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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 40: Acoustic characterization of marine energy converters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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

e 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 text of this Technical Specifications based on the following documents:

Draft TS Report on voting
114/297/DTS 114/307/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62600 series, published under the general title Marine energy —
Wave, tidal and other water current converters, can be found on the IEC website.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The purpose of this document is to provide uniform methodologies that will 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:

e Marine energy converter manufacturers striving to meet well-defined acoustic emission
performance requirements and/or a possible declaration system;
e Purchasers of marine energy converters to specify such performance requirements;

e Operators of marine energy converters who may be required to verify that stated, or
required, acoustic performance specifications are met for new or refurbished units;

e Operators of marine energy test sites, who may be required to assess conformity with
consented acoustic levels at their sites;

e Marine energy converter planners or regulators who must be able to accurately and fairly
define acoustical emission characteristics of marine energy converters in response to
environmental regulations or permit requirements for new or modified installations.

The methods and reporting requirements in this document ensure that continuing
development and operation of marine energy converters is carried out in an atmosphere of
consistent and accurate communication relative to environmental concerns.
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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 the sound
produced by the operation of marine energy converters that generate electricity, including
wave, current, and ocean thermal energy conversion. This document does not include the
characterization of sound associated with installation, maintenance, or decommissioning of
these converters, nor does it establish thresholds for determining environmental impacts.
Characterization refers to received levels of sound at particular ranges, depths, and
orientations to a marine energy converter. Informative Annex B provides guidance on
additional measurements that would be necessary to estimate source levels.

The scope of this document encompasses methods and instrumentation to characterize sound
near marine energy converters, as well as the presentation of this information for use by
regulatory agencies, industry, and researchers. Guidance is given for instrumentation
calibration, deployment methods around specific types of marine energy converters, analysis
procedures, and reporting requirements.

This document is applicable to characterization of sound from individual converters and
arrays. This document primarily describes measurement procedures for individual converters,
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
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

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

, Maritime navigation and radiocommunication equipment and systems — Global
navigation satellite systems (GNSS) — Part 4: Shipborne DGPS and DGLONASS maritime
radio beacon receiver equipment — Performance requirements, methods of testing and
required test 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 assessme@ocuments
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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
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1

acoustic self-noise

sound at a receiver caused by the deployment, operation, or recovery of the receiver, and its
associated platform

[SOURCE: ISO 18405:2016, 2.1.1.5]

3.2
ambient noise
all sound, 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
flow-noise
non-acoustic pressure fluctuations measured by a pressure-sensitive instrument

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

Note 2 to entry: Moving water can also excite structures, causing them to radiate acoustic pressure, but this is
categorized as acoustic self-noise.

3.4

mean-square sound pressure spectral density

distribution 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 sounmts&ments

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

marine energy converter sound pressure level

ten times the logarithm to the base 10 of the ratio of the integrated mean-square sound
pressure spectral density over the measurement frequency range to the specified reference
value, in decibels

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

Note 2 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 the integrated mean-square sound
pressure spectral density over a specified decidecade frequency band to the specified
reference value, in decibels

Note 1 to entry: The frequency ratio corresponding to a decidecade (1 ddec) is 10%'. One decidecade (0,1dec) is
equal to 0,1 logz(10).

Note 2 to entry: Decidecade bands are defined in |[EC 61260-1:2014 as “one-third octave bands”.
Note 3 to entry: Decidecade sound pressure level is 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 absence
of sound waves

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

[SOURCE: ISO 18405:2016, 2.1.2.1, modified — Notes 2, 3, 4, and 5, which are not relevant to
this document, have been removed, the preferred formula has been removed, and it has been
made 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,, significant wave height
T, energy period

Lp Y mean-square sound pressure spectral density level
Lp,ddec decidecade sound pressure level
L

pmeEc Marine energy converter sound pressure level
2 .
Vf. mean-square voltage spectral density

Py mean-square sound pressure spectral density

CEC current energy converter

MEC marine energy converter

OTEC ocean thermal energy converter
WEC wave energy converter

AEP annual energy production
5 Outline of method

Measurements of underwater sound around marine energy converters (MECs) are undertaken
to characterize MEC sound. This document focuses on measurements of underwater sound
utilizing hydrophones, which are sensitive to fluctuations in acoustic and non-acoustic
pressure. Deployment mechanisms to minimize measurement contamination by non-acoustic
pressure fluctuations are given for each class of MEC, specifically current energy converters
(CECs), wave energy converters (WECs), and Ocean Thermal Energy Conversion (OTEC)
systems. These measurements are complemented by contextual observations of metocean
conditions, sound speed profiles, and MEC operation (e.g., rated capacity, annual energy
production (AEP)). The acoustic frequencies of interest for these measurements coincide with
those 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 spatial
characteristics of MEC sound. Level B characterization describes the characteristics of MEC
sound at reduced temporal and spatial detail. Both levels utilize the same instrumentation,
analysis, and reporting. “Level B” characterization is included within the document to provide
a mechanism for reduced-effort reconnaissance surveys to be compliant with the
specification. For example, a Level B characterization might be sufficient for a prototype
demonstration of a MEC, whereas as Level A characterization might be more suitable for a
commercial deployment. For both levels of characterization, analysis requires identifying, from
all collected acoustic samples, a sufficient valid set at specified marine energy converter
operational conditions and spatial positions. Measurement procedures for the three classes of
MEC are summarized in Table 1.
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Table 1 — Summary of measurement procedures

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
platform Drifting
Sea states Any sea Currents Currents e Rated Rated
corresponding  state that corresponding corresponding capacity capacity
Temporal 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  Four zones  Any of the
with downstream bracketing four zones
dominant * Upstream zone plant in bracketing
Spatial extent wave o Downstream ordinate plant in
direction directions ordinate

Port directions
e One offset *

e Starboard

Required data for 20 valid acoustic 10 valid acoustic measurement 20 valid acoustic
each combination measurement sequences sequences (8.5.6) measurement sequences
of temporal and (8.5.5) (8.5.7)

spatial extent

Contextual measurements

Sound speed 6.3.5 6.3.5 6.3.5

profile

Current 6.3.4 (Grade 2) 6.3.4 (Grade 1) 6.3.4 (Grade 2)
Wave 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)
MEC 6.3.6 6.3.6 6.3.6

Valid sequences are those sequences that do not include obvious contamination by flow-noise, self-noise,
anthropogenic sources, or biological sources.

6 Instrumentation

6.1 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
hydrophone to recording device).

6.1.3 Sensitivity and dynamic range

The sound measurement system should have sufficient sensitivity and dynamic range to
measure ambient noise exceeding typical sea-state 1 conditions up to maximum levels
received by the MEC without saturating. Combined receiving voltage sensitivity and amplifier
gains should be between -165 dB to -145 dB re 1 V/pPa for 16-bit systems. Combined
sensitivities between -180 dB to -145 dB re 1 V/uPa should be acceptable for higher bit
depths.

The non-acoustic self-noise mean-square sound pressure spectral density level should be
less than 55 dB re 1 pPa2/Hz for frequencies between 100 Hz-1 000 Hz.

To establish the non-acoustic self-noise, an air-side 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
spectral level may be calculated as for in-water acoustic measurements (8.5.2).

6.1.4 Hydrophone directionality

The hydrophone response should be omnidirectional in the horizontal plane to +5 dB over the
specified frequency range. There is not a similar requirement for vertical directionality. The
sound measurement system should be assembled in such a way as to minimize additional
horizontal 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 analog-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 lea ver

Document Sharing Hub

Full document details: PD IEC TS 62600-40:2019


http://www.avadocuments.com/doc/pd-iec-ts-62600-40-2019
http://www.avadocuments.com/doc/pd-iec-ts-62600-40-2019

