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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 40: Acoustic characterization of marine energy converters

OADCA\ALAOD

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizationscom

ernational co-operation on all questions concerning standardization in the electrical and eléctronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Technical Specific

blication(s)”). Their preparation is entrusted to technical committees; any IEC National\Committee inte]
the subject dealt with may participate in this preparatory work. Internationakgovernmental ang
ernmental organizations liaising with the IEC also participate in this preparation/”/IEC collaborates ¢

eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
hsensus of opinion on the relevant subjects since each technical committee has representation fr
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N

blications is accurate, IEC cannot be held responsible~for/the way in which they are used or fi
Sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publid

ween any IEC Publication and the corresponding~national or regional publication shall be clearly indica

C itself does not provide any attestation, of conformity. Independent certification bodies provide conf
Eessment services and, in some areas, @ecess to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they hayve the latest edition of this publication.

brising

national electrotechnical committees (IEC National Committees). The object of IEC fis| to promote

ds. To
htions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to ag “IEC

rested

non-
losely
ed by

htional
bm all

htional
bf IEC
r any

ations

nsparently to the maximum extent possible in their national and regional publications. Any divelgence

ted in

ormity
br any

s and

mgmbers of its technical committees and IEC National Committees for any personal injury, property dampge or

other damage of any nature’ whatsoever, whether direct or indirect, or for costs (including legal fee

ex
Pu

Attention is drawn_to.the Normative references cited in this publication. Use of the referenced publicat
indispensable for.the ‘correct application of this publication.

Atf
pa

The
exce
specification when

benses arising out ofethe publication, use of, or reliance upon, this IEC Publication or any othd
blications.

ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights._|[EC shall not be held responsible for identifying any or all such patent rights.

maijn-/task of IEC technical committees is to prepare International Standard

5) and
r IEC

ons is

ect of

5. In

ptional circumstances, a technical committee may propose the publication of a tech

nical

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62600-40, which is a Technical Specification, has been prepared by IEC technical
committee 114: Marine energy — Wave, tidal and other water current converters.
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The purpose of this document is to provide uniform methodologies that will

INTRODUCTION

ensure

consistency and accuracy in the measurement and analysis of acoustical emissions from
marine energy converters. These systems include wave, current (tidal, ocean, and river), and
ocean thermal energy conversion. The document provides guidance on the measurement,
analysis, and reporting of acoustic emissions from marine energy converters and has been
prepared with the anticipation that it would be applied by:

Marine energy converter manufacturers striving to meet well-defined acoustic emission

performance requirements and/or a possible declaration system;

Purchasers of marine energy converters to specify such performance requirementss

Operators of marine energy converters who may be required to verify that,\state
rgquired, acoustic performance specifications are met for new or refurbishedqunits;

perators of marine energy test sites, who may be required to assess_conformity
pnsented acoustic levels at their sites;

bfine acoustical emission characteristics of marine energy cenverters in respon

O
c
Marine energy converter planners or regulators who must be able-o accurately and
d
enpvironmental regulations or permit requirements for new or modified installations.

The |methods and reporting requirements in this docdment ensure that conti
development and operation of marine energy converters i§ carried out in an atmosphe
consistent and accurate communication relative to environmental concerns.

d, or

with

fairly
5e to

huing
re of
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MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 40: Acoustic characterization of marine energy converters

1 Scope

This part of IEC 62600 provides uniform methodologies to consistently characterize theygound
proddyiced by the operation of marine energy converters that generate electricity,.including
wave], current, and ocean thermal energy conversion. This document does notcinelude the
chargcterization of sound associated with installation, maintenance, or decommissionipg of
thesg converters, nor does it establish thresholds for determining environméntal impacts.
Characterization refers to received levels of sound at particular ranges, depths,| and
orienfations to a marine energy converter. Informative Annex B provides guidance on
additjonal measurements that would be necessary to estimate source levels.

The gcope of this document encompasses methods and instrumentation to characterize sound
near [marine energy converters, as well as the presentation’,0f this information for uge by
regulptory agencies, industry, and researchers. GuidanceYis given for instrumenfation
calibfation, deployment methods around specific types of (marine energy converters, analysis
procgdures, and reporting requirements.

This [document is applicable to characterization>of sound from individual converters and
arrayls. This document primarily describes measurement procedures for individual convefters,
with extension to arrays discussed in informative Annex A.

2 Normative references

The following documents are referred to in the text in such a way that some or all of|their
contgnt constitutes requiremenis’ of this document. For dated references, only the edition
cited|applies. For undated réferences, the latest edition of the referenced document (including
any gmendments) applies.

IEC 60565, Underwater acoustics — Hydrophones — Calibration in the frequency range| 0,01
Hz tq 1 MHz

IEC 61108-4, Maritime navigation and radiocommunication equipment and systems — @Global
navigation satellite systems (GNSS) — Part 4: Shipborne DGPS and DGLONASS maifitime
radio| Beacon receiver equipment — Performance requirements, methods of testing| and
requitedtest results

IEC 61400-12-1, Wind energy generation systems — Part 12-1: Power performance
measurements of electricity producing wind turbines

IEC TS 62600-1, Marine energy — Wave, tidal and other water current converters — Part 1:
Terminology

IEC TS 62600-20, Marine energy — Wave, tidal and other water current converters — Part 20:
Design and analysis of an Ocean Thermal Energy Conversion (OTEC) plant — General
guidance

IEC TS 62600-100, Marine energy — Wave, tidal and other water current converters — Part
100: Electricity producing wave energy converters — Power performance assessment
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IEC TS 62600-200, Marine energy — Wave, tidal and other water current converters — Part
200: Electricity producing tidal energy converters — Power performance assessment

ISO 17208-1, Underwater acoustics — Quantities and procedures for description and
measurement of underwater sound from ships — Part 1. Requirements for precision
measurements in deep water used for comparison purposes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 62600-1 and the
folloing apply.

ISO and IEC maintain terminological databases for use in standardization at the-follawing
addrgsses:

o |BC Electropedia: available at http://www.electropedia.org/

e |30 Online browsing platform: available at http://www.iso.org/obp

3.1
acoufstic self-noise
soungd at a receiver caused by the deployment, operation, orsecovery of the receiver, and its
assoc¢iated platform

[SOYRCE: ISO 18405:2016, 2.1.1.5]

3.2
ambient noise
all sdund, except acoustic self-noise and sound associated with a specified signal

[SOURCE: ISO 18405:2016, 2.1.1.6, modified — Notes not relevant to this document [have
been|removed.]

3.3
flow4noise
non-acoustic pressure fluctuations measured by a pressure-sensitive instrument

Note 1 to entry: This is,sometimes referred to as “hydrodynamic noise”.

Note 4 to entry: Meuing water can also excite structures, causing them to radiate acoustic pressure, but [this is
categqrized as acq@ustic self-noise.

3.4
mean-square sound pressure spectral density
distri'Lution as a function of frequency of the mean-square sound pressure per unit bandwidth
of a sound having a continuous spectrum

Note 1 to entry: Mean-square sound pressure spectral density is expressed in units of pascal squared per hertz
(Pa?/Hz).

Note 2 to entry: For operational purposes, mean-square sound pressure spectral density is estimated as the
mean-square sound pressure in a finite frequency band divided by the frequency bandwidth. The averaging time
and frequency band shall be specified.

[SOURCE: ISO 18405: 2016, 2.1.3.13, modified — Notes 2, 4, and 5, which are not relevant to
this document, have been removed, as has the preferred formula.]

3.5

mean-square sound pressure spectral density level

ten times the logarithm to the base 10 of the ratio of the mean-square sound pressure
spectral density to the specified reference value, in decibels
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Note 1 to entry: Mean-square sound pressure spectral density level is the level of the power quantity mean-
square sound pressure spectral density.

Note 2 to entry: Mean-square sound pressure spectral density level is expressed in decibels.

Note 3 to entry: In underwater acoustics, the reference value of mean-square sound pressure spectral density
is 1 yPa2/Hz.

[SOURCE: ISO 18405:2016, 2.2.1.10, modified — Symbolic notation and formulas from the
definition and Notes 1 and 3 have been removed and Note 4 has been removed because it is
not relevant to this document.]

3.6
marihe energy converter sound pressure level
ten tijmes the logarithm to the base 10 of the ratio of the integrated mean-square gound
presqure spectral density over the measurement frequency range to the specified refefence
valug, in decibels

Note 1 to entry: Marine energy converter sound pressure level is expressed in decibels.

Note 4 to entry: The reference value is 1 yPa2 — see: mean-square sound pressure spectral density level.

3.7
decidecade sound pressure level
ten times the logarithm to the base 10 of the ratio of theiirdtegrated mean-square spund
pressure spectral density over a specified decidecadeXfrequency band to the spetified
refergnce value, in decibels

Note 1 to entry: The frequency ratio corresponding to a decideade (1 ddec) is 10%'. One decidecade (0,1dlec) is
equal fo 0,1 logx(10).

Note 4 to entry: Decidecade bands are defined in IEC 64260-1:2014 as “one-third octave bands”.
Note J to entry: Decidecade sound pressure leveliis expressed in decibels (dB).

Note 4 to entry: The reference value is 1 uPa > see: mean-square sound pressure spectral density level.

3.8
sound pressure
difference between instantaneous total pressure and pressure that would exist in the abgdence
of soind waves

Note 1 to entry: Sound pressure is expressed in pascals (Pa).

[SOURCE: 1SO,148405:2016, 2.1.2.1, modified — Notes 2, 3, 4, and 5, which are not relevant to
this dJocument; have been removed, the preferred formula has been removed, and it has |been
madg explicit'that this is an instantaneous quantity.]

3.9
self-noise
fluctuations in signal caused by the combination of acoustic self-noise and non-acoustic
self-noise

Note 1 to entry: An example of acoustic self-noise is hydrodynamic excitation of the sound measurement system
that generates propagating sound.

Note 2 to entry: An example of non-acoustic self-noise is electrical noise internal to the sound measurement
system electronics.

[SOURCE: ISO 18405:2016, 2.6.1.6, modified — Note 1, which is not relevant to this
document, has been removed and notes have been added with examples of acoustic self-
noise and non-acoustic self-noise.]
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4 Symbols and abbreviated terms

H,,

m

significant wave height
energy period

mean-square sound pressure spectral density level

L
Lp e decidecade sound pressure level
L

pmeEc Marine energy converter sound pressure level

WEC wave energy converter

5 Qutline of method

Meadurements of underwater sound around marine €nérgy converters (MECs) are under

to ch
utilizi

mean-square voltage spectral density

mean-square sound pressure spectral density

current energy converter
marine energy converter

C  ocean thermal energy converter

annual energy production

aken

aracterize MEC sound. This document focuses on measurements of underwater gound
ng hydrophones, which are sensitive tofluctuations in acoustic and non-acqustic

presgure. Deployment mechanisms to minimizeé measurement contamination by non-acqustic

press

ure fluctuations are given for each class of MEC, specifically current energy convgrters
(CE(s), wave energy converters (WECs), and Ocean Thermal Energy Conversion (O

TEC)

systems. These measurements are complemented by contextual observations of metdcean

cond

tions, sound speed profiles, and MEC operation (e.g., rated capacity, annual e

nergy

proddiction (AEP)). The acoustic. frequencies of interest for these measurements coincidg with

those

soun

spec
demd
comn
all cq
operas
MEC

ication. Eor-example, a Level B characterization might be sufficient for a prot
nstration~6f a MEC, whereas as Level A characterization might be more suitable
nercial.deployment. For both levels of characterization, analysis requires identifying,
bllected acoustic samples, a sufficient valid set at specified marine energy cony
tiohal conditions and spatial positions. Measurement procedures for the three class

of aquatic species, extending from a few Hz to over one hundred kHz. Two levels of
characterization are described: Level A characterization describes the temporal and s
chargcteristics of MEC sound. Level B characterization describes the characteristics of

patial
MEC

H at reduced temporal and spatial detail. Both levels utilize the same instrumentation,
analysis, and reporting./ “Level B” characterization is included within the document to pr
a chhanism far “-reduced-effort reconnaissance surveys to be compliant with

bvide
the
btype
for a
from
erter
es of

are surmarized i Tapte 1
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WEC (7.4) CEC (7.5) OTEC (7.6)
Level A Level B Level A Level B Level A Level B
Acoustic measurements
Default low- 10 Hz (7.3.2)
frequency limit
Default high- 100 kHz (7.3.2)
frequency limit
Measurement Fixed Fixed or Fixed or Drifting Drifting
plafform Drifting
Sea states Any sea Currents Currents e Rated Rated
corresponding  state that corresponding corresponding capacity capacity
Tetporal extent to 50 % of AEP results in at to 0 %, 25 %, to 100 % of
P or 6 months of least75% 50 %, 75 %, rated capacity * ldle power
measurements of rated and 100 % of
capacity rated capacity
e Two in-line  Onein-line Four zones Upstream or  Fourzones  Any of the
with downstream bracketing four zorles
dominant * Upstream zone plant in bracketing
Spatial extent wave o Downstream ordinate plant in
direction directions ordinatg
Port directions
e One offset *
e Starboard
Refuired data for 20 valid acoustic 10 valid acoustic measurement 20 valid acoustic
eag¢h combination measurement sequences sequences_(8.5.6) measurement sequenckes
of femporal and (8.5.5) (8.5.7)
spatial extent
Contgxtual measurements
Solnd speed 6.3.5 6,35 6.3.5
prdfile
Cufrent 6.3.4 (Grade 2) 6.3.4 (Grade 1) 6.3.4 (Grade 2)
Wgve 6.3.3 (Grade 1) 6.3.3 (Grade 2) 6.3.3 (Grade 2)
Wind 6.3.2 (Grade 2) 6.3.2 (Grade 2) 6.3.2 (Grade 2)
MHEC 6.3.6 6.3.6 6.3.6
Valid [sequences are those Sequences that do not include obvious contamination by flow-noise, self-hoise,

anthrd

pogenic sources, or biological sources.

6

6.1

hstrumeéntation

Sound measurement system

6.1.1

General

The term “sound measurement system” refers to the complete instrumentation system
consisting of the sensitive elements (also known as the “hydrophone”), signal conditioning
stages (including gain and filters), acquisition (analog to digital conversion), communication,
transmission, and data storage. This term applies to systems where these components are
closely integrated as a single package by a manufacturer, as well as discrete components
from one or more manufacturers assembled into a system.

NOTE The signal is defined here as the time-varying voltage.
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6.1.2 Frequency range

The default frequency range is 10 Hz — 100 kHz. This frequency band is selected to cover
most of the frequencies that may be audible to aquatic life, with the recognition that this may
be adjusted to satisfy case-specific regulatory requirements.

Conditions under which it is allowable to increase the low-frequency limit and change the
high-frequency limit in the absence of case-specific regulatory requirements are described
in 7.3.2.

The frequency range applies to all components of the sound measurement system (i.e., from
hydrgphone to recording device).

6.1.3 Sensitivity and dynamic range

The pound measurement system should have sufficient sensitivity and dynamic range to
meadqure ambient noise exceeding typical sea-state 1 conditions up texmaximum Ievels
receiyed by the MEC without saturating. Combined receiving voltage sefsitivity and amplifier
gaing should be between -165 dB to -145 dB re 1 V/pPa for 16-bitsystems. Combined
sensitivities between -180 dB to -145 dB re 1 V/uPa should becacceptable for higher bit
depths.

The hon-acoustic self-noise mean-square sound pressure spéctral density level shou|d be
less than 55 dB re 1 yPa2/Hz for frequencies between 100Hz-1 000 Hz.

To establish the non-acoustic self-noise, an air-sidé test of the sound measurement system
should be conducted in a relatively quiet environment where the hydrophone is isolated|from
vibrations (e.g., wrapped in foam in a laboratory’setting). The mean-square sound pressure
specfral level may be calculated as for in-wateracoustic measurements (8.5.2).

6.1.4 Hydrophone directionality

The hydrophone response should beyomnidirectional in the horizontal plane to +5 dB over the
specified frequency range. There is not a similar requirement for vertical directionality] The
sounfl measurement system should be assembled in such a way as to minimize additional
horizpntal directionality and minimize the impacts of vertical directionality.

6.1.5 Data acquisition and playback system

The |data acquisition, recording, processing, and display system should be capable of
accurately acquiring, recording, processing, and displaying data from the hydrophone(s) in
accordance with 1ISO 17208-1.

The Tnalog-to-digital conversion system should be at least 16-bit.

NOTE A higher bit depth will allow a more sensitive hydrophone to be used without saturating at maximum
received levels around a MEC.

Such systems may comprise tape recorders, computer-based data acquisition systems, or
hardware-specific devices (such as spectrum analyzers) or combinations of such. The data
acquisition system should have an appropriate sampling rate following Nyquist requirements
and appropriate dynamic range for either analog or digital systems.

6.1.6 Calibration

During acoustic measurements of marine energy converters, the complete sound
measurement system should be calibrated immediately before and after the measurement
session at one or more frequencies using an acoustical calibrator on the hydrophone in
accordance with IEC 60565. The calibrator should, itself, be calibrated at least every 24
months.
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Because hydrophones are a critical component of the measurement system, hydrophone
calibration values should be provided by a calibration laboratory or by the manufacturer, and
not merely be indicative or nominal values indicated by the manufacturer’s design
specification. The hydrophone calibration should be over the specified frequency range and
conducted in accordance with IEC 60565 with the exception that the calibration should be
updated every 24 months (rather than 12 months). The calibration should also be updated if
the acoustical calibrator indicates a change in sensitivity of more than 5 dB.

NOTE |IEC 60565 allows for multiple methods of calibration, including in-air methods for lower frequencies.

If it is impractical to test the entire sound measurement system (e.g., data acquisition system
poweredbya-localgrid-that cannot berecreated-in-alaborato setting)—iH-is—acceptable to
provife justification and clear reasoning why the entire sound measurement system wa
testefd, along with an assessment of the implication for measurement accuracy.

If thg data acquisition system is not integrated with the hydrophone, then pioper operation
should be verified in a laboratory setting at least every 24 months.

6.2 | Deployment platforms for sound measurement systems
6.2.1 Fixed platforms
6.2.111 General

“Fixed” deployment platforms generally constrain the movément of the acoustic measurgment
system in response to metocean forcing, such that their average spatial position doep not
change in time.

The advantage of fixed platforms is their persistence at a specific location over long pdriods
of time, which is a particularly useful attribute-for acoustic measurements around wave energy
converters.

The disadvantage of fixed platforms-is that it is possible for relative velocity to deyelop
betwgen the hydrophone and surreunding water (e.g., wave orbital velocities in water that is
shallpw relative to the wavelength), which will produce flow-noise contamination.

It is pllowable to introduce compliant elements that decouple the hydrophone element|from
platfgrm vibration, including vibration transmitted through the seabed. It is also allowable to
introduce compliant elements that allow the hydrophone to move in response to wave orbital
motign. If compliance’is introduced between the hydrophone and the fixed anchor point,|then
the maximum vertical and horizontal displacement relative to a neutral position shgll be
estimated and.reported.

6.2.112 Establishing platform location

If th fll\cd P:dtfullll ;D dcpluycd by [=} oLufauc VUDDU:, ItD :uuat;un \SAN] thc ocabcd ohuu d be
confirmed by an IEC 61108-4 compliant Global Navigation Satellite System (GNSS) co-
located with the deployment system and the line angle should minimized during deployment.

If the fixed platform is deployed by divers, its position on the seabed should be estimated with
an accuracy of at least £+10 m.

NOTE Because the minimum separation distance between a fixed platform and a MEC is 100 m (7.4.4 and 7.5.4),
a positioning error of 10 m would be expected to contribute to a propagation loss uncertainty on the order of 1 dB.

6.2.2 Drifting platforms
6.2.2.1 General

“Drifting” deployment platforms are generally unconstrained in response to external forcing,
including metocean forcing, buoyancy engines, and thrusters, such that their average spatial
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position changes in time. Drifting platforms includes systems with surface expressions
(e.g., spar buoys) and fully submerged platforms (e.g., floats, autonomous underwater
vehicles).

The advantage of drifting platforms is that they can be configured to minimize relative motion
between the hydrophone and surrounding water, which minimizes flow-noise contamination.

The disadvantages of drifting platforms are:

a) they cannot be used to collect long-term data at a single location,

b) such platforms can still produce acoustic self-noise or contribute to flow-noise

contamination,

c) tHeir trajectory cannot be controlled, such that data collection may require & ‘tria| and
efror” approach, and

d) there is a risk of entanglement with a MEC.

If a drifting platform supports external forcing capabilities (i.e., propulsion), these sh3all be
disabled during acoustic measurement sequences to limit self-noise production.

6.2.2(2 Establishing platform location

If the drifting platform has a surface expression, it should,be‘€quipped with an IEC 61108-4
compgliant Global Navigation Satellite System (GNSS).

If the drifting platform is fully submerged in operation, a combination of an acqustic
positljoning system and dead reckoning that yields an accuracy of at least +3 m ip the
horizpntal and vertical directions shall be used:to track location. The details of the me¢thod
used|to establish position should be summarized and reported, including the type of system,
operating frequency, and details sufficient” confirm that use falls within manufagturer
specifications.

For measurements around WECs and OTEC plants, the position shall be stored with an
acquisition rate of at least 1 Hz.

For measurements around €ECs, the position shall be stored with an acquisition rate |of at
least|5 Hz.

NOTE| This difference is to account for the faster speed over ground encountered in drifting measurements ground
CECs|

6.2.2(3 Establishing hydrophone location

For driftingyplatforms with a surface expression, differential forcing on surface and subsufface
elements/may result in a meaningful average displacement between the hydrophone elgment

Moo

and GNSS:

If a displacement of more than 3 m is not physically possible, then the hydrophone location
may be assumed to be the same as the platform location.

If a displacement of more than 3 m is possible, then the offset between the hydrophone
location and the surface expression should be estimated. Allowable methods include
correction by combinations of inertial measurement units and pressure sensors, as well as
electromagnetic positioning systems and acoustic positioning systems. The method used to
establish hydrophone position shall be summarized and reported in sufficient detail to confirm
that it is likely to produce a position accuracy of at least +3 m.
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6.2.3 Flow-noise and self-noise minimization

Fixed and drifting platforms may experience flow-noise and self-noise that masks the
propagating sound produced by MECs. At present, there are neither benchmark systems nor
specific procedures that can be used to quantify flow-noise and self-noise in sound
measurement systems suitable for measuring sound around MECs.

Sound measurement systems that produce high-amplitude flow-noise and/or self-noise will be
unable to characterize MEC sound at some frequencies, which may lead to an over-estimate
of MEC sound. Consequently, it is desirable to minimize flow-noise and self-noise to the
extent possible. Treatment of self-noise and flow-noise noise are discussed in 8.5.

Recommended approaches to minimize flow-noise are given in Annex C and recommended
approaches to minimize self-noise are given in Annex D.

6.3 Contextual measurements
6.3.1 General

SimuJtaneous observations of metocean currents (winds, waves, and currents), sound gpeed
profiles, and MEC output can provide useful context for\ acoustic measurements.
Instrymentation and measurement specifications for metocean Observation are separated into
two dgrades:

e (Qrade 1 observations are quantitative descriptions of metocean conditions central to|MEC
operation (e.g., the wave environment for a WEC):

e (rade 2 observations are qualitative descriptions of metocean conditions that may affect
MEC operation or the accuracy of acoustic measurements.

The grades are summarized by MEC type inxTable 2.

The o¢ption for qualitative observations.6f some metocean conditions is intended to minjmize
the qost and complexity of acoustic Characterization. These are minimum requiremerts; if
Grade 1 observations are availablej.they should be reported for all types of MECs.

Table 2 —(Minimum measurement grades for metocean
obseryations by category of marine energy converter

WEC CEC OTEC
Wind Grade 2 Grade 2 Grade 2
Wave Grade 1 Grade 2 Grade 2
Current Grade 2 Grade 1 Grade 2

6.3.2 Winds
6.3.2.1 Grade 1
Grade 1 measurements of wind speed are optional for all MECs included in this specification.

The wind speed should be measured using an anemometer during the time period over which
the acoustic measurements are performed. The minimum data collection requirements for an
anemometer are:

e record a continuous time series of wind speed and wind direction;

e record data with a minimum sampling frequency of 1 Hz;

e record time-stamped data;

e record wind speeds with a maximum deviation of 1 m/s from the calibration values; and
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e record winds directions within 10 degrees of the calibration values.
Any measurements collected should adhere to the following:

e the anemometer should be at an elevation of at least 0,5 m above the sea surface and the
actual elevation relative to the mean sea level or other meaningful vertical reference
should be reported,;

o the anemometer should not be shadowed by any structure to which it is mounted; and

e the geographic position of the wind speed measurements should be at a location
representative of the MEC location. That is, whether land- or ship-based, the anemometer
shauld be unabstriucted and unaffected hy fnpngraphi(‘al features would affect local wind

speed measurements.

The |anemometer should be calibrated at least every 12 months, in (accordance
with |[EC 61400-12-1.

The fpollowing information about the anemometer should be summarized and\reported:

o tHe anemometer type;

e tHe inherent uncertainty for the anemometer given the data“collection parametery and
processing/reporting period;

e anpd details on the anemometer calibration.
6.3.2|2 Grade 2

For drifting measurements, the wind speed should ‘te qualitatively assessed during the| time
period over which the acoustic measurements ,are*performed using the Beaufort wind fforce
scald. For fixed measurements, neither a qualitative nor a quantitative assessment of|(wind
speed is required.

6.3.3 Waves
6.3.3|1 Grade 1

The [wave measuring instrument should comply with the specifications and calibfation
protocols given in |IEC TS\62600-100:2012 (Clause 7) and be capable of making Wwave
meagurements over the same period as the acoustic measurements.

The following information about the wave measuring instrument should be summarized and
repoited:

e the wave'measuring instrument device type;

o tHe uncertainty in the wave height and direction given the data collection parameters;|and

e details on the instrument calibration

6.3.3.2 Grade 2

The sea state should be qualitatively assessed by an observer during the time period over
which the acoustic measurements are performed.

6.3.4 Currents
6.3.4.1 Grade 1

The current measuring instrument should comply with the specification, calibration, and
deployment protocols given in IEC TS 62600-200:2013 (Clauses 7 and 8) and be capable of
making current measurements over the same period as the acoustic measurements.
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The following information about the current measuring instrument should be summarized and
reported:

e the current measurement device type;

o the uncertainty in the current velocity and direction given the data collection parameters;

a

nd

e details on the instrument calibration.

6.3.4

.2 Grade 2

For drifting measurements, the current speed should be qualitatively assessed by an observer

durin

g the time period over which the acoustic measurements are performed. For

fixed

meagurements, neither a qualitative nor a quantitative assessment of current_speed is

requi

6.3.5

Soun
cond

colle

sampling rate and cast speed should yield this resolution).

The i

—_

—_

S

The i

instryment type and details of calibration"should be summarized and reported.

6.3.6
6.3.6

Marinje energy convertérsoutput may be related to the magnitude and frequency of ¢
produced. As such, eutput should be measured during acoustic measurements.

6.3.6
WEC

that {
docu

6.3.6

red.

Sound speed profiles

tted in a manner that allows for a resolution of at least\1’m (i.e., the combinati

hstrument should have uncertainties correspondingdo less than:

m/s for instruments directly measuring the sound speed;

m in depth (or 10 kPa), 0,25 °C, and 50™yS/cm (or practical salinity 0,5) if the §
beed is calculated based on measurements on the depth, temperature, and salinity.

hstrument used to obtain the profilesishould be calibrated at least every 12 months

Marine energy converter output

1 General

2 Wave. energy converters

output-should be measured as specified by IEC TS 62600-100:2012 (Clause 8). V|
roduce power outside the scope of IEC TS 62600-100 are also outside the scope d
ment.

d speed profiles should be measured during periods representative, 6f the environmental
tions at the site over the duration of the acoustic measurementssFhe sound speed can
be ¢ither measured directly using a time-of-flight instrumeént or calculated
meas

Lising

urements of the depth, temperature, and salinity. Sound speed measurements should be

bn of

ound

The

ound

VECs
f this

3 Current energy converters

CEC output should be measured as specified by IEC TS 62600-200:2013 (Clauses 7 and 8).
CECs that produce power outside the scope of IEC TS 62600-200 are also outside the scope

of thi

6.3.6

s document.

4 Ocean thermal energy converters

OTEC plant output should be measured as specified by IEC TS 62600-20. OTEC plants that
produce power outside the scope of IEC TS 62600-20 are also outside of the scope for this

speci

fication.
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7 Measurements and measurement procedures

71 Metocean conditions
711 General

The minimum grade of measurement procedure required by MEC type is summarized in Table
2.

7.1.2 Winds

7.1.2[T— Grade 1

"2

Wind| speed and direction should be recorded simultaneously with acoustic measurement

7.1.2{2 Grade 2

Wind| speed should be qualitatively recorded using the Beaufort wind force’scale. If chgnges
in the qualitative wind speed or direction are observed during the measurement perioq this
should also be recorded and the time of the change noted.

7.1.3 Waves
7.1.3{1 Grade 1

The wave measuring instrument should comply with/the deployment protocols given i IEC
TS 62600-100:2012 (Clause 7). Information sufficiebt to estimate the significant wave height
(H,,0) and energy period (T,) should be recorded simultaneously with acoustic measurements.
Wav¢ measurements should be simultaneous with“acoustic measurements.

7.1.3{2 Grade 2

Wave conditions should be qualitatively assessed using the WMO scale for sea state (World
Meteprological Organization, 2004).) If changes in the sea state are observed during the
meaqurement period this should-also be recorded and the time of the change noted.

7.1.4 Currents
7.1.4/1 Grade 1

The ¢urrent measuring instrument should comply with the deployment protocols given in IEC
TS 62600-200./Information sufficient to estimate the current speed and direction as a furlction
of depth should be recorded simultaneously with acoustic measurements. Cudrrent
meagurements should be simultaneous with acoustic measurements and may be contirjuous
or dury-cycled.

7.1.4.2 Grade 2

Current speed should be qualitatively recorded as “quiescent”, “light”, “moderate”, or “strong”.
If changes in the current speed or direction are observed during the measurement period this
should also be recorded and the time of the change noted.

7.2 Potential sources of acoustic masking
7.21 General

The following noise sources may substantially mask MEC sound. Their time of
occurrence/presence should be noted if observations are available during acoustic
measurements. This information may be helpful during quality assurance review of collected
acoustic data (8.5.4).
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NOTE Such observations are unlikely to be available for Level A or Level B (fixed) characterizations of WECs.

7.2.2

Vessel noise

Nearby vessels have the potential to elevate noise at similar frequencies to MECs. If a vessel
is in visible range during tests, the type of vessel and range from the sound measurement

syste

m(s) should be recorded, if possible.

The use of an Automatic Information System (AIS) recorder is an effective, but not required,
method to obtain this information for many, but not all, types of vessels, including those
beyond visible range. Military, fishing, and recreational vessels are not required to operate

AIS b

7.2.3
The

eacons _but may produce significant sound

Biological noise sources

presence of any potentially vocal marine mammals or other sound-producing adg

specles (e.g., snapping shrimp), in the study area should be noted and-~the lowest

taxor

7.2.4

Preci
quali

7.2.5

Low-
the ty

7.2.6

Phys
obse

7.3
7.3.1

The

temp
soun
a seg

7.3.2

omic classification recorded.

Precipitation

pitation has the potential to elevate noise at frequencies greater than 1 kHz.

ative aspects of the precipitation should be noted (e.g., *heavy rain”, “light shower”)

Air traffic

blevation air traffic may contribute significantly €@ near-surface ambient noise. If pos
pe of aircraft and range should be recorded.

Physical sources

cal processes, such as breaking waves, may elevate sound and should be not
rvations.

Underwater sound from marine energy converters
Levels of characterization

bbjective of a Level A characterization is to quantify MEC sound across a ran
bral and spatial" scales. The objective of a Level B characterization is to quantify
 at a particutartime and point in space. A Level A characterization can be consider
uence of kevel B characterizations (see discussion in Clause 5).

Measurement frequency range

uatic
level

The

sible,

ed in

je of
MEC
bd as

The q

efault low-frequency limit for observations is 10 Hz. In the absence of specific regulatory

guidance, this may be increased to account for the modal cut-off associated with water depth
(Jensen et al. 2011) as:

c

iwfi-e ]

f‘lOW =

where

c is the speed of sound at mid-water (in m/s),

c, is the sound speed of the seabed, and

D is the water depth (in m).
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NOTE 1 It is possible that some types of MECs may produce sound at frequencies below 10 Hz (e.g., the
frequency of blade passage on a CEC). Such sound would be expected to have limited effects on marine life and
would be difficult to measure in energetic environments.

The default high-frequency limit for acoustic observations should be 100 kHz. The sample rate
should be at least 256 kHz for data acquisition (2,56x the high-frequency limit) to provide
separation between the highest frequencies of interest (100 kHz) and the Nyquist
frequency (128 kHz).

The high-frequency limit may be reduced by identifying the highest-frequency sound
attributable to a MEC. Attribution of sound to a MEC is based on a comparison of the mean-
square sound pressure spectral density level recorded at specified range from the MEC to a
refergnce level.

The reference and MEC spectral density levels shall be obtained using the data_ collgction
methpds described in Clause 7 and analysis procedures described in Clause 8\ Observdtions
shall|be obtained under metocean conditions during which the MEC produces_at'least 50| % of
its rated capacity.

The neference level may be derived from either:

a) Alh asynchronous observation at the MEC deployment sites~in‘the absence of the MEC,
uhder equivalent metocean, anthropogenic, and biological/conditions.

b) Al synchronous observation at an acoustically similar lecation. This location shall Be no
more than 2 km from the MEC, have a water depth ,within 10 % of the MEC deployment
s|te, and have no material proximity difference(to: sources of ambient noise thaft are
o}

bservable at the MEC site.

The high-frequency limit may be reduced to the<frequency at which the MEC spectral dgnsity
level[never again exceeds 5 dB of the referenée spectral density level, plus 10 kHz.

The high-frequency limit may be increased to frequencies known to be used by maring life
(e.g.| harbour porpoises using frequencies between 125 kHz and 150 kHz) if:

c) The MEC is capable, or suspected, of producing sound in a frequency range higher|than
the high-frequency limit, and
d) Marine life using those frequencies are or have been observed in the area.

If thel high-frequency fimit is either reduced or increased, the recording rate shall be 2,5x the
high-frequency limit(

NOTE|2 While a‘teduction in the high-frequency limit may be applied to any type of MEC, it is most likely tq be of
use when fixed platforms are used to make acoustic measurements. Reducing the high-frequency limit may felp to
extend the deployment duration of fixed packages otherwise imposed by finite data storage capacity.

7.4 | Wave energy converters

7.4.1 WEC characteristics

WECs may produce intermittent or continuous sound through the motion of floats, power-take
off (e.g., generator, gearbox, electronics), and mooring systems. Some WEC designs may
also promote wave breaking, a source of broadband sound. Environmental and ecological
monitoring systems may also produce sound within the frequency range of interest.

Information about mechanisms on the WEC that could produce sound (e.g., pumps, bearings)
should be recorded.

This document applies to the measurement of underwater sound produced by WECs.
Measurement of air-side sound is not in scope.
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7.4.2 Sound measurement system deployment
7.4.2.1 Level A

Sound measurement systems shall be secured to a fixed platform such that the pressure-
sensitive element is at least 1 m above the seabed, but no more than one-half of the water
depth.

7.4.2.2 Level B

Sound measurement systems shall be deployed either as for a Level A characterization or
dep|rynr‘l from a driffing platform such that the pressure-sensitive element is at least 5 m

below the sea surface.

Durirlg a drift, the deployment vessel shall stand off at least 100 m from all drifting’ platforms
and disable all vessel systems that can radiate noise (e.g., engines, generators).

7.4.3 Temporal resolution
7.4.311 Level A

Meaqurements should be acquired over a range of sea states that account for at least 50| % of
AEP |(as defined by IEC TS 62600-100) or six months with @ measurement duty cycle [of at
least[50 %, whichever is shorter.

7.4.3{2 Level B

Meadqurements should be acquired at a sea statexduring which the WEC produces at [least
50 %|of its rated power.

7.4.4 Spatial resolution
7.4.4\1 General

All distances are in the horizontal plane, referenced to the geometric center of the WEC.

7.4.4/2 Level A

Three sound measurement systems should be deployed in any of the configurations illustrated
by Fjgure 1. For Option 1, two sound measurement systems should be parallel t¢ the
domipant wave direction on either the up-wave or down-wave side of the WEC and one sound
meagurement system perpendicular to the WEC. For Option 2, two sound measurelment
systems should be perpendicular to the dominant wave direction and one should be parallel.

The keparation distance between the closest sound measurement system and the WEC
shouldbe 100 m or four times the longest horizontal dimension of the WEC, whichever is

larger.

The separation distance between the in-line sound measurement systems should be the same
as the separation between the closer sound measurement system and the WEC.

The positioning accuracy of the sound measurement systems should be within 10 m of the
specification on both horizontal axes (e.g., 90 m to 110 m offset with £10 m lateral deviation).

If the specified deployment location conflicts with WEC mooring lines, it is allowable to rotate
the coordinate frame around the geometric center of the WEC to the minimum extent required
for safe deployment.
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Fixed Platforms #1-3 required for Level A characterization.

Fixed Platform #1 required for Level B characterization.

Figure 1 — Hydrophone orientation relative.to WEC

7.4.4/3 Level B

If a fixed platform is used, it should be deployed at eithér the location of Fixed Platform §#1 or
Fixed Platform #3 (Figure 1) using the same specifications as for a Level A characterizatipn.

If a drifting platform is used, valid samples shallcbe georeferenced within a bounding box 25 m
on edge, centered the location specified for Fixed Platform #1 in a Level A characterizatign.

7.4.5 Sound speed profiles

For fixed platforms, a water property. or sound speed profile should be obtained within 24 h of
the deployment and recovery of sound measurement systems.

For drifting platforms, a waten'property or sound speed profile should be obtained withjn 15
min gf the first and last deployments of the sound measurement systems on a given day.

In bgth cases, sound-speed profiles should be obtained from the surface to whicheyer is
shallpwer: within 5. m of the seabed or to 200 m depth, and obtained as close to the lodation
of Fixed Platform #1 as possible, within allowances for safety.

7.5 | Current energy converters

7.5.1 CEC characteristics

CECs may produce sound through the motion of blades or foils (including cavitation), as well
as powertrain components (e.g., generator, gearbox, electronics). Environmental and
ecological monitoring systems may also produce sound within the frequency range of interest.

Information about mechanisms on the CEC that could produce sound (e.g., thrusters, blade
pitch motors) should be recorded.

7.5.2 Sound measurement system deployment

Sound measurement systems may be deployed in a drifting or fixed configuration.

For drifting measurements, the pressure-sensitive element shall be at least 5 m below the
water surface, but not deeper than rotor hub height. It is allowable to reduce the depth of the


https://iecnorm.com/api/?name=79d87558b45d550316cde4678e810d9a

- 24 — IEC TS 62600-40:2019 © IEC 2019

pressure-sensitive element if a 5 m submergence would put the sound measurement system
at risk of collision with the CEC or seabed/riverbed.

During a drift, the deployment vessel shall stand off at least 100 m, in any direction, from all
drifting platforms and power down all vessel systems that can radiate noise (e.g., engines,
generators).

NOTE If the deployment vessel stand-off distance exceeds 300 m, it may be difficult to maintain visual contact
with the drifting platform.

For fixed measurements, the pressure-sensitive element shall be at least 1 m above the

b d bt o m-arae-than P~ bhalf th wiator-danth
sea PO oot o TIToTeorart OoTrre—rart thic wateT OC Pt

7.5.3 Temporal resolution
7.5.311 Level A

Meadqurement should be conducted during currents that result in .CEC power output
of 0 %o, 25 %, 50 %, 75 %, and 100 % of rated capacity.

If cutrents at a site do not exceed one of these values for more\than 10 % of a year] it is
allowjable to exclude this value (e.g., if currents at a site nésult in rated capacity being
achidved only 5 % of the time, then it is not required to make an acoustic measuremgnt at
100 % of rated capacity).

If currents do not drop below one of these values for.more than 10 % of a year, it is alloywable
to exclude this value (e.g., if currents at a site are‘below cut-in speed only 5 % of the [time,
then jt is not required to make an acoustic measurement at 0 % of rated capacity).

7.5.3{2 Level B

Meagqurements should be conducted during currents that result in CEC power output of 100 %
of rafed capacity.

If cufrents at a site do not exceed rated capacity for more than 10 % of the year,| it is
allowjable to make an acoustic' measurement at a current speed threshold that includes at
least|75 % of AEP (as defined by IEC TS 62600-200).

7.5.4 Spatial resolution
7.5.4|1 General

All distances.are in the horizontal plane, referenced to the geometric center of the CEC.

7.5.4/2 Level A

Valid samples shall be georeferenced within four zones: “upstream”, “downstream”, “port”,
and “starboard”. Drifting platform(s) should be released sufficiently far upstream of the zones
to allow the deployment vessel time to reach the required standoff distance and power down
noise-producing systems. This is likely to require a trial-and-error approach to the location
and timing of platform release.

It is allowable to exclude “port” or “starboard” zones if these are in water shallower than the
specified hydrophone depth in the “upstream” and “downstream” zones.

If there is a high likelihood that the acoustic measurement system could become entangled
with mooring lines or other support structures, it is allowable to exclude “port” or “starboard”
zones or adjust the centroid of any zone to the minimum extent required to mitigate
entanglement risk.
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NOTE 1 For tidal CECs, zones are referenced to the direction of the flood current, but may be populated on either
ebb or flood.

Each zone measures 25 m on edge and is offset from the CEC by 100 m, or four times the
longest dimension of the CEC rotor, whichever is smaller, as shown in Figure 2. For river
CECs, it is allowable to calculate upstream and downstream offsets along the dominant flow
streamline, rather than on the Cartesian grid shown in Figure 2.

NOTE 2 For a CEC with multiple rotors, the longest dimension of the CEC rotor is defined as the maximum linear
distance across a plane intersecting the swept area of the individual rotors.

Upstream zone

Dominant cuffrent
direction

A
€
_25m =
\i
£ B 100 m ’ 100 m —
© - >
N
A
Port zone CEC Starlyoard zone
€
o
=
\j

Downstream zone
IEC

For Level A characterization, measurements shall, be made in all four zones. For Level B characterigation,
measyrements shall be made in either the upstre@m or downstream zone.

Figure 2 — Zones for drifting CEC measurements

7.5.4{3 Level B

Valid| samples shall be georeferenced within either the “upstream” or the “downstream”|zone
specified for a Level Acharacterization.

7.5.5 Sound speed profiles

A water property or sound speed profile should be obtained within one hour of [each
deplgyment.of sound measurement systems. Sound speed profiles should be obtained|from
the surface to whichever is shallower: within 5 m of the bottom or to 200 m depth. For Level A
characterizations, sound speed profiles should be obtained as close to the “upstream”
measurement zone as possible, within allowances for safety. For Level B characterizations,
sound speed profiles should be obtained in the same zone as the acoustic measurements,
with similar allowances for safety.

7.6 Ocean thermal energy converters
7.6.1 Overview

OTEC plants may produce sound due to machinery, fluid flow through process piping, and
seawater flow through intake pipes, plant ducting and heat exchangers, and discharge pipes.
OTEC plants have large components, and are likely to be sited in deeper water than other
types of MECs.
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Information about mechanisms on the specific OTEC plant being characterized that could
produce sound should be recorded.

7.6.2

Sound measurement system deployment

Sound measurement systems shall deployed from a drifting platform such that the pressure-
sensitive element is at least 5 m below the water surface, but not deeper than the cold water
intake.

During a drift, the deployment vessel shall stand off at least 100 m from all drifting platforms
and disable all vessel systems that can radiate noise (e.g., engines, generators).
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Temporal resolution
1 General
ecommended that acoustic measurements be conducted at sea state’2) or lower (

) to minimize the contribution of wind and waves to the measurements:

2 Level A

5tic measurements should be obtained for two states: while)the plant is idle and w
brating at 100 % of rated capacity.

3 Level B

5tic measurements should be obtained while the plant is operating at 100 % of
City.

Spatial resolution

1 General
stances are in the horizontal'plane, referenced to the geometric center of the (
2 Level A
samples shall (be' georeferenced within four zones corresponding to the ord

ions referenced_to magnetic north: “north”, “south”, “east”, and “west”.

zone measures 25 m on edge and is offset from the OTEC plant by 200 m or four
ngest.dimension of the OTEC plant in the horizontal plane, as shown in Figure 3.
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For Level A characterization, measurements shall be made in all four zone§. -For Level B characterigzation,
measyrements shall be made in any single zone.

Figure 3 — Zones for drifting OTEC measuUrements

7.6.4/3 Level B

Valid| samples shall be georeferenced within angle single zone specified for a Leyel A
chargcterization.

7.6.5 Sound speed profiles

A water property or sound speed profile’should be obtained within 24 h of the deploymenit and
recoyery of acoustic measurement, systems. Sound speed profiles should be obtained|from
the sjurface to whichever is shallower: the seabed, 1 000 m depth, or the depth of thel cold
water intake. For Level A characterizations, sound speed profiles should be obtained ip the
“north” zone. For Level B characterizations, sound speed profiles should be obtained ih the
samg zone as the acousticc-measurements.

8 Data analysis(procedures

8.1 General

For the purposes of data analysis, an “acoustic measurement sequence” refers to eithgr the
extent.©f a drifting measurement that falls within the bounds of a specified “zone” or dgfined

duratiepforafixed measurement

8.2 Metocean conditions
8.2.1 Winds
8.2.1.1 Grade 1

Wind speed and direction should be averaged over the duration of each acoustic
measurement sequence.

8.2.1.2 Grade 2

For drifting platforms, a qualitative description of wind speed should be assigned to each
acoustic measurement sequence. No description of wind speed is required for fixed platforms.
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8.2.2 Waves
8.2.2.1 Grade 1

Significant wave height (H,,) and energy period (7,) should be assigned to each acoustic
measurement sequence on the basis of linear interpolation to the temporal midpoint of the
sequence from values calculated in accordance with IEC TS 62600-100.

8.2.2.2 Grade 2

A qualitative description of the sea state should be assigned to each acoustic measurement
Sequ once

8.2.3 Currents
8.2.3|1 Grade 1

Average current speed and direction at the turbine hub height should bé“assigned to |each
acoustic measurement sequence on the basis of linear interpolation tocthe temporal midpoint
of the sequence from values calculated in accordance with IEC TS 62600-200.

8.2.312 Grade 2
For drifting platforms, a qualitative description of current speé€d should be assigned to |each

acoustic measurement sequence. No description of current speed is required for |fixed
platfgrms.

8.3 | Sound speed profiles

propgrties. If sound speed is not measured-directly by a time-of-flight sensor, it should be
calculated based on measurements of*temperature, salinity, and depth according to
MacKenzie (1981). If measured or calculated sound speed measurements are at a vertical
resolltion greater than 1 m, these should be linearly averaged to a vertical resolution of 1 m
for rgporting purposes.

Upcaft and downcast measurements may be included in the calculation of seawater acqustic
I

For rfjver CECs, sound speed._profiles do not need to be measured or reported.

NOTE| Sound speed profiles.are not used within this technical specification. The collection and reporting pf this
informjation is intended to facilitate comparison between measurements of different sites and/or MECs, as well as
provide context for a discussion of the results.

8.4 | Marine-efiergy converter output

8.4.1 General

MEC| output, as a percentage of rated capacity, should be assigned to each acaqustic
measurement sequence on the basis of a linear co-temporal average of time-resolved MEC
output.

8.4.2 Wave energy converters

Time-resolved WEC output should be calculated in accordance with [IEC TS 62600-100.

8.4.3 Current energy converters

Time-resolved CEC output should be calculated in accordance with IEC TS 62600-200.

8.4.4 Ocean thermal energy converters

Time-resolved OTEC plant output should be calculated in accordance with IEC TS 62600-20.
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8.5
8.5.1

Underwater sound

General

The outcome of signal processing and review is a minimum number of valid acoustic
measurement sequences for each specified MEC operating state or metocean condition
described in Clause 7.

8.5.2

Acoustic signal processing

Time series of voltages recorded by the sound measurement system should be converted to

the fr

NOTE
Emery

The time series should be separated into 1 s windows, with each window overlapped by 5

NOTE|2 To diagnose the presence of short-duration transients or harmonics at highet_frequencies, it nj
helpfu|] to also process measurements at higher time resolution and coarser frequéncy bandwidth (e.g.,
windoyvs, resulting in 10 Hz bandwidth).
Prior{to application of the DFT algorithm, each window should be demeaned with a |
trend[ and weighted with a Hann taper.
The nesulting double-sided spectrum should be converted to single-sided.
The fesulting mean-squared voltage spectral density should be adjusted such that the
energy is equal to the variance in the time-donrain window. This can be verified b
formyla:

N S

2 2
vi= [ vidr
0

wherge
the lgft hand side of the formula is the variance in a voltage time series window,
Jmax |18 the maximum resolvable frequency (Nyquist frequency), and
2 |, .
Vf is the mean-squared voltage spectral density.

The mean-squate sound pressure spectral density level is related to the mean-square vo

auency domain usina a discrete Fourier transform (DET)
| J J \ 7

1 A description of this calculation process is available in many reference texts, for example, Thoms
(2014).

n and

0 %.

ay be
0,1 s

inear

total
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Itage

specfral density as:
(2 (72
L ,=10log,| ~L | dB=10log, | -~ | dB—(G, +5
oy = 1010g, | — =1vlog, | —7 _( 7T f)

P, v,
where
Gy is the frequency-dependent sum of amplifier gains,
Sy is the frequency-dependent receiving voltage sensitivity,
p,2 s the reference value of 1 pPa?/Hz,
pjz» is the mean-square sound pressure spectral density, and

is the reference value of 1 V2/Hz.
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If the frequency response of the sound measurement systems is within + 3dB over the
specified frequency range, then a single receiving voltage sensitivity may be applied to relate
the mean-square sound pressure spectral density level to the mean-square voltage spectral
density.

The decidecade sound pressure level is calculated as

where
f1 and £, are the limits of a specified decidecade frequency band.

The marine energy converter sound pressure level is calculated as

wherge

1 and £, are the low-frequency limit and high-frequency limit.

8.5.3 Geo-referencing of drifting acoustic measurements

S,

Lp,ddec = 1010glO J.(p/z’)df p02 dB
A

B,
L, ypc =10logy, J‘(pi)df p, | dB
h

The geographic location of each sample should.be geo-referenced by linear interpolatipn of

the mid-point of the sample to the hydrophone_ location time-series specified in 6.2.2.

8.5.4 Global sample acceptance critetria

The [following acceptance criteria _apply to all types of MECs. For efficient review| and
acceptance, it is recommended that'samples be sorted as required for specific MECs,|then

reviejed for MEC-specific acceptance and global acceptance.

Samples should be manually reviewed by visual inspection of the mean-square sound
presgqure spectral density\level as a function of time (i.e., a spectrogram), visual inspection of
hydraphone voltage,as_a function of time, and auditory review. Automatic review of sampjes is
allowable if automatic processes yield a false positive rate (i.e., an invalid sample that is

flagged as valid)*of'no more than 10 % relative to manual review by a trained operator.

Samples shall be excluded from further analysis if any of the following apply:

Thefield calibration of the sound measurement system indicates a change in sensitiViity of
more than 5 dB relative to the calibration values obtained over the Tull ifrequency range
(6.1.5)

Hydrophone voltage saturates;

A sample contains obvious non-MEC anthropogenic sound (e.g., vessel traffic, monitoring
equipment);

A sample contains obvious non-MEC biological sound (e.g., whale vocalization);

A sample contains obvious self-noise (e.g., acoustic self-noise from hydrophone mooring,
non-acoustic self-noise from the recording system);

During a drifting platform measurement, the deployment vessel was within 100 m of the
drifting platform or was operating systems that are likely to radiate noise;

During a drifting platform measurement, hydrophone position accuracy is likely to be
worse than 6 m;
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e During a drifting platform measurement, an acoustic positioning system is producing
sound; or

e During a sample any of the following malfunctioned: acoustic instrumentation,
instrumentation used to monitor MEC output, the MEC itself, or Grade 1 metocean
instrumentation.

NOTE The determination of whether or not a sample contains “obvious” non-MEC sound from anthropogenic,
biological, or self-noise is subjective. However, there is not yet a generally accepted approach to objectively
discriminating between MEC and non-MEC sound.

Samples containing flow-noise may be included in analysis, but the frequencies contaminated
by flow-noise shall be reported, as specified in Clause 9.

8.5.5 Considerations specific to wave energy converters
8.5.5[1 Level A

An ag¢oustic measurement sequence is a 30 s window of continuous samples:

Acoustic measurement sequences should be binned by significantCwave height (#,[|,) in
interyals of 0,5 m and energy period (7,) in intervals of 1 s in accordance with IEC TS 62600-
100.

=)

If at least 80 % of the samples in the acoustic measurement sequence are valid, the acqustic
meagurement sequence is considered valid.

A miTJimum of 20 valid acoustic measurement sequefices are required for each sea state bin.
Because sea states change slowly, all samples*in an acoustic measurement seqyence
average will have, nearly by definition, the same'sea state.

Each| set of continuous samples used toform an acoustic measurement sequence shall be
indegendent (i.e., samples may only be @member of one sequence).

8.5.5|2 Level B (fixed or drifting platforms)

Acouktic measurement sequences are defined and binned as for a Level A characterizatign.

For drifting measureménts, to be considered valid, in addition to the sample accepiance
criterja given in 8.54.samples shall be georeferenced within the bounding box specified in
7.4.4(3.

A mipimum o6f 20 valid acoustic measurement sequences are required that correspond| to a
singleé seastate that produces at least 50 % of WEC rated power.

8.5.5\3~" Flow-noise identification

For either fixed or drifting platforms, flow-noise has potential to mask propagating WEC sound
below a certain frequency. For each sea state bin, a flow-noise floor, below which flow-noise
is likely to mask propagating WEC sound, should be established.

For each bin, review the median mean-square sound pressure spectral density level for valid
acoustic measurement sequences. A sequence that is not contaminated by flow-noise may
have a relatively “flat” (i.e., constant sound pressure) spectrum below 100 Hz. If the sound
pressure increases monotonically with decreasing frequency, particularly with a slope
proportional to £5/3, this may be indicative of flow-noise contamination.

The probable flow-noise limit for the sound measurement system should be noted for each
sea state bin.
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NOTE 1 Flow-noise can also be identified in a spectrogram of mean-square sound pressure density level by a
periodic elevation in sound pressure at a similar period to the wave energy period (7).

NOTE 2 For fixed hydrophones, if linear wave theory predicts peak orbital velocities greater than 0,3 m/s at
hydrophone depth, then flow-noise is likely to be present at frequencies below 100 Hz, particularly if the fixed
platform does not have any compliance between the anchor point and hydrophone or include a flow-shield.

NOTE 3 Because a “non-flat” spectrum below 100 Hz could also be associated with sound production by the MEC
at this frequency, flow-noise will be most easily identified by comparing measurements between the MEC site and a
reference location (see 7.3). If both the reference and MEC measurement have similar co-temporal mean-square
sound pressure spectral density levels at low frequencies, this is likely indicative of the flow-noise threshold.

8.5.6 Considerations specific to current energy converters

8.5.6{1 General

For GECs, each sample is considered an acoustic measurement sequence.

Acoustic measurement sequences should be binned according to position (i.e?,; zone) ahd to
CEC |output as a percentage of rated CEC power. The bin width for the power rating is|+ 10
percgntage points (e.g., for the bin corresponding to 50 % of rated CEGC,power, sampleg with
an ingtantaneous rated capacity of 40 % to 60 % of CEC rated capacity-would be allowable).

To be considered valid, in addition to the sample acceptance criteria given in 8.5.4, acqustic
meadqurement sequences shall be georeferenced within a bounding box specified in 7.5.4

If thel current measuring instrument used to collect simultaneous current conditions opefated
contipuously at a carrier frequency within the frequency range for acoustic measurements,
then |the mean-square sound pressure spectral defsity level over this range of frequepcies
may [pbe replaced by linear interpolation between:the nearest unaffected frequencies. |f the
currght measuring instrument operated intermittently, then samples contaminated by the
current measuring instrument should be flagged as invalid.

For ach combination of spatial bin and@ower rating bin, 10 valid samples are required.

8.5.6{2 Flow-noise identification

For gach CEC power state, review the median mean-square sound pressure spectral dgnsity
level|for valid acoustic measurement sequences. If the mean-square sound pressure sp¢ctral
dens|ty level increases_onotonically with decreasing frequency, particularly with a glope
propgrtional to £33, thiSymay be indicative of flow-noise contamination.

The probable flowsnoise limit for the sound measurement system should be noted for |each
CEC [power state.

NOTE| If, at closest point of approach to the current measuring instrument, the speed over ground of the drifting
platfoqm‘differs by more than 0,3 m/s relative to the measured currents at the depth of the pressure-sepsitive
elemeht flow-naise is likely to he present at frequencies below 100 Hz

8.5.7 Considerations specific to ocean thermal energy converters
8.5.7.1 General

An acoustic measurement sequence is as a 30 s window of continuous samples.

Acoustic measurement sequences should be binned according to position (i.e., zone) and
OTEC plant status (i.e., operating at rated capacity or idle).

To be considered valid, in addition to the sample acceptance criteria given in 8.5.4, samples
shall be georeferenced within a bounding box specified in 7.6.4.
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If at least 80 % of the samples in the acoustic measurement sequence are valid, the acoustic
measurement sequence is considered valid.

For each combination of plant status and position,

measurement sequences are required.

a minimum of 20 valid acoustic

Each set of continuous samples used to form an acoustic measurement sequence shall be
independent (i.e., samples may only be a member of one sequence).

8.5.7.2 Flow-noise identification

If mgasurements are conducted at sea state zero, quiescent currents, and low winds;
noisg should be negligible over the specified frequency range. If currents and/or winds.in
platfgrm motion, then flow-noise may be present.

The probable flow-noise limit for the sound measurement system should besnoted for
OTEC plant status.

8.5.8 Aggregate statistics

For dach combination of temporal bin (e.g., sea state, MEC power state) and spatial bin
zone), the following should be calculated from the samples ¢hat make up the valid acg
meadqurement sequences:

9

9.1

Median and the interquartile range (25t and 75th percentile) mean-square sound pre
spectral density levels. These statistics should b@ ealculated from the mean-square s
pfessure spectral densities of the samples andreported as levels, in dB, as

(Es )= 10108, R(?)f >/ (?)f:| ®

here the brackets denote a statistical operator (i.e., median, percentile).

should be calculated fromithe mean-square sound pressure spectral densities
samples and reported as\levels, in dB, as

S,
<Lp,ddec>:1010g10 J-(p,zf)df pj dB
i

where f~and f, are the limits of the decidecade frequency band.

W
Median and interquartile decidecade sound pressure density levels. These stacflifstics

flow-
duce

each

ssure
ound

the

Medianand interquartile MEC sound pressure levels. These statistics should be calc

lated

fromthe mean-square sound pressure spectral densities of the samples and reported as

levels, in dB, as
Sy
<Lp,MEC> =10log,, _[(p;zf )df pj dB
h

where f| and f, are the frequency range specified in 7.3.2.
Information to be reported

Sound measurement system

The following should be reported:
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Narrative description of the sound measurement system, including the make and model of
all components, the median water depth of the pressure sensitive element, and measures
taken to minimize flow-noise and self-noise. If a flow-shield has been used to reduce flow-
noise, the effect of the flow-shield on propagating sound and sound measurement system
self-noise shall be quantified.

Annotated schematic of the sound measurement system.
Sample rate and duty cycle for sound measurement system.

Narrative discussion of the low-frequency limit and high-frequency limit for analysis,
including a justification for deviation from the standard range of 10 Hz to 100 kHz.
Narrative—deseription—ef—any—abrormalperfermance—ofthe—sound—reasuremen ystem
(8.g., early shutdown, data acquisition errors, mooring displacement for fixed platformis).

Details sound measurement system sensitivity, directionality, and calibrationinclud
sfatement of compliance with IEC 60565 for calibration.

ng a

Clpmparison of field calibration of the sound measurement system with”the refefence
alibration value and a statement of compliance with IEC 60565 for.the  field calibnation
stem.

statement verifying that non-acoustic self-noise sound pressure spectral density Ipvels
e below requirements established in 6.1.3.

4 9> 00

he frequency bandwidth of the mean-square sound pressure-spectral density.

Marine energy conversion system

Narrative description of the MEC, with emphasis' on components of the MEC that aremost
likely to contribute to propagating sound.

Details of the system used to measure the power output of the MEC during tests.

Measurement site

NErrative description of thelsite.

rrative description,_of other nearby sound sources that could possibly contribute to
rgceived levels (e.gs-other MECs, vessel traffic, airports, and shoreline development) and
a| narrative discussion of the extent to which these sounds are likely present in the
measurement sequences

Schematic showing the MEC, location of acoustic measurements (actual deployment
Igcation  for " fixed platforms or perimeter of bounding boxes for drifting platforms),
bathymetry, and any other acoustically relevant features (e.g., location of mooring
limes, buoys).

A b form—i ; i ; ; yustic
measurements (actual deployment location for fixed platforms or center of the bounding
boxes for drifting platforms), and any other acoustically relevant features included in the
preceding schematic.

Contextual measurements

The following should be reported:

Grade of wind, wave, and current observations and, if Grade 1, the details of the
instruments and configuration used to collect these observations.

Details of the instrument used to collect sound speed profiles.
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9.5 Specific reporting for wave energy converters

9.5.1 Level A

Sound velocity profiles measured during deployment and recovery of sound measurement
systems should be reported.

For each of the three spatial positions, the following figures should be produced using the
valid acoustic measurement sequences.

A grid with the median MEC sound pressure level shown, by color, for each bin defined by a
rangé of significant wave heights and energy periods. An example of this IS provide |r22)igure
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I?gg — Example grid of median MEC sound pressure levels

a function of significant wave height and energy period

e Algrid @he flow-noise frequency limit shown, by color, for each bin defined by a ange

of si ﬁijl ant wave heights and energy periods. This should mirror the format of Figyre 4.
A| diseussion should be provided of the potential effect of flow-noise on reported [MEC
SOUTTd-pressure feveltsas a functionm of sea state:

e A grid with the median electrical power output from the WEC shown, by color, for each bin
defined by a range of significant wave heights and energy periods. This should mirror the
format of Figure 4.

For each of the three spatial positions, for four discrete sea states corresponding to 25 %,
50 %, 75 %, and 100 % of rated WEC capacity (within £ 10 percentage points), the following
figures should be produced from the valid acoustic measurement sequences. If the
deployment duration did not include any sea states corresponding to these power capacities,
but otherwise satisfied the specifications for temporal observations, these figures may be
presented for four other, evenly distributed power capacities:

e A plot of the median sound pressure spectral density level with the interquartile range
(25th — 75t percentile) noted. An example of this is provided in Figure 5.
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Fijgure 5 — Example of median mean-square sound pressure spectral density lev
variations as a function of sea state for a singlé spatial position

e Ajplot of median decidecade sound pressure levels with the interquartile range notefl. An
example of this is provided in Figure 6.
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Figure 6 — Example of median decidecade sound pressure level
variations as a function of sea state for a single spatial position

An annex should be included that lists, for each valid acoustic measurement sequence:

e Date and time of the sequence mid-point, with time zone indicated.

e Spatial position (e.g., “Fixed Package #17).

e Significant wave height and associated bin.

e Energy period and associated bin.

e Median and standard deviation of WEC electrical power production during the sequence.

e Any relevant qualitative details about the sounds observed during the sequence.
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