoés base, such

detected by the LIDAR, the closest to the direction measured by the anemometer will be identified as
the correct one. This procedure allows to obtain the three wind speed vector components.
The one second wind-speed vector is computed with the Velocity Azimuth Display (VAD) analysis
technique from the 50 measurements taken during the 1 second rotation scan at each height. The one
second data is saved, as well as its 10-min average in separate files. The Lidar offers a maximum of 10
configurable heights plus 2 default ones at 38 and 100 m. There is a trade -off between the number of
heights and the accuracy of the 10-min average measurements, since adding heights reduces the
number of measurements per height.
The device Measurement specifications are:
1 Range: 10-200+ metres (Validated measurements only up to 200m, by DNV GL.)
1 Probe Length:
0 +0.07 metres @ 10 metres
0 7.70 metres @ 100 metres
1 Heigh ts: 10 User Configurable

t

he

as

a
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Sampling rate: 50 Hz (up to 50 measurement points every second)
Averaging rate:
o0 True 1-second averaging
0 10 minute averaging
1 Accuracy wind speed: 0.1 m/s
9 Direction variation: <0.5°
1 Range: 1 m/sto 80 m/s

=a =

All Lidar units are validated at the ZXLidars test facility near Pershore, UK. Validations are carried out
byDNV-GL in the role of independent third party.
calculations are carried out in accordance with the current edition of the IEC 61400-12-1 standard.

2.4.2. ADCP

The EOLOS FLS200 mounts Signature500, a fivdbeam current profiling system manufactured by
Nortek Group.

Flgure 3. Signature500. Source.: www.nortekgroup.com

An acoustic Doppler current profiler (ADCP) measures current speed and direction by transmitting high-
frequency sound waves into the water column. The instrument measures velocities along its individual
beams by calculating the Doppler shift (D) of the returned signal. The distance to the measurement
volume is defined by the two -way travel time of the t ransmit pulse. The speed of sound (C) is used to
convert the Doppler shift to velocity, and a transformation matrix (T) defined by the orientation of the
individual beams transforms the beam estimates to Cartesian 3D velocities in a XYZ coordinate system,
V =T x C x D. The built -in compass and attitude sensor can further transform the XYZ coordinates to
Earth referenced coordinates, ENU.[3]

The Signature500 also offers an altimeter functionality allocated on the 5™ vertically oriented beam. The

The

al ti meter measures the distance between the instrumen

the sea bottom). That is done by transmitting a short pulse and analyzing the received signal with the
Leading Edge Algorithm. This algorithm finds the distance to the seabed where the rate of change in
the amplitude of the received signal is at its highest.

The measurement specifications of the Signature500 are:

- Current Profiler

0 Maximum profiling range: 70 metres

Cell size: 0.57 4 m
Maximum number of cells: 200
Maximum sampling rate: 8 Hz
Velocity range (along beam): User-selectable 2.5 or 5.0 m/s
Velocity resolution: 0.1 m/s
Minimum accuracy: 0.3% of measured value + 0.3 cm/s

O OO0 Oo0OO0ooOo
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- Altimeter
0 Altimeter range: 0.5-70 m
o0 Altimeter cell size: 0.024 m

2.4.3. WAVE

The EOLOS FLS200 mounts an AIM motion sensor + WAVElesigned for application within wave
buoys, from the manufacturer Automasjon og Data AS (A+D).

Figure 4. AIM WAVE Source: www.wisegroupsystems.com

The AIM sensor includes several Inertial Measurement Units (IMU). It incorporates a 3-axis
accelerometer and gyroscope in two different locations of the unit plus a magnetometer. The data from
the sensors in different locations is consolidated in real time using algorithms within the overall AIM
firmware to yield full accelerations, velocity, and displacements in 3 axes, plus magnetic heading.
With these basic real time measurements, time history and spectral analysis is performed in order to
yield a wide range of wave statistical values. Note that the wave analysis operates in parallel with the
data collection, with all results updated approximately every 5 seconds. [4]
The accuracy of processed wave data is:
- Heave
o0 Range: +/- 30 metres
0 Resolution: 0.01 m
0 Accuracy: Typically or better 2%
- Period
0o Range:1.5t030s
0 Resolution: 0.0391 Hz
0 Accuracy: Typically or better 2%
- Direction
0 Range: 0 to 360 degrees
0 Resolution: 0.1 degrees
0 Accuracy: +/- 1 degree

2.4.4. Meteo stations

The EOLOS FLS200 mounts two different weather stations to maximize weather data availability. The
primary station is the VAISALA WXT536 and the secondary one is the Airmar 200WX. Both instruments
include sonic anemometers and are mounted at the same quota with respect to SWL, so consistency in
measurements is preserved regardless of the instrumentation used.
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VAISALA WXT536
The Vaisala Weather Transmitter WXT536 is a flexible, integrated building block for weather
applications. Besides wind, it offers four of the most important weather parameters, which are air
pressure, temperature, humidity, and rainfall. The WXT536 exceeds the IEC60945 maritime standard
and accounts with DNV-GL Type Examination.

-
lo“

Figure 5: VAISALA WXT536. Source: www.vaisala.com

The different quantities are measured according to the followi ng measuring principles

wind : The transmitter incorporates 3 equally spaced ultrasonic transducers on the top
horizontal plane. The speed and direction of the wind are computed by comparing the time it
takes the emitted soundwave to travel from one transducer to another.

Precipitation : The precipitation sensor consists of a steel cover and a piezoelectrical sensor
which detects the impact of individual raindrops. The signals from the impact are proportional
to the volume of the drops and they can be converted directly to accumulated rainfall.
Pressure, Temperature, Humidity (PTU module) . It includes an advanced RC oscillator
and to reference capacitors against which the capacitors from the pressure, temperature, and
humidity sensors are compared. [5]

Its measurement specifications are:

Wind Speed:
0 Range: 0- 60 m/s
0 Response time: 0.25s
0 Acuracy: +3% at 10 m/s
o Output resolution: 0.1 m/s
Wind Direction:
0 Azimuth: 071 360°
0 Response time: 0.25s
0 Acuracy: £3.0° at 10 m/s
0 Output resolution: 1°

- PTU
Range Accuracy Resolution
Pressure 600-1100 hPa NO.5 hPa at 0 0.1hPa
tlhPaat-52 é +60
Temperature | -52 ... +60 °C 0.3 °C 0.1°C

%5 %RH at 90 ... 100 %RH

Humidity 0 ... 100 %RH +3 %RH at 0 ... 90 %RH 0.1 %RH

Rainfall (cumulative)
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o Collecting area: 60 cm?
0 Output resolution: 0.01 mm
o0 Field accuracy for daily accumulation: better than 5 %, weather -dependent

Airmar 200WX
The Airmar 200WX is the original weather station chosen by the Lidar manufacturer ZXLidars. This is
the reason it has been kept in the FLS200 despite not having any maritime certification. Like the Vaisala,
it offers the most common weather parameters besides wind.

AIRMAR

WeatherStation® 200WX

h\‘ .

Figure 6. Airmar 200WX. Source.: www.airmar.com

For this station wind measurement specifications are:
- Wind Speed:
o Range:0-40m/s
0 Accuracy: 5% at 10 m/s
0 Resolution: 0.1 m/s
- Wind Direction:
o Range:071 359.9°
0 Accuracy: £3% at 10 m/s
0 Resolution: 0.1 °

2.4.5. Compass
The FLS200 mounts the C100 Compass Engine manufactured by KVH Industries.

Figure 7: C100 Compass Engine. Source www.kvh.com
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The C100 microprocessorcontrolled fluxgate compass consists of a toroidal fluxgate sensor element
and a small electronics board. Each C100 has a saturable ring core in a Lexan cylinder, free floating in
an inert fluid to keep it horizontal with respect to the earth. Windings surround the Lexan housing,
electrically driving the ring core into saturation and measuring the amplitude of induced pulses which
are proportional to the earthés magnetic field. Thi s
compensates for the hard and soft iron magnetic interference of the host platform. The result ing output
is translated into extremely accurate heading data. [6]
The measurement specifications of the C100 Compass Engine are:

1 Accuracy: £0.5°

1 Resolution: 0.1°

1 Range:07 359.9°

2.4.6. Pyranometer

The LI200R pyranometer manufactured by LI-COR Biosciences, monitors sun plus sky radiation.

R

\Rﬁ;’ 1,

Figure 8: L1-200R. Source: www.licor.com

The LI-200R measures global solar radiation (solar irradiance received on a horizontal surface) with a

silicon photodiode mounted under a cosine-corrected acrylic diffuser. The acrylic diffuser compensates

for the factor cosine of the angle between the sun beams and the surface normal vector, up until an

angle of 82°. Errors are typically less than + 5% for angles less than 82° from the normal axis. The

sensoroutput is a current (T A) signal t hat is directly pr
multiplier is used to convert the current signal into units of radiation (W m -2). [7]

The measurement specifications of the LI200R pyranometer are:
1 Accuracy: £ 3% typical; £ 5% maximum
1 Sensitivity: Typica2ly 75 TA per 1000 W m
1 Linearity: Maximum deviation of 1% up to 3000 W m -2
9 Cosine Correction: Cosine corrected up to 82° angle of incidence


http://www.licor.com/
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3. DATA PROCESSING AND DATA QUALITY

3.1. DATA EXTRACTION PROCEDURE

The data from the instruments on the buoy is stored in different devices and the retrieval from this data
can be done through different communication channels.
i Internal storage of the devices (data loggers and instruments).
a. The data from the instruments is stored in two data loggers: the slave, and the master.
b. There are instruments that apart from sending data to the data loggers, also store it
internally. These instruments are the LIDAR, Wave and ADCR
ii. Communication channels.
a. Telemetry.
i. Mobile network communication (3G).
ii. Satellite communication (Iridium).
b. In situ internal memory recovery.
Data is downloaded from the internal memory of the device via:
i. Wi-Fi
ii. Cable
iii. Memory card extraction.

Each device has different communication channels available. The following table gives an overview of
which communication channels are accessible for each device.

Master Slave Lidar Wave ADCP
3G
Telemetry
Iridium
Wi-Fi
In situ internal Cable
memory recovery
Memory card
extraction

Table 16 i Data accessibility per device and communication channel.
Green: accessible, red: not accessible.

To extract the data, all the different channels are used when available, in order to obtain the highest

data availability. The priority with which each data recovery channel is used, is depicted in the following

flowchart, where numbers indicate the priority of the channel. T he tag F2M in the flowchart stands for
Aiformat to mastero and means that the format of the
data logger. The F2M formatting is applied to all the data except to the data from the master data

logger, which already has this format. This step is necessary so that all data has the same format prior

to the post-processing. At the end of the process the data obtained through all channels is merged,

indicated in the flowchart by the symbol @ A detailed explanation of the flowchart follows.
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Data extraction

|

In situ internal
memory recovery
; ¥ '3 ¥ i £

» 9 9

LIDAR Slave Master Slave } [ Master

T |[ e [ o [ smre | [[enm

F2M F2m F2m [ FZTM ] FZlM | FZTM ] FjM ]
> D D
R
L/
PP

Figure 9. Data extraction flowchart.

The process starts by selecting a communication channel. The preferred one is mobile network
communication (3G), if it is not available, satellite communication (iridium) is used. If the data from the
devices has been recovered in situ through an expedition to the buoy, this data is also used.

The next step consists of merging the data available from different devices (data logg ers and
instruments). The devices that are available and the order in which the data is taken depends on which
instrument 6s data is being retrieved.

i. LIDAR
In the first place, if the telemetry communication channel is 3G, the data from the internal
memory storage of the LIDAR is taken, because it normally contains the highest amount of
data. This data is then formatted to match the ma
data is taken, and it is formatted and merged with the previous data. Afterwar ds t he mast er o
data is taken and merged (no formatting is needed). Additionally, if the internal memory storage
of the LIDAR has been recovered in situ through an expedition to the buoy, this data might also
be taken, formatted, and merged with the rest.

il. Wave and ADCP
The data is first taken from the Slave and formatted to match the master format (F2M). Then
the data is taken from the master and merged with the previous one. Additionally, the data
mi ght be taken directly f r omentolyestorayaifiehasabeeh ADCP 6 s
retrieved through an expedition to the buoy, and also formatted and merged with the rest.

iii. Other instruments
For all other instruments, the data is first taken from the Slave and formatted (F2M). Then the
data is taken from t he master and merged with the rest.
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Note that the order in which the merge operations are performed does not affect the result. Once all
the data from the different communication channels and devices has been analyzed, a union of all
datasets is performed, the post-processing (PP) process is executed, and the data undergoes a manual

quality control (QC). Finally, this data is sent to the client.

3.2. VARIABLE UNITS AND FILTER RANGES

3.2.1.

Periodical variables

The following table shows a list of all the variables sent to the CLIENT periodically every month. It
shows from which sensor they come, their units, variable definition and the filter ranges applied to it
in the quality control if applicable.

Variable Name

Variable Definition

Data qua lity
control checks

Max and Min

values

ADCPtemp Celsius Surface water (-4) T 40°C
temperature
ADCP_vcXX m/s Current velocity (**) 01 25m/s
CURRENT TS "
SENSOR ADCP_vcXX Deg Current direction (**) 071 360 Deg
. Distance between .
alti_ ADCPlevelA_Avg m seabed and surface 307 37 m8§§
meteo_Sn_min m/s Meteo_vymd speed -
- = minimum
meteo_Sm_avg m/s Meteo wind speed 07 60 m/s
mean
meteo_Sx_max m/s Meteo w!nd Speed -
- = maximum
METEO i irecti
meteo_Dir_bear Deg Meteo wind direction 07 360 Deg
mean
meteo_Ta_avg Celsius | Meteo air temperature (-52) i 60°C
meteo_Ua_avg % Meteo re_la_t e air 071 100 %
humidity
meteo_Pa_avg hPa Meteo air pressure 6007 1100 hPa
meteo_Rc mm Meteo rain 071 1000 mm
wave_Havg m Average wave _helght, 0i 25m
Zero crossing
Mean spectral period .
wave_Tz S (TM02), speciral 167 30s
wave Hmax m Maximum wave height, 0i 25m
- zero crossing
WAVE wave_Hs m _Slgnlflcant wave 07 25m
height, zero crossing
wave_Ts S Slgnlflcant wave 167 30s
- period, zero crossing
Average height highest
wave H 10 m 1/10 waves, zero 07 25m
crossing
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Data qua lity

control checks

Max and Min
values

Variable Name Units Variable Definition

Average period highest
wave T 10 S 1/10 waves, zero 1671 30s
crossing
wave_Tavg S Average wave .perlod, 167 30s
Zero crossing
wave_Tp s Peak period, spectral 167 30s
wave HMO m Slgnlflcant wave 0i 25m
- height, spectral
. Average wave .
wave_DirAvg Deg direction,spectral 01 360 Deg
. Average directional .
wave_DirAvgSpr Deg spread, spectral 07 90 Deg
wave_DirP Deg . Pe_ak wave 07 360 Deg
direction,spectral

AHRS_AHRSroll_Max Deg Maximum roll -

AHRS_AHRSroll_Min Deg Minimum roll -
AHRS_AHRSpitch_Max Deg Maximum pitch -
AHRS_AHRSpitch_Min Deg Minimum pitch -

AHRS_AHRSyaw_Max Deg Maximum yaw -

AHRS_AHRSyaw_Min Deg Minimum yaw -

. : Lidar mean horizontal 071 50 m/s
LidarXXm_Z10_HorizWS m/s wind speed at XXm ()
LidarXXm_Z10_StdDevW m/s Lidar STD horizontal i

S wind speed at XXm (*)

. Lidar max horizontal
LidarXXm_Z10_MaxW$s m/s wind speed at XXm (*) -

. . Lidar min horizontal
LidarXXm_Z10_MinWS m/s wind speed at XXm () -

. Lidar mean wind .
LidarXXm_Z10_WD Deg direction at XXm (*) 07 360 Deg
LIDAR : Lidar vertical wind
LidarXXm_Z10_VertWs m/s speed at XXm (*) -
LidarXXm_z10_InfoFlag - Lidar Info (E;ag at Xxm -

. Lidar Status Flag at
LidarXXm_Z10_StatFlag - XXm (% -
LidarXXm_Z10 Packets - Lidar Pac(i)e s at XXm -

. Lidar turbulence
LidarXXm_Z10_Turbint - intensity at XXm (*) -

LidarXXm_code - Data quality code (*) -
meteo_SIr'W_Avg W/m? Solar light 07 3000 W/m?2
OTHER buoy_status_CR6S_batt Volts Voltage level )
SECONDAR Avg power/control
Y SENSORS Position of buoy
buoy_status_GPSlat Deg (Latitude) §
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Data qua lity

control checks

Max and Min
values

Variable Name Units Variable Definition

buoy_status_GPSlong m Poiggitcjdbeuoy

(*) For each height.

(**) For each of the water depths (between seabed and sea surface) measured with the current
sensor.

§ Must be within the drift radius of 97 meters.

8 § Further quality control filtering is applied to variable a/ti ADCPlevelA Avgas described in detail
in the dBQ-H8EEAV02-OPSReport ADCP EOLHESSELG.paf. Al 1l the res
document are created from the dataset that has undergone th is filtering. Note that this filtering was
not applied to the monthly reports documents and therefore results may differ.

Table 17. Periodical FL.S200 data variables.

3.2.2. End of campaign variables

The following table shows a list of all the extra variables sent to the CLIENT at the end of the
campaign. This includes the high frequency LIDAR variables(sampling: duration 1s, interval 1s and
frequency 1Hz) and the wave spectral data (sampling: duration 20 min, interval 20 min and
frequency 4Hz) . It shows from which sensor they come, their units, variable definition.

Sensor

Variable Name Variable Definition

Reference - Reference

Time and Date dd/mm/yyyy hh:MM | Time and Date

Timestamp dd/mm/yyyy hh:MM Timestamp

Info. Flags - Info. Flags

Status Flags - Status Flags

Battery Volts Battery

Generator Volts Generator

Upper Temp Celsius Upper Temp.

Lower Temp Celsius Lower Temp.
LIDAR 1Hz Pod Humidity % Pod Humidity

data GPS degree GPS

Met CompassBearing Deg Met Compass Bearing

Met Tilt Deg Met Tilt

Met Air Temp Celsius Met Air Temp

Met Pressure mbar Met Pressure

Met Humidity % Met Humidity

Met Wind Speed m/s Met Wind Speed

Met Wind Direction Deg Met Wind Direction

Rainning - Raining

Fog - Fog
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Sensor

Variable Name Variable Definition
Wind direction at XXm Deg Wind direction at XXm
Horizontal Wind Speed m/s
at XXm Horizontal Wind Speed at XXm
Vertical Wind Speed at m/s
XXm Vertical Wind Speed at XXm
Checksum - Checksum
Index number from within the FFT
column 1 - .
operation
column 2 Hz Frequency componert: f
WAVE seectral column 3 m? s/ rad Spectral Energy Component: E¢ )
data
column 4 Deg Mean Direction: Wp(f)
column 5 Deg Direction Spread: Ws(f)
WAVEsu_rface Eta m Surface elevation
elevation
column 1 - Timestamp
column 2 - Starting characters
column 3 m Displacement X direction
column 4 m Displacement Y direction
column 5 m Displacement Z direction
column 6 m/s"2 Acceleration X direction
WAVE raw N : -

AHRS column 7 m/s"2 Acceleration Y direction
column 8 m/s"2 Acceleration Z direction
column 9 Deg Roll
column 10 Deg Pitch
column 11 Deg Yaw
column 12 Deg (- column 11)
column 13 - Ending characters

Table 18. End of campaign FLS200 data variables.

*These are variables measured by the WAVE sensor.From them the traditional 2D wave spectrum S(f,

€) can be computed. The S(f, &) iasfollams: i ndustry standa
T s(f,e)=(f)*D(Ff, @€)
1T D(f, &) i sdigriblBewiths i a

f

f

o Mean=Wp(f)

0 Standard Deviation=Ws(f)

The frequency range spans from 0.667 Hz to 0.033 Hz, frequencies outside this range will not be
included in the wave spectral parameter calculations.
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NotethattheSpectraIEnergyComponentﬂ, E(R), is given as a functi

which is related to the linear frequency f by: R = 2¢f. For all cal cul at i

dependency of E must coincide with the units of the frequency. This is achieved through the
transformation: % /& — ¢ NS — . Forexample,tocompute 'O firsttransform %5 © % /and

then evaluate the formula O T B OoQyQ
See example of a 2D wave spectrum as result of the application of the method described above.

Wave Spectrum - 2(822-03«07 23:00 UTC

3307 30°

300 /‘\\ 60°
/ A b i Frequency (Hz)
I , 1 | 03
/ / PN 0 ‘

l90°

S 1
3 10

w

Spectral Energy Density (m”s/rad)

5 210° : ) 150°
180°

Figure 10: 2D Spectrum in polar coordinates. Radlius is the frequency and angle is the direction.

3.3. MISSING AND INVALID DATA HANDLING

3.3.1. All sensors

For all sensors except for the LIDARand pyranometer, faulty data entries are tagged with:
1 NAN: if the data entry is missing.

1 999: if the data entry was flagged by the Eolos QC.
Faulty data entries are delivered to the client appropriately tagge d.

3.3.2. Pyranometer

The values of the solar irradiance measured by the pyranometer are valid if they fall within a range of

0 - 3000 W/m?. Therefore 999 is not an appropriate flagging value since it falls within the acceptance
range.

The monthly data received by the client w as flagged with 999 values for missing or invalid data, which
leads to a subsequent miscalculation of the data availability. This issue is reported in the incidence
docum&EMHSHINCO14 vOl.pdfo .

In the complete dataset received by the client at the en d of the campaign, all invalid and missing values
of the pyranometer are tagged with a NAN, and the data availability is appropriately computed.

3.3.3. LiDAR

ons

(0]

I
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In the Li DAROs case, faulty data entries are tagged w
1 NAN: if the data entry is missing.

T 9999: if the data entry was flagged due to impossibility of high -quality wind speed
measur ement . Typically caused by very |l ow wind s
window, or significant interference with the laser beam at the specified height.

1 9998: if the d ata entry was flagged due to environmental causes (e.g., thick fog or precipitation)

[8].
Faulty data entries are delivered to the client appropriately tagged.

Furthermore, the EOLOS Data Postprocessing algorithm creates aquality control parameter for each
measur ement height. Such parameters are named ficodeo
1 0 - System not available

1 1- System available & Postprocessed Data passing quality checks

1 2 - System available but data filtered for not passing quality checks

1 3 - System available & Postprocessed Data passing quality checks for Wind Speed but not
passing quality checks for Wind Direction
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3.4. END OF CAMPAIGN FILES

For each type of files, the file name, content definition and number of files i s indicated.

3.4.1. Post -processed files

EOLOS yyyymmdd_0000_YYYYMMDD2350_10minCompassM_Code.dat
1 Data from sensors that output at 10 -min frequency. Lidar data corrected with Mast compass.

Includes Lidar quality code variables.
1 1file

EOLOS yyyymmdd_0000_YYYYMMDD2350_10minCompassZX_Code.dat
1 Data from sensors that output at 10 -min frequency. Lidar data corrected with Airmar compass.

Includes Lidar quality code variables.
1 1file

EOLOS yyyymmdd_0000_YYYYMMDD2350_30min.dat
1 Data from sensors that output at 30 -min frequency.
1 1file

SYYYYMMDDHHMmMSS New_record_Original_record.csv

1 Multiple csv files containing wave spectral data, structured as explained in section 3.2.2.
These files are named as above where:
0 S: stands for Spectral
o0 New_record: record number given in posterior reprocessing
o Original_record: record number given by instrument
1 Mapping to EOLOS timestamp: round to nearest 30-minute timestamp
1 16,266 files
o Of which 16107 correspond to wave data in the 30-min file with no NaNs.
o Of which 159 correspond to wave data in the 30-min file with at least one NaN.

Eta_timeseriesYYYYMMDIOHHmm.dat
1 Multiple .dat files each containing 20 minutes of surface elevation data at 5 Hz.
1 16,266 files

o Of which 16107 correspond to wave data in the 30-min file with no NaNs.
o Of which 159 correspond to wave data in the 30 -min file with at least one NaN.

3.4.2. Original files

LIDAR original files

Wind_LSN@Yyyyy Mmm_Ddd.ZPH.csv
1 High frequency Lidar data for all heights.
1 7files

Wind10_LSN@Yyyyy Mmm_Ddd.ZPH.csv
1 10-min averaged Lidar data for all heights.
1 1file
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ADCP original files

EO01 HSSyyyymmdd_YYYYMMDLad2cp

Converter program Signature Deployment
Converted file extension .mat and .csv

1 High frequency measurement data from all configured sensors, averaged raw altimeter
measurements, instrument configuration, variable description, and variable units.
1 3files

EO1_HSSyyyymmdd_YYYYMMDDavgd.ad2cp

Converter program Signature Deployment
Converted file extension .mat and .csv

1 Averaged measuranent data from all configured sensors, instrument configuration, variable
description, and variable units.
1 3files

EO01_HSSyyyymmdd_YYYYMMDIEfg
1 Set of commands that describe the configuration of the ADCP, automatically and internally

generated by the ADCP It might differ from the .deploy file if there was an error in the
deployment steps or if the configuration has been later changed through the ADCP terminal.
This is the real configuration with which the ADCP has measured. The meaning of each of those

conmands can be found in the Nort ¢k .Mesnhaithe fi Si

configuration parameters are also saved in the data files with extension .ad2cp described above.
1 3files

EO1_HSSyyyymmdd_YYYYMMDhdr
1 Contains information about the file format of the other files, in addition to the setup and

configuration of the instrument. Internally generated by the ADCP.
1 3files

telemetryfile.bin
9 File created during measurement, containing the data which will be read by the datalogger. It

is configured using the appropriate SETTMxxx commands. The meaning of those commands

can be found in the Nortek Manual ASignature
the format expected by the datalogger.
1 2files

AD2CP 500kHz_900000_yyyymmdd_YYYYMMDLdeploy
9 Files created a posteriori. They do not contain all the actual ADCP configuration.

1 Set of commands used to configure the measurement plan of the ADCP. The configuration is
done through the Signature Deployment software, which outputs the .deploy file. The meaning
of each of those commands can be found (9 the
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T 3files

EO1_ADCP_getall_202112230g
1 File generated when interacting with the ADCP through the command line. Contains the outputs

of such interaction.
T 1file

WAVE original files

Raw AHRS
Provides motion 6 degrees of freedom data at the unit location (displacement and rotation along three
axes). Dataformatisdef i ned in the manual from the manufacturer

ADAPTI VE | NERTI AL MATRI X TECHNI CAL andlia dettidn3@.2 ofthissect i on

document. There are two types of files:

EO1_chl 10HZ ### .txt
1 Data sampling at 10 Hz from WAVE internal SD card From campaign start until 29/01/2022.

1 161 files

EOL_chl 5HZ_162.txt
1 Data sampling at 5 Hz from Slave datalogger. From 28/01/2022 until campaign end.

1 1file
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4. DATA AVAILABILITY

4.1. DEFINITIONS

The availabilities are computed in accordancewith section 2.3 of the Measurement Plan. [10]

4.2. DATA AVAILABILITY TABLES AND GRAPHS
For each sensa, availability table and bar charts are presented for the corresponding variables.

The tables show the availability per variable for the whole campaign period. They contain the name of the sensor, the variable name, the number of total
possible data entries for the campaign period, the number of valid system data, system availability, th e number of post-processed valid data, and post-processed
availability. The rows for which the post -processed columns are empty correspond to variables that are not post -processed.

Each bar chart shows the monthly availability for a specific variable. The month tags in the x -axis correspond to day 28 of the first month to day 28 of the
second month. The graphs show system and post-processed availability, both monthly (bars) as well as averaged for the whole campaign period (hor izontal
lines).

42.1. LIDAR
: Possible Valid Syste_rp Valid Post—procg;sed
Sensor Variable Data Data Availability Data Availability
(System) (%) (Postprocessed) (%)
lidar_lidar10Om_Z10_HorizWS 52560 52063 99.05 51038 97.10
lidar_lidar1Om_WD_alg_03 52560 52063 99.05 51038 97.10
LIDAR lidar_lidarlOm_z10_VertWs 52560 52063 99.05
lidar_lidar10Om_Z10_Turblint 52560 52063 99.05
lidar_lidar38m_z10_HorizWS 52560 52063 99.05 51402 97.80
lidar_lidar38m_WD_alg_03 52560 52063 99.05 51402 97.80
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LIDAR AVAILABILITY

: Possible Valid Syste_m Valid Postprocessed
Sensor Variable Data Data Availability Data Availability
(System) (%) (Postprocessed) (%)
lidar_lidar38m_z10_VertWs 52560 52063 99.05
lidar_lidar38m_Z10_Turblint 52560 52063 99.05
lidar_lidar68m_z10_HorizWS 52560 52063 99.05 50986 97.01
lidar_lidar68m_WD_alg_03 52560 52063 99.05 50986 97.01
lidar_lidar68m_z10_VertWs 52560 52063 99.05
lidar_lidar68m_z10_Turblint 52560 52063 99.05
lidar_lidar98m_z10_HorizWS 52560 52063 99.05 50440 95.97
lidar_lidar98m_WD_alg_03 52560 52063 99.05 50440 95.97
lidar_lidar98m_z10_VertWs 52560 52063 99.05
lidar_lidar98m_z10_Turblint 52560 52063 99.05
lidar_lidar118m_Z10_HorizZWS 52560 52063 99.05 49639 94.44
lidar_lidar118m_WD_alg_03 52560 52063 99.05 49639 94.44
lidar_lidar118m_Z10_VertWs 52560 52063 99.05
lidar_lidar118m_Z10_Turblint 52560 52063 99.05
lidar_lidar138m_Z10_HorizWS 52560 52063 99.05 49267 93.73
lidar_lidar138m_WD_alg_03 52560 52063 99.05 49267 93.73
lidar_lidar138m_z10_VertWs 52560 52063 99.05
lidar_lidar138m_z10_Turblint 52560 52063 99.05
lidar_lidar158m_Z10_HorizWS 52560 52063 99.05 49029 93.28
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LIDAR AVAILABILITY

: Possible Valid Syste_m Valid Postprocessed
Sensor Variable Data Data Availability Data Availability
(System) (%) (Postprocessed) (%)

lidar_lidar158m_WD_alg_03 52560 52063 99.05 49029 93.28
lidar_lidar158m_z10_VertWs 52560 52063 99.05

lidar_lidar158m_z10_Turblint 52560 52063 99.05

lidar_lidar178m_Z10_HorizWS 52560 52063 99.05 48372 92.03
lidar_lidar178m_WD_alg_03 52560 52063 99.05 48372 92.03
lidar_lidarl78m_Z10 VertWs 52560 52063 99.05

lidar_lidar178m_z10_Turblint 52560 52063 99.05

lidar_lidar198m_Z10_ HorizWS 52560 52063 99.05 47624 90.61
lidar_lidar198m_WD_alg_03 52560 52063 99.05 47624 90.61
lidar_lidar198m_Z10_VertWs 52560 52063 99.05

lidar_lidar198m_Z10_Turblint 52560 52063 99.05

lidar_lidar238m_Z10_HorizWS 52560 52063 99.05 47629 90.62
lidar_lidar238m_WD_alg_03 52560 52063 99.05 47629 90.62
lidar_lidar238m_Z10 VertWs 52560 52063 99.05

lidar_lidar238m_z10_TurblInt 52560 52063 99.05

Table 19. LIDAR availability.
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Figure 11. Bar chart for availability of horizontal wind speed at 12 m.

Horizontal wind speed availability (40m)
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Figure 12. Bar chart for availability of horizontal wind speed at 40 m.
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Figure 13. Bar chart for availability of horizontal wind speed at 70 m.

Horizontal wind speed availability (100m)
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Figure 14. Bar chart for availability of horizontal wind speed at 100 m.
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Figure 15. Bar chart for availability of horizontal wind speed at 120 m.

Horizontal wind speed availability (140m)
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Figure 16. Bar chart for availability of horizontal wind speed at 140 m.
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Figure 17. Bar chart for availability of horizontal wind speed at 160 m.

Horizontal wind speed availability (180m)
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Figure 18. Bar chart for availability of horizontal wind speed at 180 m.
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Figure 19. Bar chart for availability of horizontal wind speed at 200 m.

Horizontal wind speed availability (240m)

‘-System Aval [JPost-Processed Aval —System Aval 99.05% —Post-Processed 90.62%‘

Figure 20. Bar chart for availability of horizontal wind speed at 240 m.




HESSELD Code EOLHS$9
Date 22/06/2022
Version 05
FINAL DATA REPORT
Page 47 de 190

Availability (%)

Availability (%)

N N N N N LN N
& Ny & S N2 2 v
v % Vv N % Nz ,:l/ o
I " N« S
3 ; & N & S &
N r],Q Q‘T/ q/Qq/ o rle >
& @ » N » el &

Wind direction availability (12m)

100

80

(2]
o

o
o

N
o

<

‘-System Aval [JPost-Processed Aval — System Aval 99.05% —Post-Processed 97.1 0%‘

Figure 21. Bar chart for availability of wind direction at 12 m.

Wind direction availability (40m)
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Figure 22. Bar chart for availability of wind direction at 40 m.
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Figure 23. Bar chart for availability of wind d irection at 70 m.

Wind direction availability (100m)

‘-System Aval [JPost-Processed Aval —System Aval 99.05% —Post-Processed 95.97%‘

Figure 24. Bar chart for availability of wind direction at 100 m.
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Figure 25. Bar chart for availability of wind direction at 120 m.

Wind direction availability (140m)
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Figure 26. Bar chart for availability of wind direction at 140 m.
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Figure 27. Bar chart for availability of wind direction at 160 m.

Wind direction availability (180m)
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Figure 28. Bar chart for availability of wind direction at 180 m.
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Figure 15. Bar chart for availability of wind direction at 200 m.

Wind direction availability (240m)

N N N N N LN LN
& Ny & i\ N2 2 v
v % Vv N % Nz ,:l/
& 3 N VQQ‘ o o°
3 . N b N N
Q,.l/'\ rLQ q/Qr]/ q/Qq:\ (19(1, rLqu ‘_19“[/
N
& R S L o

&

‘-System Aval [JPost-Processed Aval —System Aval 99.05% —Post-Processed 90.62%‘

Figure 16. Bar chart for availability of wind direction at 240 m.
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Vertical wind speed availability (12m)
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Figure 29. Bar chart for availability of vertical wind speed at 12 m.
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100 T —
80 -
S
< 60 |
=
©
T 40 .
>
£
20 .
0 N N a, -
N N N N N N N
R N I U A A
& & Sy Q> > S Q o RY ) Q> 0
R & & 3 h ~ o IS e & @ @
Q> Q . - &'\ N o o Y o i~ O
O N S N I O O A
O
qu @@ v§‘ @fz;\' N N V'\)Q %@Q OC} \;OA QQ' }'2?

‘-System Aval [JPost-Processed Aval —System Aval 99.05% —Post-Processed 99.05%‘

Figure 30. Bar chart for availability of vertical wind speed at 40 m.
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Figure 31. Bar chart for availability of vertical wind speed at 70 m.
Vertical wind speed availability (100m)
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Figure 32. Bar chart for availability of vertical wind speed at 100 m.
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Figure 33. Bar chart for availability of vertical wind speed at 120 m.
Vertical wind speed availability (140m)
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Figure 34. Bar chart for availability of vertical wind speed at 140 m.
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Vertical wind speed availability (160m)
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Figure 35. Bar chart for availability of vertical wind speed at 160 m.
Vertical wind speed availability (180m)
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Figure 36. Bar chart for availability of vertical wind speed at 180 m.
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Vertical wind speed availability (200m)
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Figure 37. Bar chart for availability of vertical wind speed at 200 m.
Vertical wind speed availability (240m)
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Figure 38. Bar chart for availability of vertical wind speed at 240 m.
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Turbulence intensity availability (12m)
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Figure 39. Bar chart for availability of turbulent intensity at 12 m.
Turbulence intensity availability (40m)
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Figure 40. Bar chart for availability of turbule nt intensity at 40 m.
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Turbulence intensity availability (70m)
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Figure 41. Bar chart for availability of turbulent intensity at 70 m.
Turbulence intensity availability (100m)
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Figure 42. Bar chart for availability of turbulent intensity at 100 m.
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Turbulence intensity availability (120m)
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Figure 43. Bar chart for availability of turbulent intensity at 120 m.
Turbulence intensity availability (140m)
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Figure 44. Bar chart for availability of turbulent intensity at 140 m.
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Turbulence intensity availability (160m)
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Figure 45. Bar chart for availability of turbulent intensity at 160 m.
Turbulence intensity availability (180m)
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Figure 46. Bar chart for availability of turbulent intensity at 180 m.
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Turbulence intensity availability (200m)
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Figure 47. Bar chart for availability of turbulent intensity at 200 m.
Turbulence intensity availability (240m)
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Figure 48. Bar chart for availability of turbulent intensity at 240 m.




Code EOL-HS$9

HESSELYD

e I o s Date 22/06/2022
‘ Version 05

FINAL DATA REPORT

Page 62 de 190

4.2.2. METEO
METEO AVAILABILITY ‘
Possible Valid System Valid Postprocessed
Sensor Variable Data Data Availability Data Availability
(System) (%) (Postprocessed) (%)
meteo_Sm_avg 52560 47047 89.51 47047 89.51
meteo_Dir_bear 52560 47047 89.51 47042 89.50
meteo_Pa_avi . .
METEO _Pa_avg 52560 47047 89.51 47047 89.51
meteo_Ta_avg 52560 47047 89.51 47047 89.51
meteo_Ua_avg 52560 47047 89.51 47047 89.51
meteo_Rc 52560 47047 89.51 47047 89.51

Table 20. METEO availability
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Atmospheric pressure availability
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Figure 49. Bar chart for availability of atmospheric pressure.
Rain availability
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Figure 50. Bar chart for availability of rain.
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Figure 52. Bar chart for availability of air humidity.
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Air temperature availability
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Figure 51. Bar chart for availability of air temperature.
Air humidity availability
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Figure 54. Bar chart for availability of wind speed.
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Wind direction availability
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Figure 53. Bar chart for availability of wind direction.
Wind speed availability
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4.2.3. ADCP
: Possible Valid Syste_rp Valid Post—p_rocg;sed
Sensor Variable Data Data Availability Data Availability

(System) (%) (Postprocessed) (%)

ADCP_vcl 17520 17344 99.00 17307 98.78

ADCP_dcl 17520 17344 99.00 17307 98.78

ADCP_vc2 17520 17344 99.00 17340 98.97

ADCP_dc2 17520 17344 99.00 17340 98.97

ADCP_vc3 17520 17344 99.00 17336 98.95

ADCP_dc3 17520 17344 99.00 17336 98.95

ADCP_vc4 17520 17344 99.00 17335 98.94

ADCP_dc4 17520 17344 99.00 17335 98.94

ADCP ADCP_vc5 17520 17344 99.00 17291 98.69
ADCP_dc5 17520 17344 99.00 17291 98.69

ADCP_vc6 17520 17344 99.00 17258 98.50

ADCP_dc6 17520 17344 99.00 17258 98.50

ADCP_vc7 17520 17344 99.00 17239 98.40

ADCP_dc7 17520 17344 99.00 17239 98.40

ADCP_vc8 17520 17344 99.00 17155 97.92

ADCP_dc8 17520 17344 99.00 17155 97.92

ADCP_vc9 17520 17344 99.00 16477 94.05
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ADCP AVAILABILITY

: Possible Valid Syste_m Valid Postproc¢_a§sed
Sensor Variable Data Data Availability Data Availability

(System) (%) (Postprocessed) (%)
ADCP_dc9 17520 17344 99.00 16477 94.05
ADCP vcl0 17520 17344 99.00 16088 91.83
ADCP_dc10 17520 17344 99.00 16088 91.83
ADCP_vcll 17520 17344 99.00 15729 89.78
ADCP_dci1 17520 17344 99.00 15729 89.78
ADCP vcl2 17520 17344 99.00 15168 86.58
ADCP _dc12 17520 17344 99.00 15168 86.58
ADCP vcl3 17520 17344 99.00 14406 82.23
ADCP_dc13 17520 17344 99.00 14406 82.23
ADCP vcl4 17520 17344 99.00 13696 78.17
ADCP_dci14 17520 17344 99.00 13696 78.17
ADCP vcl5 17520 17344 99.00 13222 75.47
ADCP_dc15 17520 17344 99.00 13222 75.47
ADCP_vcl6 17520 17344 99.00 8962 51.15
ADCP_dcl6 17520 17344 99.00 8962 51.15
ADCP vcl7 17520 17344 99.00 14747 84.17
ADCP_dc17 17520 17344 99.00 14747 84.17
ADCP vcl8 17520 17344 99.00 15203 86.78
ADCP_dc18 17520 17344 99.00 15203 86.78
ADCP vcl9 17520 17344 99.00 17199 98.17
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ADCP AVAILABILITY

: Possible Valid Syste_m Valid Postproc¢_a§sed
Sensor Variable Data Data Availability Data Availability

(System) (%) (Postprocessed) (%)
ADCP_dc19 17520 17344 99.00 17199 98.17
ADCP vc20 17520 17344 99.00 10821 61.76
ADCP_dc20 17520 17344 99.00 10821 61.76
ADCP vc21 17520 17344 99.00 17252 98.47
ADCP_dc21 17520 17344 99.00 17252 98.47
ADCP_vc22 17520 17344 99.00 17080 97.49
ADCP_dc22 17520 17344 99.00 17080 97.49
ADCP_ADCPtemp 17520 17344 99.00 17344 99.00
alti ADCPlevelA Avg 17520 15412 87.97 15412 87.97

Table 21. ADCP availability
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Distance between seabed and surface availability
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Figure 55. Bar chart for availability of altimeter distance.
Surface water temperature availability
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Figure 56. Bar chart for availability of surface water temperature.




HESSELD Code EOLHSS9
e Ios Date 22/06/2022
Version 05
FLOATING LIDAR SOLUTIONS FINAL DATA REPORT
Page 70 de 190
Current velocity availability (cell 1)
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Figure 57. Bar chart for availability of current speed at cell 1.
Current velocity availability (cell 2)
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Figure 58. Bar chart for availability of current speed at cell 2.
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Current velocity availability (cell 3)
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Figure 59. Bar chart for av allability of current speed at cell 3.
Current velocity availability (cell 4)
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Figure 60. Bar chart for availability of current speed at cell 4.
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Availability (%)

Current velocity availability (cell 5)

Availability (%)
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Figure 61. Bar chart for availability of current speed at cell 5.
Current velocity availability (cell 6)
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Figure 62. Bar chart for availability of current speed at cell 6.
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Current velocity availability (cell 7)
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Figure 63. Bar chart for availability of current speed at cell 7.
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Figure 64. Bar chart for availability of current speed at cell 8.
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Current velocity availability (cell 9)
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Figure 65. Bar chart for availability of current speed at cell 9.
Current velocity availability (cell 10)
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Figure 66. Bar chart for availability of current speed at cell 10.
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Current velocity availability (cell 11)
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Figure 67. Bar chart for availability of current speed at cell 11.
Current velocity availability (cell 12)
100 E : __
80 -
S
< 60 |
=
©
T 40 i
Z
20 - -
0 | |
& & & R0 Na & & & & Rig Nilg
. T U o O U & N N R 0 L
R & ) ~ » N o o <8 o N &
> N 3 - QY Nas N O . . N o
A I N A A A - S A
X
Q‘?? @‘b VQ \‘\6\' N }& v.\)() %@Q OC} \;OA QQIG 5‘2?

‘-System Aval [Post-Processed Aval —System Aval 99.00% - - Post-Processed 86.58%‘

Figure 68. Bar chart for availability of current speed at cell 12.
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Current velocity availability (cell 13)
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Figure 69. Bar chart for availability of current speed at cell 13.
Current velocity availability (cell 14)
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Figure 70. Bar chart for availability of current speed at cell 14.
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Current velocity availability (cell 15)
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Figure 71. Bar chart for availability of current speed at cell 15.
Current velocity availability (cell 16)
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Figure 72. Bar chart for availability of current speed at cell 16.
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Current velocity availability (cell 17)
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Figure 73. Bar chart for availability of current speed at cell 17.
Current velocity availability (cell 18)
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Figure 74. Bar chart for availability of current speed at cell 18.
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Current velocity availability (cell 19)
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Figure 75. Bar chart for availability of current speed at cell 19.
Current velocity availability (cell 20)
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Figure 76. Bar chart for availability of current speed at cell 20.
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Current velocity availability (cell 21)
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Figure 77. Bar chart for availability of curren t speed at cell 21.
Current velocity availability (cell 22)
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Figure 78. Bar chart for availability of current speed at cell 22.




HESSELD Code EOLHSS9
os Date 22/06/2022
Version 05
LD/ EUTIC FINAL DATA REPORT
Page 81 de 190
Current direction availability (cell1)
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Figure 79. Bar chart for availability of current direction at cell 1.
Current direction availability (cell2)
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Figure 80. Bar chart for availability of current direction at cell 2.
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Figure 81. Bar chart for availability of current direction at cell 3.
Current direction availability (cell4)
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Figure 82. Bar chart for availability of current direction at cell 4.
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Figure 83. Bar chart for availability of current direction at cell 5.
Current direction availability (cell6)
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Figure 84. Bar chart for availability of current direction at cell 6.
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Current direction availability (cell7)
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Figure 85. Bar chart for availability of current direction at cell 7.
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Figure 86. Bar chart for availability of current direction at cell 8.
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Current direction availability (cell9)
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Figure 87. Bar chart for availability of current direction at cell 9.
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Figure 88. Bar chart for availability of current direction at cell 10.
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Current direction availability (cell11)
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Figure 89. Bar chart for availability of current direction at cell 11.
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Figure 90. Bar chart for availability of curr ent direction at cell 12.
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Current direction availability (cell13)
100 } —=
80 [ S N N N T T e e N
S
> 60 |
=
=
T 40 |
>
<
20 -
0 | |
o o N o N o o - o U g
v v v N v N% N N 0‘1« v v
¥ 2 3 '\,30 & ot oo <8 o 3 &
N N N N N N N N N H
S & (\q,& NS S L I &
& o G S o ) o & & & &
[l system Aval CPost-Processed Aval — System Aval 99.00% - - Post-Processed 82.23%)
Figure 91. Bar chart for availability of current direction at cell 13.
Current direction availability (cell14)
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Figure 92. Bar chart for availability of current direction at cell 14.
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Current direction availability (cell15)
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Figure 93. Bar chart for availability of current direction at cell 15.
Current direction availability (cell16)
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Figure 94. Bar chart for availability of current direction at cell 16.




HESSELD Code EOLHS$%9
os Date 22/06/2022
Version 05
LIDAR SOLUTIONS FINAL DATA REPORT
Page 89 de 190
Current direction availability (cell17)
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Figure 95. Bar chart for availability of current direction at cell 17.

Current direction availability (cell18)
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Figure 96. Bar chart for availability of current direction at cell 18.
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Figure 97. Bar chart for availability of current direction at cell 19.

Figure 98. Bar chart for availability of current direction at cell 20.
















































































































































































































































































































