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EXECUTIVE SUMMARY
This document summarizes the results of a study funded by the Innovation Centre of Transport
Canada (TC). Its objectives have been to characterize Underwater Radiated Noise (URN) from
echolocation sources used on commercial and recreational vessels, and to develop
recommendations for design and operational measures which may mitigate the URN impact on
marine mammals. This information, which is currently not readily available to policy makers and
regulators, will help TC prioritize further research and analysis related to underwater noise
reductions.
URN from various sources is an increasing concern. Echosounders and other echolocation devices
predominantly operate within the most sensitive portions of the toothed whale (odontocete)
hearing range, potentially creating stress and avoidance behaviours, interfering with foraging and
intra-species communication and even producing short term or permanent hearing loss. This is a
global issue, but the current work focuses on some examples in British Columbian waters off the
West Coast of Canada. Here, a number of odontocete populations such as the Southern Resident
Killer Whale (SRKW) are highly endangered with only 76 specimens known to remain. They
frequent mainly the southern area of the Salish Sea that is also host to a wide range of marine
activities, vessel traffic and the associated operation of echosounders and echolocation devices.
This report concludes that for echosounding and echosounder-based fish-finders the most
effective permanent mitigation measure would be the use of devices with at least one channel
operating in the 200+ kHz region with broadband (chirp, typically) waveforms, a high degree of
power control and the ability to deactivate lower frequency channels in the case of multifrequency devices. Operation in that regime would be imperceptible by marine mammals in most
cases. Such devices are already readily available at modest cost, and the market is also moving in
that direction due to their other advantages. They are capable of full compliance with IMO and
National performance requirements.
Much of the currently installed echolocation base used in commercial and pleasure fleets
operates only at lower frequencies or incorporates low frequency channels that may not be able
to be deactivated or sufficiently attenuated by operator control. The report identifies a range of
mitigation measures where such devices are in use, but further cost-benefit studies may be
required to support short and medium term actions.
A program of further interaction with manufacturers and users is also recommended, to highlight
these issues and further develop the operational and technical solutions in a manner that is
quickly and easily deployed across all fleets. Operator education could also be important in
encouraging the installation and retrofit of low-impact technologies.
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RÉSUMÉ
Le présent document présente les résultats d’une étude financée par le Centre d’innovation de
Transports Canada (TC). Cette étude visait à caractériser les bruits sous-marins transmis par
rayonnement provenant des systèmes d’écholocalisation utilisés par les bâtiments commerciaux
et les embarcations de plaisance, et à formuler des recommandations sur les mesures de
conception et d’exploitation susceptibles d’atténuer les répercussions des bruits sous-marins
transmis par rayonnement sur les mammifères marins. Ces renseignements, auxquels les
décideurs et les responsables de la réglementation n’ont pas facilement accès à l’heure actuelle,
aideront TC à établir l’ordre de priorité des recherches et des analyses ultérieures liées à la
réduction des bruits sous-marins.
Les bruits sous-marins transmis par rayonnement constituent une source de préoccupation
croissante. Les échosondeurs et autres systèmes d’écholocalisation fonctionnent principalement
dans les parties les plus sensibles de la plage auditive des baleines à dents (odontocètes), ce qui
peut créer du stress et des comportements d’évitement, interférer avec la recherche de
nourriture et la communication intra-espèce et même produire une perte auditive à court terme
ou permanente. Il s’agit d’un problème mondial, mais les travaux actuels portent sur certains
spécimens dans les eaux de la Colombie-Britannique au large de la côte ouest du Canada. Ici, un
certain nombre de populations d’odontocètes, comme l’épaulard résident du Sud (ERS), sont très
menacées, puisqu’il ne reste que 76 spécimens connus. Ils fréquentent principalement la zone
sud de la mer des Salish, où se déroulent également diverses activités de transport maritime,
lesquelles font appel à des échosondeurs et à des dispositifs d’écholocalisation.
Le rapport conclut que, pour les échosondeurs et les détecteurs de poissons utilisant des
échosondeurs, la mesure d’atténuation permanente la plus efficace serait l’utilisation de
systèmes ayant au moins une fréquence de fonctionnement dans la bande de 200+ kHz avec des
profils d’onde à large bande, un degré élevé de contrôle de la puissance et la capacité de
désactiver les fréquences plus basses dans le cas de systèmes multifréquences. L’utilisation des
appareils de cette façon serait imperceptible par les mammifères marins dans la plupart des cas.
Des dispositifs de ce type sont déjà offerts à un coût modeste, et le marché évolue également
dans ce sens, compte tenu des autres avantages qu’ils présentent. En effet, ces appareils peuvent
respecter pleinement les exigences de l’OMI et les exigences nationales en matière de rendement.
Bon nombre de systèmes d’écholocalisation actuellement installés à bord des bâtiments
commerciaux et des embarcations de plaisance fonctionnent uniquement à des fréquences plus
basses ou comportent des canaux à basse fréquence qui ne peuvent pas être désactivés ou
suffisamment atténués par les exploitants. Le rapport décrit une série de mesures d’atténuation
à prendre lorsque de tels appareils sont utilisés, mais d’autres études coûts-avantages pourraient
être nécessaires pour appuyer les mesures à court et à moyen terme.
On recommande en outre qu’un dialogue plus approfondi s’établisse avec les fabricants et les
utilisateurs afin de mettre en évidence ces problèmes et de développer les solutions
opérationnelles et techniques de manière à ce qu’elles soient rapidement et facilement déployées
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à bord de tous les bâtiments. La formation des exploitants pourrait également être importante
pour encourager l’installation et la mise à niveau de technologies ayant peu de répercussions.
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1 PURPOSE
Human-generated (anthropogenic) Underwater Radiated Noise (URN) from ships and other
sources is recognized as having many negative impacts on marine life. There is an increasing focus
on efforts to reduce these noise levels, particularly in environmentally sensitive areas.
Most URN from vessels is generated inadvertently, by energy “leakage” from machinery and by
the operation of propulsors. However, some is created deliberately, by devices such as
echosounders, fish-finding sonars, and other similar devices – military sonar being a long-standing
source of concern. These all use sound energy to determine the vessel’s surroundings in some
way; for example, to mitigate the risk of grounding or to choose where to deploy fishing gear.
The objective of this project is to characterize URN from echolocation sources used on commercial
and recreational vessels, and to develop recommendations for design and operational measures
which may reduce the amount of URN generated by marine vessels and the impact on marine
mammals. This information, which is currently not readily available to policy makers and
regulators, will help Transport Canada (TC) prioritize further research and analysis related to
underwater noise reductions.
The report focuses in particular on areas of concentrated vessel traffic in the Salish Sea near
Vancouver, British Columbia. These are priority areas for URN reduction, due to the presence of
endangered species such as the Southern Resident Killer Whale (SRKW) and other at-risk marine
mammals.
The results of the work are intended to inform other initiatives planned by TC and to support
broader information dissemination both domestically and internationally.
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2 SCOPE
This report addresses URN from echolocation devices and fish-finding sonars. Military vessels,
seismic surveys and hydrography are excluded from the scope, as these involve additional
technical and jurisdictional issues.
The focus of the project is on the waters off British Columbia, including the Salish Sea and adjacent
straits, as shown in Figure 2-1. As such, they have also been a focus for URN investigations,
allowing echolocation sources to be compared with others. However, it is expected that the
project results will be relevant to other waters around Canada and worldwide. The types of
commercial shipping found in BC waters are representative of shipping worldwide, including:












Cruise ships
RoPax ferries
Tugs and barges
Container Ships
Bulk carriers
Vehicle carriers
Oil tankers
Naval vessels in transit (navigational systems but not naval sonars operating)
Research vessels and other government ships
Pleasure craft
Fishing vessels

Except for the smallest recreational vessels, the great majority of vessels in all these types use
some form of echolocation system, and in most cases their installation is required under domestic
and international legislation.
Figure 2-1 shows the area of primary interest, Figure 2-2 shows the bathymetry of the area, Figure
2-3 is indicative of the relative summer density of the endangered Southern Resident Killer Whale
(SRKW) in these areas and Figure 2-4 shows the correspondence between designated SRKW
critical habitat areas and shipping routes. The correspondence of maximum SRKW density and
vessel traffic areas underscores the cause for concern. Other species known to inhabit the area
include killer whales, harbor porpoises, humpback whales, Dall’s porpoises, pacific white-sided
dolphins and grey whales (Ref 49).
The report is not intended as an in-depth discussion of the physical or psychological impact
mechanisms of noise on cetaceans and other marine wildlife or of the principles of echolocation.
However, it does discuss impact thresholds and acoustic principles in sufficient detail to explain
the issues and technologies involved, and to provide context for recommendation of measures
that could be implemented to reduce impacts while maintaining safe navigation and effective
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operation. Many of the potential measures will require further study prior to implementation on
a local, national or international level.

Figure 2-1: Area of Interest - Straits of Juan de Fuca and Georgia, showing main
vessel traffic routes
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Figure 2-2: Salish Sea Bathymetry (Ref 41)
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Figure 2-3: Relative SRKW density in Salish Sea, May-Sep 2014 (Ref 48)
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Figure 2-4: Shipping routes and SRKW critical habitat areas (Ref 48)
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3 BACKGROUND
3.1 ECHOLOCATION
Vessels operating in coastal waters (and inland waters) have always taken safety measures to
avoid groundings and collisions with the seafloor, rocks and other obstacles. Initially this used
manual sounding systems, such as lead lines. Improved understanding of underwater acoustics in
the early 20th century has led to the widespread adoption of echosounding technology. At its
simplest, a pulse of sound energy is bounced off an obstacle, and the time taken to send and
receive back the echo can be related to distance, or depth.
Although on most well-travelled shipping routes national hydrographic services have now created
detailed and accurate charts of the seabed and other obstacles, the rise and fall of tides, storm
surges and other phenomena mean that mariners do not always have a full understanding of the
depth of water available, and echosounders remain an important safety aid.
The International Maritime Organization (IMO) sets carriage requirements for echosounders
under Chapter 5 of the International Convention for the Safety of Life at Sea (SOLAS), and has
established performance requirements under Resolution 224(VII) as amended by MSC 74(69).
These in turn are referenced to more detailed requirements under the standards of the
International Electrotechnical Commission (IEC), which are described in more detail in later
sections of this report. Transport Canada, along with most other national administrations, accepts
IMO requirements for domestic vessels. The Canadian Navigational Safety Regulations, (NSR)
SOR/2005-134 particularize carriage requirements in the national context. Detailed technical
requirements for echosounders are contain in a number of IEC and IMO specifications, as
discussed in Section 5. These documents elaborate the IMO requirements to an engineering level
of detail.
The same principles used in echosounding can be applied to other purposes, and in fact much
early work was driven by the need to find and track submarines. Similarly, echolocation can be
used to find and classify fish for commercial and recreational fishing operations. These systems
are not subject to any further regulatory performance requirements, though they do have to meet
safety and compatibility standards as for any marine electronics.

3.2 MARINE WILDLIFE USES OF SOUND
Human uses of echolocation are relatively new, but marine wildlife has been using the same
approaches for many millions of years. Species utilize underwater sound signals for
communication, prey location and many other purposes. Figure 3-1 for example shows tonal
vocalization frequencies (communication) for a range of cetacean (whale) species, and also the
impulsive vocalizations that are used more for echolocation.
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Pinnipeds (seals) and other marine mammals use similar communication frequencies and multiple
other animal species from fish to crustaceans have their own acoustic “signatures”. Echolocation
of prey and for navigation of habitats is not quite so widely used but is still common in many
marine species.

Figure 3-1: Vocalization spectral ranges and Source Levels (dB//μPa) (Ref 15)

3.3 URN IMPACTS
While ships emit URN across a broad spectrum of frequencies through inadvertent energy
leakage, the deliberate use of sound for echolocation and related purposes has tended to find
that the most appropriate frequencies are generally those already adopted by marine wildlife for
similar purposes. Natural selection and human engineering have converged on similar solutions
by different mechanisms. The human and animal uses therefore find themselves in competition
for parts of the spectrum.
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The Southern Resident Killer Whale (SRKW), for example, as a member of the odontocete group,
has an auditory range from roughly 10-160 kHz and utilizes echolocation signals with centre
frequencies between 45 and 80 kHz and bandwidths between 35 and 50 kHz (Ref . 17). As further
described in this document, many commercial echolocation devices use similar frequencies and
waveforms.
The overall situation is depicted in Figure 3-2, which shows the approximate spectral occupancy
and source levels for a variety of anthropogenic and biological sources. The approximate auditory
sensitivity threshold curve for odontocetes is overlaid as the dashed curve.
If anthropogenic noise levels are higher than or even comparable to those generated by marine
wildlife, their ability to forage and navigate can be seriously compromised. Noise, including
intermittent noise, can also raise stress levels, affect behaviours, interfere with foraging and intraspecies communication and in extreme cases cause physical injury and death (Ref. 18). At-risk
populations, particularly those with restricted foraging areas or habitats will suffer the most
immediate consequences, but there is increasing evidence to suggest that increasing URN is a
major stressor for marine ecosystems in general.

Figure 3-2: Comparative spectral occupancy
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4 APPROACH
Consistent with its purpose, this document intentionally makes minimal assumptions about prior
domain knowledge and restricts technical detail to that necessary for a general understanding of
the factors being discussed. Nevertheless, some understanding of key terms and concepts is
essential and those necessary for the discussions in this document are outlined in Appendix A,
which covers the basic terminology and parameters necessary for characterization of an acoustic
field and the generation and propagation of acoustic signals, at a level that should be accessible
and sufficient for those unfamiliar with field.
References to texts and papers are provided throughout for those interested in more detail on
specific topics. Section 12 includes a wide range of references considered useful, regardless of
whether they are specifically cited in the body of this document. Reference 1 in particular is an
excellent overall treatment of the field of marine bioacoustics.
Section 5 outlines international regulations and standards governing echosounder carriage,
operation and performance. No current regulations were found pertaining to marine mammal
impact of these devices.
Section 6 discusses the categories of echosounders and sonars of interest, their generic
characteristics and design considerations, and some commercial examples.
Section 7 discusses echolocation applications prevalent in British Columbian waters, to aid
characterization of the impact on local marine mammals – in particular, odontocetes, of which
the Southern Resident Killer Whale (SRKW) is an example.
Sections 6 and 7 then inform discussion of the impact of echosounding and echolocation devices
on marine mammals in Section 8, and mitigation possibilities in Section 9.
Section 8 begins with a review of the auditory characteristics of species of concern and follows
with an assessment of the potential impact from echolocation and echosounding devices. It
necessarily includes some analytical treatments but they are kept to the level of an initial overview
and the background is covered in Appendix A.
Section 9 discusses both technical and operational mitigation strategies for further consideration.
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5 CANADIAN
STANDARDS

AND

INTERNATIONAL

REGULATIONS

AND

Current regulations governing echosounder carriage, operation and performance are not at all
onerous from a technical perspective, as will be seen in Section 8.2.
In general this allows for a wide range of devices and reasonable latitude for designers to modify
device characteristics without impacting compliance.
However, mandatory type approval regimes, may impose significant testing requirements. For
vessels above 150 GT, the Canadian Navigation Safety Regulations (NSR), SOR/2005-134, Part 1,
Section 11 requires that echosounders (amongst other schedule-listed equipment) “shall be typeapproved by a competent authority as meeting those standards or other standards that the
Minister determines provide a level of safety that is equivalent to or higher than that of those
standards”. As an example, DNV-GL levies more than 80 different tests, selected from the IMO,
IEC and ISO documents listed in Section 5.2, that must be passed in order for type approval to be
granted. The associated testing and certification requirements represent non-trivial effort and
cost to device manufacturers, which may hinder adoption of new technologies in the 150 GT and
above vessel market where the primary requirement for an echo sounder is basic depth sounding
and alarm.
The key national and international technical requirements and standards are listed in the
following subsections.

5.1 ECHOSOUNDER PERFORMANCE
The IMO specifies that all vessels over 300 GT, and all passenger ships regardless of size are
required to have an echosounder.1 The IMO Polar Code adds a requirement for a second
echosounder for certain vessels operating in Polar Waters.
The Canadian NSR, SOR/2005-134, Part 2, Section 32, Echo-Sounding Equipment further
particularizes the national requirements for echosounder carriage as follows:
A ship shall be fitted with echo-sounding equipment if
(a) it is of 300 tons or more, was constructed on or after September 1, 1984 and is engaged on a
voyage other than a home-trade voyage, Class IV, or a minor waters voyage;
(b) it is of 500 tons or more, was constructed on or after January 16, 1973 and is engaged on a
voyage other than a home-trade voyage, Class IV, or a minor waters voyage;

1

SOLAS V Reg 19 para 2.3.1.
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(c) it is of 1600 tons or more, was constructed before January 16, 1973 and is engaged on a hometrade voyage, Class I or II, or an inland voyage, Class I;
(d) it is of 1600 tons or more and engaged on an international voyage; or
(e) it is of 15 000 tons or more.
For vessels constructed on or after July 1, 2002, SOR/2005-134, Part 3, Section 47 further requires
fitment of echosounding equipment on vessels of 150 GT or more carrying more than twelve
passengers on an international voyage, and all vessels of 300 GT or more.
There are no specific requirements for when an echosounder must be active, but there is a blanket
requirement that the Master shall use all available means for the safe navigation of the vessel
(See Section 9.2 of this report).
The performance standards for echosounders are contained in IMO Resolution A.224 (VIII) (1971,
valid for pre-2001 fits), amended by MSC.74(69) Annex 4. The current requirements cover:









Depth range - 2-200m
Range scales – at least 2, one covering 2-200 m and the other 2-20m
Pulse Repetition Frequency (PRF) - no less than 12 pulses per minute
Accuracy - better than +0.5m on the shallow scale and +5 m on the 200m scale, or 2.5%
of indicated depth
Operability limits – Roll angle ±10 deg, pitch angle ±5 deg
Display scale not smaller than 5 mm per m of depth on shallow scale & 0.5 mm per metre
of depth on deep scale. (MSC 74(69) refers to this as discrimination but it is simply display
resolution and does not define the resolution of the depth measurements.)
Pre-settable audible and visible alarms for depth
Alarms for power supply malfunction

None of the requirements specifies an operating frequency range, and none explicitly specifies
depth resolution (the closest two depths that can be distinguished by the system). Accuracy,
although different from resolution, can be used to deduce a resolution requirement on the
assumption that acoustic errors dominate.
Transport Canada has published a TC standard for echosounders, but has confirmed that this is
no longer considered applicable and the IMO requirements apply.
No general regulatory carriage requirements apply to vessels below 300 GT, but many smaller
craft do carry echosounders for safety reasons. Many small recreational and fishing craft carry
devices that combine the roles of echosounder and fish finder, and it is the latter that drives that
market segment.
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5.2 DETAILED REQUIREMENTS
Detailed technical requirements for echosounders include the following standards. The more
general requirements in the final three items apply to other marine electronics equipment and
installations as well.








IMO A.694(17(1971) General Requirements for shipborne GMDSS radios and electronic
navigational aids
IMO Resolution A.224(VII)(1971) as amended by MSC.74(69) Annex 4 (1998) Performance
Standards for Echo-sounding Equipment
ISO 9875 (Marine Echo-sounding Equipment - Performance Requirements and Testing)
IEC 60500 (Hydrophone characteristics)
IEC 60945 (General Requirements and environmental testing, including immunity to
electronic interference, compass-safe distance etc.)
IEC 61162 (Digital interfaces)
IEC 62288 (Display characteristics)

Type Certification Requirements


DNV-GL Standard for Certification No. 2.9, Type Approval Programme 843.20 – MED
A.1/4.6 Echo-Sounding Equipment April 2009

Vard Marine Inc.

Echolocation Devices and Marine Mammal Impact Mitigation

08 January 2020

Report 388-000-01, Rev 3

12

 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION

6 ECHOLOCATION BACKGROUND
The term echolocation is used here to mean the determination of the presence and position of
an underwater object via the two-way travel time of a transmitted and back-scattered acoustic
waveform.
Echosounding covers the special case where the target is the bottom, directly below the vessel or
within a narrow range of angles from the vertical, and depth rather than range and angle from
vessel is the parameter of interest.
Echolocation more generally includes sonars and other devices, including fish-finders, trawl
monitoring devices and navigational sonars with a significant horizontal component to their
operation and where range, azimuth and depression angle from vessel are all parameters of
interest.
This section of the report introduces the main types of echosounders and echolocation devices in
use by commercial and recreational vessels, and some of their important characteristics in the
context of impacts on marine wildlife. A limited amount of information is included in the main
text of this report and additional technical background is provided in Appendix A. A list of
commercially available devices and their technical characteristics is provided in Appendix B.

6.1 ECHOSOUNDER CATEGORIES
6.1.1 SINGLE BEAM ECHOSOUNDERS (SBES)
Single beam echosounders (SBES) are the most widely used form of echosounder, in extensive
use particularly on small vessels and recreational craft due to their simplicity and low cost.
In their simplest form, transmissions are simple pulsed sinusoids (referred to slightly misleadingly
as a continuous wave, or CW waveform) at a single, possibly selectable frequency in a single
downward-looking beam whose shape is defined solely by the transducer used. Depth is
established by timing the round trip of the transmitted pulse and its bottom echo (Figure 6-1).
That also means that the system and/or operator must be able to distinguish a bottom echo from,
e.g., a school of fish or a plankton layer (see Figure 6-4 for example). Such aspects and the related
signal processing are among the “devil in the details” aspects of echosounder design and
operation.
Most systems are not stabilized to counteract vessel motions, so must use a beamwidth wide
enough to capture the true depth when rolling. At the same time, the beam cannot be too wide
or it may give false readings from objects off the track of the vessel.
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Figure 6-7 in Section 6.1.3 shows an illustrative CW pulse waveform on the left. On the right is a
broadband FM chirp waveform discussed subsequently. In each case the pulse parameters are
unrealistic for practical use, but chosen to clearly illustrate the features of the waveform.
CW systems must make trade-offs between range (depth) and resolution. For a given transmitter
power, higher depth resolution with a CW waveform requires a shorter pulse, which results in
lower pulse energy and therefore reduced range capability. Conversely, greater range requires
greater energy and therefore a longer pulse which, for CW waveforms, means lower resolution.
Over recent years, broadband technology has become economically accessible in echosounder
markets, allowing better range/resolution performance for the same pulse power, so the majority
of new SBES come with that capability. Broadband systems use more complex waveforms, the
most common being a “chirp” wherein frequency is varied linearly during the pulse. It is this
frequency variation rather than the pulse width that defines the resolution, so the pulsewidth can
now be varied to achieve the required pulse energy without affecting resolution. The spread of
pulse energy over a wider frequency range also plays a potentially significant role in marine
mammal impact mitigation. See Section 6.1.3 and Appendix A.7 for a discussion of broadband vs
CW waveforms and Section 8.2 for mitigation aspects.
Figure 6-2 shows representative examples of general-purpose fish-finding echosounders with
various degrees of capability and sophistication. Clockwise from top left:




Garmin Striker 4: 50/77/200 kHz, chirp, 230 m range, recreational fishing use
Suzuki ES-1080: single frequency 20-200 kHz, 1000 m range, sport & professional fishing
& boating use
Koden CVS-FX1 Quad-frequency 24-240 kHz, 3000 m range, professional fishing use

Other manufacturers offer similar devices in each market sector, and no preference is implied.
Note that although the frequency ranges quoted can be quite wide, that is generally the
transmitter capability, not the transducer capability. The choice of transducer(s) is normally the
factor that determines the true operational frequency range.
The small Garmin device sells for less than Cdn $200 but has most of the key capabilities discussed
in later sections of this document, with up to 600 watt pulse power. The important point here is
that size and cost are not a reliable indicator of technical fundamentals or relevance to marine
mammal mitigation.
Note also the different echogram feature details evident in the four channels of the Koden quadfrequency device. Frequency is increasing from left to right. Bottom characteristics are more
evident at the low frequencies, and fine structure including the surface bubble layer and a bubble
plume in the water column are more evident at the higher frequencies. This can convey useful
information to fishermen.
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Figure 6-3 and Figure 6-4 are included to show the sophistication and control available
respectively in an advanced imaging sonar/fish-finding echosounder available to the general
market (Humminbird Solix) and in a split-beam, multi-frequency chirp scientific echosounder
(Simrad EK-80). Split-beam and chirp processing are discussed in subsequent sections. The Solix
system operates at 50/83/200/455/800/1200 kHz with multi-mode chirp imaging to produce
high-resolution vertical and lateral acoustic images.
The emphasis on fish-finding and imaging rather than depth sounding is obvious throughout,
reflecting that market and those capabilities as the drivers. This is discussed further in Section 8.2.
Figure 6-5 shows some representative examples of type-approved systems specifically for IMOcompliant echosounder installations. Left to right:




Skipper ESN200 dual channel navigational echosounder, type-approved at 38/50/200 kHz
but with overall transmitter capability from 24-210 kHz, and manual control capability for
power and frequency.
Wartsila ELAC 5200, 15/30/50/100/200 kHz. Type-approved except for 15 kHz.
Knudsen 320N Naval Chirp Echosounder, 2 kW, 3.5-210 kHz, standard 12 kHz, depth to
10,000 m

The overall dual-channel navigational echosounder system configuration shown for the Skipper
unit on the left, with a single transmitter unit and a separate transducer and sea valve for each
channel, is typical for larger vessel installations. Note also the connections to other ship systems
including voyage data recorder, conning display, alarms and repeaters.
Another variation is shown for a larger vessel in the display at the upper right of Figure 6-5. In this
case, two transducers are located respectively in the starboard bow and port aft areas to give
depth readings near the two extremes of the vessel. The two channels operate simultaneously at
different frequencies to avoid mutual interference.
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Figure 6-1: Echosounder basic principle
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Figure 6-2: Representative general purpose fish-finding echosounders
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Figure 6-3: Sample displays from an advanced integrated imaging echosounder/sonar
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Figure 6-4: Sample displays – Simrad EK80 Multiple frequency, Split Beam
Echosounder
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Figure 6-5: Representative type-approved echosounders

6.1.2 SPLIT BEAM ECHOSOUNDERS
Split beam echosounders typically use four transducers in a single package along with signal
processing techniques to coherently process returned echoes and produce high resolution twodimensional (along track and in a limited cross-track region) plots of bottom depth for every
transmission. Examples have been commercially available since the 1980s. Their angular
resolution is much better than an individual beam width. This is achieved by processing phase
information unavailable to the normal single-beam echosounder.
In addition to echosounding, the higher resolution can also be useful for fish classification.
The only marine mammal impact of split beam devices that might differ from SBES is the potential
for greater transmitted power if the split beam capability is achieved via four transducers having
the same power as the original single transducer. That is an implementation-dependent issue and
in the modeling relevant to acoustic impact it can be treated as just a higher power SBES.
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6.1.3 BROADBAND/CHIRP ECHOSOUNDERS
The topic of broadband waveforms and their characteristics and processing is not easily
summarized in non-technical terms. A broadband waveform can be thought of as packing
substantially more independent information into a transmitted pulse than can be done by
switching a sinusoid on and off (CW pulses). This can be done in such a way that the corresponding
independent items of information are recoverable after the pulse has been weakened and
corrupted during its two-way journey. This gives multiple independent data points for comparison
between the transmitted and received pulse, versus just two for a CW signal (the amplitude and
phase of the sinusoid). That in turn allows more precise timing determination on signals that are
more corrupted. Consequently, either the range and resolution of the device can be increased or,
more significantly for marine mammal mitigation, the transmitted power can be reduced for the
same range and resolution. Many broadband waveforms can be used but the most common one
is the “chirp”, so-called because of its sound. It is used in radars, naval sonars and, more recently,
commercial echosounders and sonars, for the above reasons. Appendix A.7 provides more
discussion.
“Chirp” echosounders use a pulse which sweeps through a range of frequencies rather than
turning a single frequency on and off as discussed in Section 6.1.1 and illustrated in the right-hand
waveform of Figure 6-7. As previously noted, the waveform parameters used in Figure 6-7 are not
realistic for operational systems; they were chosen to more clearly illustrate the key features of
each waveform type.
Figure 6-6 shows a plot of short-term averaged power spectrum vs time for a linear frequencymodulated (LFM) chirp from a Simrad echosounder2. The linear sweep from approximately 160240 kHz during the approximately 1 ms pulse duration gives a nominal time-bandwidth product
of 80. As explained in Appendix A.7, this waveform has a theoretical advantage in signal to noise
of 80 times, or 19 dB, over a pulsed CW signal of the same duration. In principle, this would allow
the source power level to be reduced by the same amount, though in practice, signal processing
considerations associated with optimizing the waveform’s range and resolution behavior will
reduce this. Reference 6 provides a discussion of some signal processing considerations in
broadband echosounders. A temporal taper (gradual rise to a peak followed by gradual fall, vs onoff) of the pulse’s amplitude is evident in the colour-coded representation of Figure 6-6, as well
as the illustrative examples of Figure 6-7. This better controls the overall spectral width of the
transmitted signal and suppresses “ringing” (ghosting) in echoes, but produces an overall loss
compared with an on-off or sharply-tapered pulse.

2

General Catalog: Fishery Products, SIMRAD,
https://www.simrad.onlincat/fishery_all_en_a4_hires.pdf
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Figure 6-8 compares the theoretical spectra of three pulses with realistic representative
parameters. The red curve corresponds to a CW pulse of width 1 ms and source level 219 dB//µPa
(1 kW transmitter with system losses included) at a centre frequency of 200 kHz. The blue curve
corresponds to an FM chirp pulse with bandwidth 80 kHz and the same centre frequency, pulse
width and source level. Note how the power spectral density has been reduced by spreading the
same pulse energy over a wider frequency range. Finally, the green curve results if the source
level is reduced by an amount corresponding to the extra signal processing gain available in the
echosounder receiver due to the favourable characteristics of the chirp waveform. This results in
the same range performance as the CW case, but with better range resolution, significantly
reduced spectral density and lower potential for marine mammal interference. Section 8 explores
this in more detail.

Figure 6-6: Sample LFM Chirp from a Simrad echosounder (source: Simrad; see text)
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Figure 6-7: Illustrative pulses. Left: CW, Right: FM Chirp

Figure 6-8: Theoretical pulse spectra for 200 kHz pulses. FM chirp bandwidth 80 kHz.
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6.1.4 MULTI-BEAM ECHOSOUNDERS (MBES)
Multi-beam echosounders create beams in a fan shape to scan the bottom across the track of the
vessel, building up a 3D image as vessel advances. MBES are normally used for hydrographic,
geophysical or imaging work, and are uncommon on other vessel types.
Transmission is normally in a single beam that is wide in the athwartships direction and narrow in
the fore-aft direction. Multiple simultaneous receive beams are combined to provide the required
multi-beam resolution. MBES are less marine-mammal friendly than more purely vertically
looking devices since the athwartships spread of transmitted energy cannot be so tightly
controlled. However, they are used intermittently for hydrographic surveys or scientific work,
rather than continuously as for vessel navigation.

Figure 6-9: Multi-beam echosounder
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6.1.5 MULTI-FREQUENCY ECHOSOUNDERS
Many echosounders are capable of operating on at least two frequencies simultaneously; some
can operate on up to four. Primary advantages of multi-frequency operation for continuous wave
(CW) echosounders are greater range/depth capability afforded by lower frequencies and greater
resolution afforded by higher frequencies. For CW devices greater range and resolution cannot
be achieved together; this is the strength of broadband devices discussed elsewhere herein.
Another advantage of multi-frequency echosounders, where the frequencies are widely
separated, is greater ability to characterize the bottom. See also Figure 6-3, Figure 6-4 and Section
6.1.7.

6.1.6 DOPPLER NAVIGATION ECHOSOUNDERS
These are devices that simultaneously measure depth, speed across ground (SOG) and speed
through water (STW) by combining range and Doppler measurements on bottom and volume
returns. This normally involves processing either three beams, or two beams in the fore-aft
direction and two in the athwartships direction.
They may also be referred to as bottom-tracking Doppler logs or Doppler echosounders.

6.1.7 BOTTOM-PROFILING ECHO SOUNDERS
Bottom-profiling echosounders are also a more specialized tool rather than one used in normal
commercial shipping. They are used to assess bottom characteristics such as
silt/mud/rock/combination, and related marine habitats, by using beams with two widely spaced
frequencies and therefore different penetrating capabilities. Scientific and hydrographic
echosounders provide these capabilities, and similar techniques are used by fishermen with dual
frequency devices.

6.2 COMMERCIAL SONAR CATEGORIES
By contrast with echosounders, sonars direct their energy primarily outward rather than
downward, although some provide tilt-able vertical coverage through 90 degrees. Commercial
sonars also largely operate in the sub-100 kHz range where cetacean hearing is most sensitive.
Consequently the potential for impact on distant marine mammals, or conversely, the safe
distance, is greater than for echosounders.

6.2.1 FISH-FINDING SONAR
Fish finding sonars find their greatest application in commercial fisheries, with some usage in the
deep sea sport fishing market. These are more sophisticated devices that should not be confused
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with the widely-used “fish finders” that are essentially just vertically-looking echosounders with
added performance and capabilities.
Commercial fish-finding sonars have typical operating ranges of a few hundred to a few thousand
metres, with selectable steerable azimuth sectors and omni (360 deg.) coverage in tilt-able
vertical beams, allowing full hemispherical coverage in operator-selectable swaths of azimuth and
elevation. Devices with this coverage can double as trawl catch-monitoring sonars. The transducer
is typically hoist-retractable.
Operating frequencies vary from a few tens of kHz to 200 kHz and above, with most in the 70-80
kHz and 120-180 kHz ranges. One reason for choosing the lower end of this frequency range may
be an improved ability to see into a fish school (not just the nearest edge) for improved estimation
of biomass/fish density and potential catch size.
The marine mammal mitigation concern with commercial fish-finding sonars (and some trawl
sonars that include 360 deg. fish-finding functionality) is the outward-directed acoustic energy at
frequencies falling within the region of maximum odontocete hearing sensitivity (10 kHz-160 kHz)
These devices typically achieve the desired high resolution in azimuth and elevation by
transmitting simultaneously in a wide azimuth sector (up to 360 deg) that is narrow in elevation,
and receiving in multiple beams that are narrow in azimuth and wide in elevation. Section 8.3 on
echolocation device impact discusses this further.
Figure 6-10 shows a representative fish-finding sonar including its retractable transducer. The
display shows what appears to be a school of fish (upper right quadrant) some height above the
bottom (outer circle). The display geometry shows the results of a 360 deg azimuth scan with a
downward-tilted beam. The sonar processor will calculate and display parameters such as depth
versus radius from centre, depth of bottom, the range and depth of the school of fish, etc.
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Figure 6-10: Representative 360 deg fish-finding sonar (Suzuki S-1400)

6.2.2 TRAWL SONARS AND CATCH MONITORS
The purpose of a trawl sonar is vertical profiling of the fish density in the opening (“catch area”)
of a trawl net. They are mounted at the mouth of the net and perform high resolution scans
vertically across the mouth to determine the density and location of the entering fish mass in
relation to the mouth. The sonar image is communicated back to the bridge of the trawler via
either wireless acoustic communications or cable.
Trawl sonars generally operate at 120 kHz and above, typically into the hundreds of kHz,
consistent with the short range (a few hundred metres) and high resolution needed for this
function.
Some trawl sonars include echosounder capability as well, to determine the height of the net
above the bottom.
Trawlers also use catch monitoring sonars whose purpose is to look longitudinally through the net
from the aft end toward the trawl vessel and provide an indication of the biomass density in the
net. These devices usually operate in the 60-80 kHz range, presumably for the reasons mentioned
in Section 6.2.1 and with coarse enough overall resolution and broad enough beam (in a small
net-mounted package) for biomass estimation vs individual fish discrimination.
All these devices are relatively low power as a result of the inherently short ranges required, and
also because many are battery operated to avoid the need to send power down a cable from the
trawl vessel. Overall they are not considered a significant marine mammal mitigation concern
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compared with the vessel-mounted echosounders and fish-finding sonars that will also be
present.
The acoustic communications element from net to vessel typically operates in the 60-80 kHz
region, low enough to allow battery powered communication to the trawl vessel from the net at
a relatively high data rate carrying the trawl sonar and catch monitoring imagery, and over a wide
enough angular range to support all trawl geometries without loss of communication. These
devices usually have a claimed range to vessel of around 2000 m, with some claiming 4000 m.
While the likelihood of such separation is low, these ranges and the need for relatively low
directionality do make trawl communications potentially interesting with respect to marine
mammal mitigation concerns. They have not been assessed in this report, however.

6.2.3 NAVIGATION SONAR
These sonars are forward- and downward- looking, with relatively short ranges aimed at obstacle
avoidance and safety of navigation (Figure 6-11). Most operate in the tens of kHz range, which
supports the medium resolution requirements of obstacle avoidance while allowing lower power
due to the significantly lower energy absorption in sea water compared with higher frequencies.
Coverage is normally a roughly 60 degree sector ahead of the vessel and to the sea floor, in depths
of interest below about 200 m. This sector may be steerable somewhat in azimuth and depression
but is basically ahead of the vessel. Ranges are up to several kilometres.
From the marine mammal mitigation perspective, the concern with navigation sonars is,
therefore, generally greater with respect to operating spectral (frequency) overlap and less with
respect to spatial energy spread.
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Figure 6-11: Navigation sonar example

6.3 DESIGN CONSIDERATIONS AND TRADE-OFFS
This section discusses the key aspects of echosounder and echolocation device design that must
be managed by system designers and that could potentially be traded off in responding to marine
mammal interference concerns. Mammalian acoustic characteristics and impact specifically are
discussed in Section 8.
There are various inter-dependencies to be understood and the purpose here is to give some basic
background into the degrees of freedom available and the implications of constraining designs in
particular ways.

6.3.1 TRANSMIT POWER AND ACOUSTIC INTENSITY
The acoustic intensity of an echosounder or sonar signal within the auditory frequency range of
any proximate species is directly a function of transmitted power, relative locations and
propagation conditions. Lower levels are always better from the mammal perspective, and may
be reducible by design and/or operation of the echosounder or sonar.
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The most fundamental consideration in system performance is the amount of energy received
back from targets of interest and the way that energy is organized (the waveform); it is the
ultimate determinant of detection and parameter estimation performance. Energy on target is
proportional to the product of transmit power and pulse width. In principle therefore, a reduction
in transmitter power can be tolerated if the pulse width is increased.
Power reduction can also be beneficial in shallow water where, in addition to possible receiver
overload, bottom returns from directions other than the direction of interest can be strong
enough to interfere with detection and estimation of depth or of the presence of fish. For these
reasons, echosounders may provide multiple power settings. Some will automatically adjust
power to optimize performance while others will offer manual operator settings. Good practice,
also beneficial to species at risk, is to use the lowest echosounder power necessary for reliable
bottom detection in echosounder mode. Fish-finding for amateur and sport fishing is not as
straightforward since individual or small schools of fish near the bottom will be an acoustically
faint target compared with the bottom return. In these (reverberation-limited) cases wider
bandwidth or shorter pulse width is more beneficial than increased power, adding to the
motivation for wideband echosounders. (See also Section 6.3.4 and Appendix A.4).
For pulsed CW systems the range/depth resolution will decrease as the pulse width is increased
to compensate for reduced transmitter power. This in turn will impact the signal processing
required to produce displays, etc. For chirp systems the chirp bandwidth can be increased, again
within reasonable limits, to compensate for the power reduction and maintain resolution without
changing pulse width.
Relating this to the regulatory regime:



The seafloor is an easy target, particularly down to the required 200 m.
The required (assumed – see Section 5.1) resolution of 0.5 m on a 20 m depth scale and
5 m on a 200 m depth scale can be easily met while maintaining sufficient energy on target
at those ranges without needing broadband/chirp waveforms; significant reduction in
transmitter power is not a problem.

The driver for multi-mode devices that include fish-finding is the fish-finding performance. By
comparison with bottom echoes, for which the already significant strength varies as the inverse
square of the depth, echoes from small fish targets (the real selling point of most of these devices)
vary as the inverse fourth power, making transmit power, frequency, pulse width and chirp
bandwidth all important design parameters.
In conclusion, although a reduction of power for marine mammal mitigation purposes may impact
fish-finding performance, there is no reason to be concerned that it would impact the ability of
any realistic device to meet regulatory requirements for echosounding performance.
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6.3.1.1 FREQUENCY SELECTION
An obvious solution to marine mammal acoustic impact is to place the operating frequency range
of devices outside of their hearing sensitivity range (above about 160 kHz). Unfortunately, the
sensitivity ranges of the species of interest cover most of the range that is also useful for sonars
and echosounders. (This is no coincidence, of course).
The most realistic option is to move operating frequencies upward into the 160+ kHz range where
possible. Absorption losses in that range increase dramatically with frequency, but cetacean
hearing drops off so rapidly that transmitter power could in principle be increased to maintain
energy on target while still avoiding mammal issues. The other techniques mentioned in the
accompanying sections could also be employed; in particular, increased pulse width or chirp
bandwidth. As well, sometimes a rapid decrease of intensity with range can be advantageous, for
example low probability of intercept systems in military applications; that principle could perhaps
be useful with respect to limiting the marine mammal impact radius around a vessel.
One potentially serious limitation is cavitation. Cavitation occurs when the acoustic intensity is so
high that it draws dissolved gases out of solution, essentially boiling the water. Power and
beamwidth requirements can combine at higher frequencies to create cavitation problems that
do not exist at lower frequencies – for example if long ranges and wide beams are concurrently
required as in some sonars and echosounder/fish finders. Transducers must become smaller in
area to maintain the same beam characteristics, which increases the intensity at the face of the
transducer. This translates into a lower power capability at higher frequencies.
At higher frequencies over shorter paths, waveform coherence is less of a problem, so higher
time-bandwidth products can be utilized in broadband systems, in principle helping offset some
of the above issues.

6.3.2 BEAM PATTERN
Most echosounders (multi-beam echosounders are an exception) are not stabilized against ship
motion, so the main beam must be wide enough to accommodate the ±10 deg roll, ±5 deg pitch
motions mandated by IMO, national and international requirements. For the many systems that
combine echosounding with other functions, a narrower athwartships beam may also be
undesirable due to slant-range versus depth errors as well as a reduction in area coverage and
coverage rate for fish finding.
In addition to the main beam, energy is radiated outwards by the sidelobes as shown in Figure
6-12. The angular units are degrees off the maximum response axis, and the radial units are
deciBels with respect to the maximum response. The sidelobes can contribute significantly to the
URN signature in directions outside of the main response axis of an echosounder or fish-finding
sonar. Sections 8.2 and 8.3 deal with these aspects in more detail. Bottom scattering from the
main beam and sidelobes is another contributor.

Vard Marine Inc.

Echolocation Devices and Marine Mammal Impact Mitigation

08 January 2020

Report 388-000-01, Rev 3

31

 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION

For commercial devices of the types dealt with here, changing their beam pattern normally means
changing the mechanical design of the transducer, which is a non-trivial, generally expensive
process involving multiple trade-offs. For this reason, modifying beam patterns, particularly if that
involves transducer changes, is a less attractive measure for mitigating impact on marine
mammals.

Figure 6-12: Sample beam patterns from a dual frequency 38/200 kHz echosounder
transducer (Simrad 38/200D)

6.3.3 PULSE WIDTH
As noted in Section 6.3.1, the transmitter power of an echosounder or sonar can be traded for
increased pulse width (duration) to some degree. However, there are two limits. One is set by the
“blind range” of the device, which is the innermost detection range at which the receiver can
begin operating after a transmission and in metres is roughly equal to the transmitted pulse width
multiplied by half the speed of sound in sea water, the 0.5 factor accounting for two-way travel
time during the pulse duration. For a nominal 1 ms echosounder pulse the blind range is
approximately 75 cm.
For Pulsed CW operation only, the other limitation is resolution which for these systems is
inversely proportional to pulse width. This is the classic problem for pulsed CW devices – increased
range means decreased resolution unless transmitter power is increased. Conversely, in the
marine mammal mitigation case for pulsed CW devices, decreased transmitter power means
decreased resolution if range performance is to be maintained. This limitation does not apply to
broadband/chirp systems.
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6.3.4 ACOUSTIC WAVEFORM AND SPECTRUM
Narrowband waveforms such as the pulsed CW used in classical echosounders concentrate the
available transmit energy into a narrow band of frequencies whose spectral width is roughly the
reciprocal of the pulse width.
Broadband/chirp systems provide a way of independently controlling energy (range) and
resolution, by using waveforms that spread the transmitted energy over a much wider frequency
range. For a given total pulse power this results in a lower power spectral density (reduced power
at any given frequency) and better range resolution at longer ranges. From the perspective of
echosounder/fish-finder performance the depth profile in deeper water is sharper and nearbottom fish can be distinguished more readily from the bottom. For marine mammals, the lower
spectral density over a broader frequency range becomes less perceptible and less annoying.
From a human perspective this is analogous to listening to a single audio tone versus a click, or
white noise at a much lower level.
As discussed elsewhere in this report, the regulatory requirements for depth sounding are easily
met without recourse to broadband waveforms and the primary motivation for their use is fish
finding performance.
There is also an associated theoretical signal processing gain that in principle allows the
transmitter power to be reduced. This along with the reduction in spectral density can be used to
reduce the marine mammal impact without loss of range or resolution. Section 8.2 illustrates and
discusses these measures.
Broadband waveforms require more complex processing but their appearance in echosounders
and fish-finding sonars in recent years has been facilitated by the greatly increased processing
power of modern electronics.
Echosounders normally retain a CW mode at lower power for short range (shallow depth)
operation where high pulse energy is unnecessary and high depth resolution is required. As CW
pulse width decreases, resolving capability increases. Longer chirp pulses are unnecessary and
lose their utility at very shallow depths since the receiver cannot operate at the same time as the
transmitter (it would be deafened) but must be ready for the shortest range (earliest) echo
returns. For laterally-looking fish-finding sonars, high power in shallow water can also be
problematic due to close-in reverberation (back-scattered returns from multiple surface and
bottom reflections) obscuring desired echoes.

6.3.5 PULSE REPETITION FREQUENCY – TRANSMIT SWATH IMPACT
The maximum rate at which pulses can be transmitted is determined by the two-way travel time
to the maximum range to be processed. For sonars and multi-beam echosounders that must cover
wide angular ranges with high resolution this can produce unacceptable durations to achieve full
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coverage. Consequently, these systems normally favour single transmissions over a wide angular
range with the required directional resolution provided by multiple simultaneously processed
receiver beams. This increases the potential (over a wider area) for marine mammal interference
on each transmission.

6.4 SUMMARY OF COMMERCIALLY AVAILABLE SYSTEMS
Appendix B tabulates the characteristics of a representative cross-section of commercial
echosounding and echolocation systems.
As is evident from the Table, the parameters and details provided vary widely. Unfortunately,
devices for the recreational market, which may be significant contributors to URN due to their
numbers, come with very little technical information. Focused discussions with manufacturers will
likely be needed, and could be attempted during any follow-up work.
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7 ECHOLOCATION USE IN BC COASTAL WATERS
7.1 ECHO PROGRAM EXAMPLES
The Vancouver Fraser Port Authority and JASCO Applied Sciences, under the auspices of the
Enhancing Cetacean Habitat and Observation (ECHO) Program, have provided some anonymized
sample spectrograms generated from data collected by the program in the Salish Sea area of
British Columbia3. These provide illustrative examples of echolocation noise. Discussions with
ECHO program staff have established that many vessel URN signatures include what have been
identified as echolocation signals, but to date the program has not conducted any systematic
analysis of these devices. The samples discussed here were taken from Underwater Listening
Stations (ULS) at the head of Boundary Pass (Figure 7-2) and in the Strait of Georgia (Figure 7-3
and Figure 7-4). The locations of these stations are shown in Figure 7-1. The Strait of Georgia ULS
is situated on the seabed in approximately 170 metres of water in the northbound vessel traffic
lane, approximately 30 kilometres southwest of Vancouver (Ref 48). It is the eastern-most node
in the triplet to the southwest of Vancouver in the figure, and the Strait is approximately 15 km
wide at this location. The depth in the immediate vicinity of the Boundary Pass sensor is
approximately 200 metres but varies between approximately 50 and 250 metres.
The spectrograms display the time-varying background noise in the form of power vs frequency,
with frequency on the vertical axis and power coded as colour. The horizontal axis represents
time. A vertical slice through the plots represents the power spectral density determined from
measurements taken over a short interval about the time of the slice. The overall plot shows how
the PSD varies with time over the longer duration of the overall plot.
Each of the plots shows overall characteristics typical of the underwater ambient noise spectrum.
The red band below approximately 100 Hz is characteristic of the pervasive low frequency
contributors that propagate over great distances and include geophysical and wave processes and
aggregated ship machinery noise from large numbers of both distant and more proximate vessels.
From there to roughly 2 kHz the main contributors are the aggregated higher-frequency flow and
cavitation noise generated, again, by a wide range of distant and more local vessels, as well as
wind-generated noise, which is linked to sea-state. Wind-related noise including bubbles and
spray along with precipitation contribute broadband noise that may dominate to many tens of
kHz, as do snapping shrimp. Some or all of these likely explain the persistent broadband noise
that stands out best between 1 and 40 kHz in Figure 7-4.
Each plot includes the nearby transit of a vessel, with an associated rise and fall in broadband
spectral level especially in the region below 2 kHz. From the levels and rates of these changes we
3

Vancouver Fraser Port Authority ECHO Program and JASCO Applied Sciences Inc., Echosounder Technical
Note, 2019.
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can deduce that the fishing vessel in Figure 7-2 came very close to the sensor, at about t=50
seconds, the tanker in Figure 7-3 came next closest at t = 70 seconds, and the bulker in Figure 7-4
was more distant. Note that distances are all in terms of slant range from the sensor, not
horizontal distance.
Overlaid on that background are echosounder signals at 50 kHz in all three spectrograms,
identifiable by their pulsed structure and frequency.
Figure 7-2 shows three apparent echosounder signals. The first two appear to be from a dualfrequency echosounder operating at 38 and 50 kHz, since the pulses appear to be synchronized
and at the same Pulse Repetition Interval (PRI). This might be for bottom characterization useful
in identifying fish habitats, although a wider frequency separation would be better. From the
spectral structure of these signals it appears to be a pulsed CW device and we could estimate that
the pulse widths in use were about 4 ms for the former and 8 ms for the latter The PRI is
approximately consistent with a 400 m depth scale. The spectral density is (imprecisely) in the
135-140 dB re uPa2 range. Rough calculations based on this indicate that the vessel likely came
within a few hundred metres slant range of the sensor. The ECHO analysts identify the third signal
at 29 kHz as an artifact (not real) from its frequency in relation to the sample rate used in the data
collection.
For Figure 7-3, the echosounder may be of the chirp type. Its 2 second PRI is consistent with a
1500 metre depth setting. The gradual rise and fall of the vessel’s broadband noise suggests it is
relatively distant, as does the echosounder spectral intensity of approximately 85-95 dB re 1uPa2.
The bulk transport in Figure 7-4 is more distant again – its transit makes very little difference to
the background spectral levels and its echosounder signal at 50 kHz is low, at approximately 80
dB re μPa2. The spectral structure indicates that it was using pulsed CW signals with a pulse width
of about 4 ms. Little else can be discerned.
These three examples confirm that echolocation signals are significant contributors to ship URN
at frequencies important to marine mammals and other wildlife. The ECHO database is a valuable
resource that could be used to better characterize real life potential impacts on marine mammals.
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Figure 7-1: Strait of Georgia and Boundary Pass ULS locations (Ref 44)

Figure 7-2: Fishing vessel, Boundary Pass, echosounding at 38 and 50 kHz
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Figure 7-3: Tanker, Strait of Georgia, echosounding at 50 kHz

Figure 7-4: Bulker, Strait of Georgia, echosounding at 50 kHz
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7.2 FISHING
A fishing industry expert with many years’ experience in commercial fishing in British Columbian
waters was consulted for insights into echosounder and fish-finding sonar usage patterns in those
areas, in the commercial, sport and recreational fishing sectors. This section summarizes the
discussion and conclusions drawn.

7.2.1 USAGE PATTERNS
Vessels in all sectors normally operate with echosounders constantly active.
Dual frequency devices are used for their combination of range (low frequency) and resolution
(high frequency), to distinguish between individual fish and schools, and to indicate bottom type
and likely fish habitats by interpreting the differences between responses at the two frequencies.
Trawl-monitoring sonars are used on some of the larger trawlers, but their use does not appear
to be widespread.
Whale-watchers are perceived as the most significant echosounder threat due to their daily
proximity to whales.
Fishing vessels, particularly the net and troll fleets, also congregate near whales as an indicator of
fish location. First-hand expert experience over decades was that no obvious changes in whale
behavior, including (prior to about 2005) nearby transits of large herds, were noted during the
use of dual echosounders and fish-finding sonars. The troll fleet uses whale locations as indicators
of the presence of bait fish which in turn increase the likelihood of single larger “troll target” fish
being present. Therefore troll vessels tend to operate in the vicinity of whales, particularly in areas
they frequent close to shore. These vessels can be assumed to have a single echosounder each.
By-catch near the Fraser River mouth is not allowed, and fishing in nearby whale-populated areas
has decreased substantially.
The herring industry, like the rest of the commercial fleet, uses dual frequency echosounders and
will contribute significant echosounder noise during the herring season from mid-March to midApril each year.
The prawn, crab and pelagic fisheries all use echosounders as operational aids. The prawn sector
operates up to approximately 400 vessels with echosounders.
Sport fishing has prospered in recent years and sport fishing vessels virtually all have some form
of echosounder, the preferred type being the relatively inexpensive ones that (misleadingly) show
pictures of fish in response to any target above the bottom. These devices will normally not be of
the high-powered variety. Sport fishing vessels do not generally carry fish-finding sonars. Sport
fishing and marine eco-tourism are widespread, with some areas of greater than average
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concentration including the British Columbian coast north of Vancouver Island, the protected
inside waters of the central coast and the Tofino area.
There is no commercial fishing in Haro Strait.

7.2.2 TECHNOLOGY
Fish-finding sonars are in limited use in west coast trawl fisheries. They are typically used for initial
location of and guidance to fish schools. Echosounders are used thereafter for fine resolution and
harvesting operations.
Further, fish-finding sonars are most useful for pelagic and epipelagic species. Echosounders can
be more effective against bottom and near-bottom species due to the geometries involved and
the resolutions required to distinguish between fish and bottom. Hake fisheries were identified
as a specific user of fish-finding sonars. Deep-sea trollers were also identified as potential users,
although few.
It was noted that, operationally, ranges of interest for fish-finding sonars would extend to no more
than approximately 1000 ft (300 m). This may be due to their beamwidths and related worsening
of resolution with range, and it was suggested that higher resolution devices (and with that,
generally improved technology) would be welcomed by the trawl fleet if the current commercial
climate improved.
For trawl monitoring, sonars need a range capability up to the maximum ship-to-net distance, or
about one kilometre.
The generally depressed state of west coast commercial fisheries and the associated quota system
is considered the greatest impediment to adoption of new or more sophisticated echosounding
and fish-finding technologies. There is little appetite for expenditure on such items without
identifiable payback. This is expected to continue into the foreseeable future as the industry
becomes more quota-oriented, with limited stocks and an over-supply of fishing vessels.
Commercial fisheries crews are assessed as generally competent and effective with regard to
comprehension and effective use of the echosounders and fish-finding sonars fitted to their
vessels. In other words they do not tend to operate the equipment in a “set once and forget”
manner, and could be expected to make use of control panel settings to set power levels, choose
between chirp and CW operation and set appropriate range and depth scales for optimum
operation or in response to mandatory requirements.
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7.3 NAVIGATION
The Pacific Pilotage Authority was consulted for insight into the use of echosounders in large
commercial vessel operations, with focus on British Columbian waters and potential marine
mammal mitigation measures.
With the wide availability and utilization of electronic bathymetric data and accurate navigational
means (GPS, ECDIS etc.), the question arises whether echosounders could even be turned off in
the known presence of marine mammals. While there are no known direct requirements for
echosounders to be operated continuously, there is an indirect requirement that vessels shall use
all available means to ensure the safety of navigation, and responsible Masters would be
extremely reluctant to dis-avail themselves of echosounder data in marine environments such as
those in the BC coastal area. Ships must also now operate within the framework of an approved
company-defined Safety Management System, which may require echosounders to be on under
various circumstances, especially in restricted waters.
In addition to the challenges of confined navigational spaces, the bathymetry is constantly
changing in areas such as the mouth of the Fraser River. Pilots are keenly aware of local conditions
and variations, and carry their own electronic bathymetry charts with update intervals ranging
from weekly to bi-monthly. These charts are not available more generally to vessels. Pilots rely
primarily upon them, along with accurate position fixes, for safe pilotage into and out of port.
Echosounders are typically operated continuously in coastal areas, and a common use is to set a
depth alarm as a safety measure regardless of whether depth readouts are being used. Soundings
are sometimes used for bathymetric navigation by reference to underwater features, for example
between Haida Gwaii and the mainland, where they may be used to position the vessel with
respect to the navigation channel. This is considered a secondary function, but the “all available
means" rule applies.
Environmental concerns in BC waters have driven a plethora of new marine risk mitigation
measures in response to oil tanker operations, transfer from pipelines etc., and this situation does
not align with anything, such as inactive echosounders, that could be perceived as reducing the
safety of navigation in these areas.
The shipping industry is extremely sensitive to operating and maintenance costs. While the cost
of an appropriate echosounder might be a few tens of thousands of dollars, the cost of modifying
the transducer installation could be substantially more, and in some cases such modifications
might need to be deferred to dry-docking periods. This extends to years the conversion horizon
for such cases.
Information on the percentages of large vessels operating echosounders at or above 200 kHz
and/or with chirp waveforms was not readily available during the course of this study.
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8 ACOUSTIC CHARACTERISTICS AND MARINE LIFE IMPACT
Assessment of the impact of echosounding and echolocation activities on marine mammals begins
with an understanding of their acoustic mechanisms and sensitivities. Because sound is their
primary communication, situational awareness and prey location and tracking mechanism, the
ideal situation would be operation with parameters that are imperceptible by them and,
incidentally, their prey, since a disturbance in the latter represents a disturbance to them. In
principle this extends the frequency ranges of potential interest beyond those applicable to just
the mammals themselves, but in practice the wide auditory range of odontocetes encompasses
the regimes of interest for echosounders and echolocation devices.

8.1 MARINE MAMMAL ACOUSTIC SENSITIVITIES
Levels of acoustic impact on marine mammals can be categorized by a series of increasing
thresholds as follows:
1.
2.
3.
4.
5.
6.
7.

Perception
Stress/behavioural change/avoidance
Interference with sensing and communications
Short term/temporary threshold shifts (TTS)
Long term/permanent threshold shifts (PTS)
Pain
Damage

Figure 8-1 depicts these occurring at decreasing radii from a typical echosounder of source level
220 dB//μPa. The remainder of this section determines approximately how small the perception
and temporary threshold shift radii can be made. Note that threshold shift values are stated in
the literature in terms of total energy exposure over a defined period. Calculation of
corresponding sound intensities shown in the Figure therefore requires some broad assumptions
as discussed subsequently.
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Figure 8-1: Zones of influence
Much has been written about the perception, TTS and PTS thresholds4 but experimental data are
limited due to the difficulty in measuring these thresholds on many species, particularly the larger
ones. Threshold shifts refer to the loss in hearing sensitivity that occurs following prolonged
exposure to elevated acoustic levels. A number of proposed standards have been developed by
reference to these levels5.
Reference 16 is an excellent, widely referenced and detailed technical guidance document by the
U.S. National Oceanographic and Atmospheric Administration (NOAA) covering marine mammal
hearing and exposure recommendations. It divides mammals into various hearing groups based
upon their auditory range and assigns weighting scales and recommended not-to-exceed acoustic
exposure levels. The SRKW and similar species of interest here fall into the mid-frequency (MF)
cetaceans group, with an overall average hearing range of 150 Hz through 160 kHz. Figure 8-5,

4
5

See References 1-19.
Example: References 11, 12, 14.
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replicated from the same document, shows the corresponding weighting scale. The base
sensitivity corresponding to the 0 dB level in the weighting scales is cited as approximately 65
dB//μPa in the reference. The document also divides the acoustic source into impulsive (e.g.
seismic air guns, pile-driving) and non-impulsive (vibratory pile driving, tactical sonars etc.)
categories and assigns threshold recommendations on these bases. The non-impulsive PTS
threshold for the MF cetacean group is given as 198 dB re 1μPa2s (cumulative energy) over a 24
hour period, and the TTS threshold is 178 dB re 1μPa2s. These values could be used to set an upper
limit on acceptable echosounder or sonar intensity as function of distance to cetacean habitats
and duration of operation of the device in that vicinity. That is beyond current scope but a
potential topic for further study.
It is important to note that Reference 16 deals essentially with acoustic levels that can be
predicted to have serious impacts on marine mammals. Any acoustic intensity above the
perception level could, in principle, produce perturbations ranging from minor stress and
behavioural changes upward, before the TTS threshold is reached. The approach adopted in this
document is that anything above the perception threshold is of potential concern and the TTS
threshold is an absolute maximum that has been included for reference.
For now, a very conservative first step to investigating the impact of the TTS limit is to assume
that, on average, echosounders are always (86400 seconds per day) operating in the vicinity of
species of interest, in water depths requiring a 20 m echosounder scale and with a pulse width
consistent with 1 metre minimum measurement depth, i.e. a maximum 5% duty cycle. The
average intensity due to echosounders must then be less than
178-10 log10(86400) - 10 log10(0.05), or about 140 dB//μPa
This can be used to estimate either a conservative minimum-distance or maximum echosounder
(or fish-finding sonar) source-level requirement for all vessel traffic operating in the vicinity of
known habitats or observed specimens.
Assessment of the potential for disturbance should look at the vocalization parameters used by
the mammals as well as their hearing characteristics, since the two should match fairly well. This
is in fact one way in which the acoustic spectral sensitivity of larger marine mammals has been
estimated. Vocalizations in the form of chirps, clicks and amplitude-modulated waveforms have
all been observed. For groups of these animals to function well together, they must be able to
discriminate among multiple concurrent chirps and clicks, and these waveforms certainly lend
themselves to that. This suggests that chirp and CW pulsed echosounders might be less disruptive
even if they are audible to the mammals (but below the TTS and PTS thresholds). Dolphin clicks,
for example, have been found to be emitted in different burst patterns6 within in a herd.
Echosounders, on the other hand, normally operate with a constant pulse repetition frequency

6

Ambient Noise in the Sea, Urick, R.J., Peninsula Publishing, 1986.
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(PRF) unless the depth scale is changed. Similarly, an aspect of chirps and other wideband
waveforms related to their advantages in echosounders and sonars is presumably exploited also
by marine mammals. These waveforms are very sensitive to small changes, making one
distinguishable from another and conferring the resolution and noise suppression advantages for
which they are known. Consequently, in a manner similar to click bursts, an anthropogenic chirp
might not be disruptive provided the level is below the TTS value.
The characteristics of marine mammal vocalizations from various species are summarized in
Figure 3-1, supplemented by Figure 3-2 and Figure 8-2. The impulsive vocalizations are the ones
of primary concern in the frequency range of most echosounders and fishing industry sonars. Note
how the source levels in Figure 3-1 compare with the approximate 220 dB//μPa source level
(including transmit directivity) range of typical echosounders.
Figure 8-3 and Figure 8-4 show audiograms from odontocetes (toothed whales) and pinnipeds
(seals, sea lions and walruses), respectively. These are estimates of the threshold of perception
for sounds of different frequencies generated from auditory evoked potential tests. The plots are
normalized to a 1 Hz band, representing a power spectral density. Reference 19 is a more recent
and extensive paper on the topic. Echosounder power and energy absorption rate can be analyzed
to develop ranges at which signals will become imperceptible, as discussed in the next section.
Referring to Figure 8-3 for odontocetes, and with respect to echosounder operation:






40 dB//μPa is a conservative threshold for the baseline spectral density below which the
mammals will not perceive a signal across the frequency range from 10-100 kHz. This is
more sensitive than the aforementioned 65 dB//μPa value from Reference 16 and the 49
dB//μPa suggested by Reference 19, and less sensitive than the 34 dB//μPa listed in Table
9.1 of Reference 1.
Sensitivity drops rapidly above approximately 150 kHz. This suggests significant mitigation
advantages in the use of frequencies in that range, with 200-250 kHz becoming
increasingly common in newer devices. Figure 8-5 suggests that an average perception
threshold of approximately 65+15 = 80 dB//μPa could be used for MF cetaceans at 200
kHz.
The caveat is the finer detail of odontocete auditory processing which, as noted
elsewhere herein, has not yet been assessed for its impact on perception of pulsed
waveforms vs the tonals typically used to form audiograms.
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Figure 8-2: Mean spectra of whistles and clicks from dolphin herds (Urick, Ref 45)
A: Whistles, 300 animals; B: Clicks, 300 animals; C: Clicks, 80 animals

Figure 8-3: Odontocete Audiograms from Ref 22
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Figure 8-4: Pinniped Audiograms from Ref 22
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Figure 8-5: Auditory weighting scale for marine mammal sensitivities (Ref 16).
Species of interest here are MF cetaceans.

8.2 ECHOSOUNDER CHARACTERISTICS AND IMPACT
This section examines the potential impact of typical echosounders on nearby marine mammals
by calculating acoustic intensities and exposure levels as a function of slant range from the device.
This is done for CW and broadband (chirp) echosounders using parameters representative of
normal operation. The calculated levels are then compared with odontocete perception and TTS
acoustic limits estimated in the previous section, and the slant ranges at which these limits are
exceeded define the zones of concern. The focus is on odontocetes, of which the Southern
Resident Killer Whale is an example. The sensitivity range limit is the closest an odontocete may
approach the modeled echosounders/echolocation devices without perceiving them. The TTS
range limit is the closest the animal may remain to continuously operating devices for up to 24
hours without experiencing a temporary reduction in hearing sensitivity. This is derived from
Reference 16 as discussed in the previous section.
Since echosounders are downward-looking devices, the mainlobe of the beam pattern pertains
to both echosounding performance and the acoustic levels experienced by mammals directly
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under the vessel, whereas sidelobe responses pertain primarily to the laterally radiated acoustic
levels experienced by distant mammals.
The propagation model is simple, comprising iso-velocity water, spherical spreading and a
frequency-dependent absorption factor out to a slant range equal to the water depth, beyond
which vertically bounded cylindrical spreading is modeled by an R-1.5 range dependence to account
for boundary losses at the surface and bottom.7
This provides a rough approximation only; subsequent, more detailed work could apply models
along the lines of Rogers or Schulkin and Marsh8 for aggregated performance estimates, or ray
tracing models such as Bellhop for more accurate answers under specific conditions. The main
issue with most of the available models is the region of parameter validity, which typically does
not extend into the ranges of interest here.
Key echosounder parameters and their values are listed as appropriate on plots of device
performance and radiated acoustic intensities.
Figure 8-6 shows the results for a representative CW case, and Figure 8-7 shows the results
obtained by changing to a broadband/chirp waveform with other parameters unchanged. Figure
8-8 shows the mitigation advantages available when the performance gains due to the broadband
waveform are offset by reducing transmit power such that the broadband and CW cases have the
same range/depth performance.
The calculations are all performed at 50, 100 and 200 kHz and grouped in a number of vertically
aligned sub-plots in each Figure for comprehensive assessment and comparison.
The first two graphs in each Figure show, respectively, signal excess (SE) as a function of depth for
an echosounder with the stated parameters against an average seafloor with bottom backscattering strength -10 dB/sqm9 (top graph) and against a typical medium-sized fish or a number
of smaller fish in a school, with overall target strength -30 dB10. These values are chosen as
representative and will vary significantly with specific situations. Signal excess is the amount by
which the returned acoustic signal-to-noise ratio exceeds that required for reliable detection (the
detection threshold, DT). The associated mathematics is outside the scope of this document, but
DT = 10 dB has been used as a representative value here. The range/depth at which the signal
excess decreases to zero is the estimated detection range of the device in each case. That is the
important take-away from the SE graphs.

7

References 2, 3. It has been observed that in the Salish Sea area, R-1.8 is a better fit. That would render the
present acoustic limit estimates slightly conservative.
8
Underwater Acoustic Modeling and Simulation, 5 ed., Etter, P.C., CRC Press, 2018.
9
Reference 4
10
References 55, 56
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The second two sub-plots in each Figure show, respectively, the mean power spectral density
(MPSD) produced by the echosounder as a function of slant range for an observer in the sidelobe
region of the beam pattern (essentially laterally displaced), and for one in the mainlobe
(essentially underneath the vessel), as discussed earlier.
The MPSD plots also include horizontal lines representing the mean spectral densities above
which odontocetes are estimated to
a) perceive the sound (sensitivity limit), and
b) experience a temporary decrease in hearing sensitivity (but not permanent damage) as a
result of exposure to that sound (TTS limit).
The above two limits define the range of concern for present purposes, starting at imperceptible
noise and ending at the odontocete equivalent of having been at a loud concert. These are first
order estimates based on comparison of power spectral densities with audiogram data. They do
not yet take into account the finer details of odontocete auditory processing, effective integration
times, etc. that may produce differences between audiogram tonal responses and broadband
pulse responses.
Note that there are multiple lines for the TTS limit. In the literature, hearing sensitivity is
expressed as a function of frequency, whereas the TTS limit is expressed in terms of total
accumulated energy over a time period (the Sound Exposure Level, SEL). For comparison on the
same plot the TTS limit has been converted to a mean power spectral density by assuming the
pulse energy is evenly distributed across the pulse bandwidth. For broadband/chirp echosounder
waveforms, achievable pulse bandwidth is normally a percentage of centre frequency, and this
has been set at 40% for these examples, consistent with some well-known commercial broadband
devices. This results in a different MPSD TTS limit for each operating frequency (50, 100, 200 kHz),
as seen on the broadband/chirp plots. For narrowband/CW waveforms the pulse bandwidth
depends only on pulse width, which has been kept identical in each group of plots to allow sideby-side comparison of chirp and CW performance and odontocete interference. Therefore there
is only one TTS limit for the CW cases.
The sensitivity limit is shown as two lines, one for frequencies below 200 kHz and another for 200
kHz and above. This recognizes the significant drop-off in odontocete hearing sensitivity at the
higher frequencies – significant enough to warrant exploitation in mitigation measures. Note that
the 40 dB//μPa value used here for 50 and 100 kHz is only slightly above the average deep sea
ambient noise at Sea State 3 (Figure 8-10), comparable with the noise levels in the vicinity of the
Strait of Juan de Fuca (Figure 8-11), and corresponds approximately to the minimum levels
(maximum sensitivity) in the audiograms of Figure 8-3. It is lower than the overall average of 65
dB//μPa used in Reference 16 or the 49 dB//μPa of Ref 18. Consequently it is considered
conservative but reasonable. A nominal 200 kHz sensitivity value is difficult to determine from
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Figure 8-3. Instead, the average of 65 dB from Ref 16 was used along with the approximate 15 dB
rolloff at 200 kHz in Figure 8-5 (from the same reference), to arrive at 80 dB//μPa.
The TTS and sensitivity range limits for each frequency are the intersections of the Mean Power
Spectral Density (MPSD) curves with the aforementioned horizontal limit lines, representing the
closest an odontocete could approach without exceeding the limit. At ranges greater than the
sensitivity limit the animal will not even be aware of the echosounder. For clarity, these limits are
indicated by triangles for the TTS range limit and circles for the sensitivity range limit.
The graphs in Figure 8-6 and Figure 8-7 compare echosounders identical in all parameters except
for waveform (CW vs broadband/chirp), illustrating the following:
a) Statutory and practical operational echosounding requirements are easily met (top subplot).
b) For echosounders that combine fish-finding and bottom sounding (most commercially
available devices used by recreational fishermen and boaters), fish-finding is the
performance driver (second sub-plot). It is also the most likely purchase motivator in that
market segment, and consequently must take precedence over depth sounding in
considering both the market and operational impacts of marine mammal mitigation
measures. The range of 500 m at 200 kHz and 1200 m at 50 kHz is consistent with many
commercial devices.
c) The odontocete sensitivity range limit decreases rapidly as frequency increases (third and
fourth sub-plots), varying by a factor between approximately 6 (CW) and 9 (broadband)
in the sidelobe (lateral displacement) region over the 50-200 kHz range. This is primarily
due to the strong frequency dependence of acoustic absorption and, at 200 kHz, the rapid
drop-off in odontocete hearing sensitivity.
d) The sensitivity range limit is lower for broadband/chirp waveforms than for CW
waveforms. This is because the pulse power is spread over a wider frequency range at a
lower level. The effect is much smaller than for the frequency differences (25-60%) but
still useful. The slopes of the MPSD curves also mean that sensitivity range will change
rapidly with echosounder transmit power/source level.
e) The TTS range limit is far less sensitive to frequency than the sensitivity range limit,
varying by only hundreds of metres over the 50-200 kHz frequency range. This is primarily
because the signal levels required to exceed the TTS threshold correspond to short ranges
where spherical spreading rather than absorption is the dominant factor in signal
reduction.
f) The TTS range limit is the same for CW and broadband/chirp waveforms (compare the
second two graphs in Figure 8-6 and Figure 8-7). This is because it is a function of pulse
energy only, and not pulse waveform.
g) A 200 kHz device with the stated parameters will meet all normal fish finding
requirements (up to 500 m depth on a medium sized fish) and significantly exceed (1200
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m with approximately 1 m accuracy) the statutory minimum sounding requirements (200
m with 5 m accuracy).
h) At 200 kHz, reducing device power output or pulse width to just that required for
echosounding operation will result in unacceptable fish-finding performance.
i) There is ample room for such reductions at 50 and 100 kHz.
Figure 8-8 shows what happens when, instead of taking advantage of the increased range
performance of the broadband device, its power is instead reduced to maintain the same range
performance as the CW device. This can be used in principle as a marine mammal mitigation
measure.
Comparing the third and fourth sub-plots of Figure 8-8 with the other two Figures:
a) The odontocete sensitivity range limit in the sidelobe region (laterally displaced observer)
is reduced by a factor better than 2.5, and at 200 kHz is almost negligible. Odontocetes
could approach almost up to the vessel and not be aware of an echosounder at this
frequency.
b) In the mainlobe (below the vessel) at all three frequencies odontocetes will hear the
echosounder at all realistic diving depths (down to 200-300 m) below the vessel. Once
they move outside of roughly a 20 degree cone under the echosounder, however, the
sound level will drop off very rapidly. The impact is very localized and easily escapable.
c) Again, at all three frequencies, a temporary threshold shift could in principle occur at
realistic diving depths underneath a vessel; however, the animal will only intermittently
be at such a depth and location with respect to any vessel (the criterion of 24 hours
exposure for TTS will not be met).
Figure 8-9 and Table 8-1 summarize the overall impact of the mitigation measures discussed
above. In Figure 8-9, the blue lines connecting corresponding curves in the upper and lower plots
show the reduction in odontocete perception distance, at the associated frequency, that results
from changing CW transmissions to chirp transmissions with power is reduced to provide the
same range performance as CW. The red lines show the overall improvement available when that
is done starting at 50 kHz and, additionally, the operating frequency is changed from 50 kHz to
200 kHz. In all cases a chirp bandwidth of 40% of centre frequency is assumed.
Table 8-1 summarizes Figure 8-9, and the arrows within the table correspond to the blue lines
connecting the upper and lower plots in the Figure.
Overall, the following can be said for echosounders with regard to marine mammal mitigation:
a) Odontocetes are likely to perceive typical CW echosounders at lateral ranges within about
5.5 km at 50 kHz and 1 km at 200 kHz
b) The equivalent chirp echosounder is likely to be perceived at roughly 4.5 km at 50 kHz
and 500 m at 200 kHz
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c) This can be improved to roughly 2.5 km and 50 m respectively, by reducing the chirp
echosounder power to maintain the same performance as the CW case.
d) There is significant advantage in using frequencies at 200 kHz and above.
e) Combining that with typical echosounder vertical beam patterns, the animals could, for a
200 kHz echosounder, approach laterally within about 50 m of the vessel at depths down
to roughly 250 m and be unaware that an echosounder is operating.
f) Within a cone of roughly 20 degrees below the vessel and at realistic depths, however,
the animals will be aware of the echosounder at all frequencies.
g) When broadband/chirp waveforms are coupled with commensurate power reductions to
maintain the same performance, a decrease in lateral standoff distance for perception of
the echosounder in the order of 2.5:1 or better is available at any given frequency
compared with CW waveforms.
h) Broadband/chirp echosounders without the above power reduction provide reductions
in perception range, compared with CW, by factors of roughly 1.25 to 1.6 as frequency
goes from 50 kHz to 200 kHz.
i) Temporary threshold shifts are not a major concern since the animals will only
sporadically be at the necessary depths and locations with respect to passing vessels.
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Figure 8-6: CW echosounder characteristics
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Figure 8-7: Broadband echosounder characteristics
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Figure 8-8: Broadband echosounder with power adjusted for CW-equivalent range
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Figure 8-9: Mitigation summary graph – echosounders

Table 8-1: Mitigation summary table - echosounders
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Figure 8-10: Underwater average spectra adapted from Wenz with odontocete
audiogram overlay (Ref 15)

Vard Marine Inc.

Echolocation Devices and Marine Mammal Impact Mitigation

08 January 2020

Report 388-000-01, Rev 3

58

 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION

Figure 8-11: Recorded ambient noise spectra in the Folger Passage, near the Strait of
Juan de Fuca (Ref 43)

8.3 ECHOLOCATION DEVICE IMPACT
This section considers the impact on odontocetes of a typical fish-finding sonar, in the same
manner as Section 8.2 for echosounders. The main differences are in the beam patterns employed
and the assumption that their mainlobes are oriented primarily outward rather than downward,
so that the animals are assumed to be primarily in the mainlobe rather than the sidelobes.
The typical beamforming process for these devices differs in one important respect compared
with echosounders/vertical fish-finders. The sonars require good resolution in both azimuth and
elevation, versus just range (depth) for echosounders. Split-beam technology can be used in both
echosounders and sonars to provide refined resolution in the cross-beam directions, but its
impact on transmit power and beam patterns will be minor, with receiver signal processing being
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the main factor. Instead, this section considers a typical arrangement wherein resolution in both
azimuth and elevation is provided by combining a transmit beam that is wide in azimuth and
narrow in elevation with multiple receive beams that are narrow in azimuth and wide in elevation
(crossed fan beams). The result of combining these is a set of overall responses that are narrow
in both azimuth and elevation and allow much faster update rates than if a higher number of
narrow beams in both dimensions were transmitted. The important point is that for marine
mammal acoustic impact only the transmit beam pattern matters, and this is much wider in
azimuth (anywhere from 60 to 360 degrees) with commensurately lower source levels compared
with what the combined resolution numbers would suggest.
As with echosounders, range resolution is provided by the pulse width for CW waveforms and
pulse bandwidth for broadband/chirp waveforms.
The beamforming parameters here were chosen to be representative of a typical fish-finding
sonar, giving a transmit beam of 90 deg steerable through 360 deg in azimuth, by 6 deg in
elevation steerable from horizontal down to a 60 deg depression angle. These parameters can
then double as representative of a typical forward-looking navigation sonar. The receive beam
parameters are still required for an estimate of sonar performance; these are 6 deg in azimuth
and 60 deg in elevation, with multiple such beams formed to cover the 90 deg azimuth
ensonification of the transmit beam.
The other parameters (pulsewidth, bandwidth, frequencies etc.) are the same as for the
echosounder cases.
The same propagation model as for echosounders is applied, and Figure 8-12 through Figure 8-14
show the results in the same format as Figure 8-6 through Figure 8-8 for the echosounder cases.
Unsurprisingly, the results follow the same overall pattern as for echosounders, but with impacts
out to greater lateral distances due to the orientation of the transmitted power. The Figures
illustrate the following for typical fish-finding sonars:
a) The operational ranges at the three representative frequencies are compatible with
normal fishing operations.
b) The lateral distances at which odontocetes in the mainlobe (ensonified sector) will
perceive the sonar (sensitivity range limit) run from about 6.2km at 50 kHz down to about
1.2 km at 200 kHz, with the CW waveform (Figure 8-12)
c) For the broadband/chirp waveform these decrease to 5.4 km and 0.8 km respectively
(Figure 8-13)
d) When transmit power is reduced to take advantage of the broadband processing gain for
mitigation purposes, the perception distances decrease further to roughly 3.4 km at 50
kHz and 200 m at 200 kHz (Figure 8-14)
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e) The net available decrease in lateral standoff distance for the sonar to be imperceptible
to odontocetes in the sonar mainlobe then ranges from about 2:1 at 50 kHz to about 6:1
at 200 kHz, compared with standard CW echosounders.
f) The mainlobe region represents an operationally “avoidable” zone that operators of a
sector sonar can control by steering the sector away from any whales known to be in the
area, or from known habitats. However, even when steered away, the acoustic levels in
the sidelobe region still apply and these represent the absolute best that can be done
mitigation-wise without fish-finding performance degradation or turning the sonar off.
g) The corresponding “unavoidable” sidelobe acoustic levels result in perception distances
from 4.5 km at 50 kHz down to 700 m at 200 kHz, for CW waveforms.
h) For broadband/chirp waveforms these decrease to roughly 3.6 km, 2.2 km and 300 m at
50, 100 and 200 kHz respectively.
i) Finally, in the power-reduced broadband case, odontocetes in the sidelobe region should
be able to approach as close as roughly 1.6 km at 50 kHz, 900 m at 100 kHz and 20 m at
200 kHz, before perceiving the sonar.
The TTS limits discussed in Section 8.2 for echosounders will not necessarily apply in the same
way for sonars. The echosounder case made the simple assumption that an odontocete was
always within a given range of an operating echosounder for the 24 hour exposure period on
which the TTS limit is based, essentially on the premise of a nearby busy shipping channel. The
use of professional fish-finding sonars (as opposed to recreational fish-finding echosounders) is
likely to be far more sparse and sporadic, in line with the discussions in Section 7.2. Therefore the
estimates in Figure 8-12 through Figure 8-14 are likely very conservative.
The specific figures above are of course only representative and could vary significantly across the
variety of devices available on the market and the actual acoustic conditions.
Figure 8-15 and Table 8-2 summarize the overall impact of the mitigation measures discussed
above in the same way as Figure 8-9 and Table 8-1 for echosounders.
Table 8-2 is a tabular summary of the Figure, with the addition, in columns 2 through 4, of the
corresponding sonar detection range estimates on medium-sized fish as well as the in-sector
odontocete perception and TTS threshold distances. These in-sector values apply when the
mammal is in the sonar’s primary ensonified sector, assumed to be 90 deg in azimuth and 6 deg
in elevation and controllable by the fishing vessel operator. It is assumed that avoidance is
relatively easy, however, and attention remains focused on the sidelobe region from which there
is no escape. The arrows within the table highlight the same changes as the blue lines connecting
the upper and lower plots in the Figure.
The line corresponding to 100 kHz CW in Table 8-2 is highlighted as an example of a situation
where, for operational reasons, the recommended mitigation practice of higher frequencies and
wider bandwidths may be undesirable. Fishing sonars may provide a biomass estimation
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capability, where the objective is not detection or counting of individual fish but an overall
estimate of the aggregate biomass in a school. This may be better achieved by estimating the
overall target strength of the extended target corresponding to the school, using lower spatial
resolution and better penetrating power and, in turn, lower frequency, longer pulse CW
waveforms.
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Figure 8-12: CW fish-finding sonar characteristics
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Figure 8-13: Broadband fish-finding sonar characteristics
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Figure 8-14: Broadband sonar; power adjusted for same performance as CW
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Figure 8-15: Mitigation summary graph - fish-finding sonars

Table 8-2: Mitigation summary table - fish-finding sonars
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9 POTENTIAL MITIGATION AVENUES
The results of this initial investigation suggest a number of technical and operational strategies
for the mitigation of commercial sonar and echosounding emissions on marine mammals.

9.1 TECHNICAL MITIGATION
As noted in the descriptions in Section 6 (and in more detail in Appendix A) there are various ways
in which echosounder and sonar designs could be modified to reduce their effects on marine
wildlife, and in particular on marine mammal populations. Some of these would impact cost, and
others could impact performance. Identifying the best options will require consultations with
manufacturers and users, but in the interim many owners may be ready to select less intrusive
systems if provided with information explaining how this can be done.
A highly effective measure is to use operating frequencies above 160 kHz. All evidence suggests
that marine mammals have sharply less sensitivity to these higher frequencies. Also, they are
more rapidly absorbed by the water, reducing the range at which they will be audible. There are
no technical barriers to meeting the IMO echosounder performance standards for depth or
accuracy at these frequencies. Trawl sonars and fish-finding sonars with short to medium range
requirements should also be able to use them successfully.
Devices capable of operation at and above 200 kHz and/or with chirp waveforms have become
readily available at low cost over the past few years, particularly in the recreational and sport
fishing markets, which also likely contribute a substantial portion of the underwater radiated
noise in the areas of concern in BC waters. Their combined advantages should make them
simultaneously attractive from both a user and marine mammal mitigation perspective,
suggesting that a route to mitigation could be to begin encouraging the purchase and use of those
devices. With the assumptions used in this document, a 200 kHz device with an 80 kHz chirp
capability will produce a spectrum extending down to approximately 160 kHz. This abuts the
upper end of the odontocete hearing range, and energy spilling into that range will begin to
increase with further decrease in operating frequency or further increase in chirp bandwidth at
200 kHz. Spectral sidelobes may also be produced by such devices, although the chirp spectrum
drops off rapidly outside the chirp bandwidth and, in a well-designed device, should be well
controlled. To guarantee effectiveness as a mitigation method, limits could be placed on radiated
acoustic energy from such devices below 160 kHz. This situation becomes less demanding as the
operating frequency increases or chirp bandwidth decreases.
Some of the newer devices allow either a broad range of user-selectable frequencies or selective
operation at either or both of a fixed low and high frequency pair. Older devices lacking that
capability could at least be operated at the minimum selectable power, pulsewidth and update
rate to minimize both the sound exposure levels and overall acoustic power spectral density
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experienced by marine mammals from continuous vessel traffic. This is also covered in the next
section on operational mitigation.
High power is not necessary to meet current regulatory range (depth) requirements. Virtually all
commercial systems now greatly exceed the IMO echosounder depth requirements, and unless
some form of power management is provided they will be using higher powers than are strictly
required. While many do provide manual or automatic power control as a function of selected
depth scale, this is not universal. The ability in all devices to select reduced power when in
sensitive sea areas would be helpful. Adaptive power control could also be implemented for
echosounders to use only the power required for the immediate bottom-detection requirements.
Analagous technology is used in other fields (for example cellphones managing their transmit
power to just maintain the required link quality) but would need expensive and otherwise
unnecessary design modifications for application to echosounders.
Advanced signal processing can reduce power requirements and likely also make echolocation
signals less disruptive to wildlife, as discussed above. Broadband (chirp and similar) systems are
readily available today that utilize this approach, and one recommendation arising from this work
is the adoption of such systems as primary means, the mechanism for such adoption becoming a
policy issue. Other technologies such as minimum power, low-probability-of-intercept sonar are
under development in the military sonar field which could be adapted for commercial use in the
future. There would, however, be little motivation to do so in the absence of some stringent
regulatory requirements, and the results of this study suggest that adequate mitigation is
probably available via the other means discussed.
Overall, the main impediment to technical mitigation is probably the large number of legacy
systems in use across all market segments, with a predominance of operation with CW waveforms
below 100 kHz, well within the most sensitive hearing range of killer whales. Phasing these out
without major disruption is a long-term proposition, but some simple mechanisms could perhaps
be installed without major cost or disruption to commercial operators, as follows.
An approach that has been suggested for dual frequency systems without the inherent ability to
turn off the low (typically 38 or 50 kHz) frequency is a switchable inline filter that would attenuate
or eliminate those transmissions. A simpler, cheaper option where dual transducers are used (as
with widely spaced 50/200 kHz systems) might just be a switchable dummy load. In either case
the owner or operator must be aware of and willing to implement and use such a modification.
Further, any related type approval implications must be understood.
Figure 9-1 shows notional modifications addressing the low frequency suppression issue where
the low frequency channel cannot be separately turned off. It also shows the potential inclusion
of an inline filter to suppress spurious low frequency emissions from the high frequency channel.
This is for illustrative purposes only; manufacturers will need to be consulted to fully assess
options and implications in these cases.
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Possible alarms on selection of dummy load
 LF channel signal loss
 Depth disagree LF/ HF
 Other...

Potential field mods in red

Possible manufacturer software mods



Controller

May be integrated

Transmitter/ Receiver
LF Channel

Allow independent LF control
&/ OR
Eliminate potential LF channel alarms or
HF-LF comparison alarms when dummy
load is active

Transmitter/ Receiver
HF Channel

Possible inline high-pass filter
 Suppress spurious energy below
160 kHz
 Design needs care

Locate switch at operator position

LF Inhibit



Normal

Locate near transmitter
Absorbs LF energy during LF inhibit

Dummy Load
LF Transducer
Typically <50 kHz
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Figure 9-1: Notional LF suppression field modifications
For devices operating only in the low frequency CW regime, some mitigation should still be
available by installing a switched attenuator between transmitter and transducer since, as noted
in Section 8.2, IMO and National sounding requirements are easily met in representative
scenarios, with significant signal excess. Again, type approval implications must be understood.

9.2 OPERATIONAL MITIGATION
Some operational measures for echolocation noise control are already in use for more general
approaches to URN reduction. This includes routing away from known critical habitats and using
cetacean and other sightings to make course corrections, where possible given other operational
constraints. As is evident from the graphs and tables of Sections 8.2 and 8.3, appropriate
avoidance distances will vary greatly with the type of device carried by the vessel. They may
exceed 5 km for CW devices at or below 50 kHz and be as low as a few tens of metres for chirp
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devices above 200 kHz. The larger separations may be unachievable in some areas including parts
of the Salish Sea.
While in or transiting sensitive areas, or when killer whales (in particular) are sighted or known to
be within (nominally) 5 km, operators could be encouraged, where their devices support it, to
switch to a mode that uses only the highest frequency available that is not below 160 kHz –
preferably 200 kHz and above, and to use the shallowest depth scale, lowest power, shortest
pulsewidth (greatest resolution, in the case of CW devices) and longest update period appropriate
to their operations. The availability and implementation of these means will be make- and modelspecific and will likely require some combination of purpose-driven explanation in vendor
materials and/or or an awareness campaign by the relevant authorities.
For multi-frequency devices without inbuilt ability to turn off the lower frequencies, it should be
possible to install switchable dummy loads or filters as discussed in the previous section.
In both of the above cases operational procedures would have to be developed for deactivation
in sensitive regions and reactivation on exit, while retaining at least compliance with IMO and
National sounding requirements, along with depth alarms and clear indication of the operational
status of each channel (which could be just a clear switch position). Care will be needed to not
disable depth alarms as an unintended consequence if a multi-frequency device only generates
an alarm on certain channel(s).
For echosounders that only operate in the lower frequency range, typically 38 or 50 kHz and that
do not have sufficient built-in operator accessible power control, switched attenuators could
potentially be installed and used as noted in the previous section.
The availability of highly accurate satellite navigation combined with electronic charts – in most
coastal sea areas, though not yet in all – could allow echosounders to be considered as more of a
backup in most operations.
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10 SUMMARY AND CONCLUSIONS
This report presents an initial characterization of the impact on at-risk marine mammals of
echosounders and echolocation devices used in common civil marine applications. This work has
general applicability, but its geographical focus has been on British Columbian coastal waters,
which are key habitats for several endangered species such as the Southern Resident Killer Whale
(SRKW). These waters are host to a wide variety of activities including busy shipping lanes into
and out of the Port of Vancouver, pleasure craft, whale watching vessels, commercial, amateur
and sport fishing, all of which make use of these devices, fundamentally either for safety of
navigation or in relation to fishing. Less widespread activities associated with other offshore
industrial, scientific and naval activities are excluded from consideration. A study of the statistics
of echosounder usage (numbers, characteristics etc. in each sector) is beyond present scope but
would be beneficial.
The impact of these devices has been assessed in terms of the distances at which odontocetes
will perceive them and, for echosounders in particular, the distances at which prolonged exposure
can be expected to produce a temporary reduction in hearing sensitivity (Temporary Threshold
Shift, TTS) but no physical damage. The latter is analogous to the effect on a human attending a
loud concert. These two limits are considered to bound the range of increasing concern, from zero
to unacceptable. The ideal is that device operation is both imperceptible and non-injurious to the
odontocete.
Analyses performed for this report show that in representative scenarios odontocetes can be
expected to perceive echosounders out to distances exceeding 6 km, and suffer temporary
hearing impairment from them after prolonged (24 hour) exposure out to distances of almost 2
km. With appropriate mitigation measures this can be reduced to the point where they could be
almost alongside a vessel without effect, while the device can still meet normal functional and
performance requirements associated with navigation and fishing operations.
Mitigation measures and their effectiveness have been discussed and assessed. The most
accessible of these in the general commercial market are the use of chirp waveforms, operating
frequencies outside the auditory response range, preferably 200 kHz and above, and ideally both
in combination. Higher frequencies also allow wider chirp bandwidths, which in turn provide
better resolution, a strong selling point for fishing applications, both for characterizing fish and
schools and for discriminating near-bottom fish. The commercial market is already moving rapidly
in this direction due to these performance gains and the availability in recent years of costeffective implementations.
While such high frequencies result in substantially reduced range capabilities compared with 38
and 50 kHz devices, this report shows that the achievable ranges are still adequate for all normal
civil fishing and navigation purposes, and the regulatory requirements for echosounding
performance are still easily met.
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In short, fish-finding performance is the driver rather than regulatory compliance.
With the right device parameters, all of the above can be achieved at pulse powers much lower
than the relatively standard 1kW value, and when this is done the impact on the SRKW and other
odontocetes can be reduced to the point that they will rarely even be aware that the device is
operating, almost until they pass under the vessel.
Even with 200+ kHz operation, a lower frequency capability in the tens of kHz is sometimes
desirable for more effective bottom type characterization or in highly turbid or bubbly water.
These frequencies may be perceived by odontocetes at significant distances (6 km or more), and
could produce temporary hearing loss out to distances exceeding 1 km - making it highly desirable
to be able to turn them off or control their power output to very low levels independently of 200+
kHz operation. Laterally radiating fish-finding sonars are worse than echosounders in this regard,
with odontocete temporary hearing impacts potentially out to almost 2 km in the low frequencies.
For many newer echosounders with multi-frequency capability, it will be possible to
independently control operation on each frequency but for some, particularly older ones, this
flexibility might not be available. In those cases, modifications such as switched attenuators,
dummy loads or filters on the low frequency channel(s) appear to be economically feasible and
simple to implement. Where the installation must be IMO compliant, the impact of any
modifications on type approval must be considered.
Since the SRKW problem is immediate, short term measures are needed. In the shipping and
commercial fishing sectors, large numbers of devices operating with CW waveforms at 38 and 50
kHz, among others, will remain in service for a long time with little motivation to upgrade on a
time scale matching the urgency of the SRKW situation. The large sport and amateur fishing
markets are likely the most amenable to upgrades due the “latest and greatest” syndrome and
simplicity of installation and replacement. At the other extreme, commercial shipping operators
and the commercial fishing fleet will face non-trivial unwanted expenses, particularly for throughhull transducers that may require either dry-docking or diver operations to install a new
transducer. Those operators will also often use CW devices solely at the lower frequencies of
greatest concern. Procedural methods for power reduction (where the device adequately
supports it) and operating parameter selection in the vicinity of sensitive areas may be the best
approach in those cases. In the absence of that, cost-effective modifications could be considered
as above.
For modifications involving power reduction or deactivation on low frequency echosounder
channels where no 200+ kHz channel exists, consideration will have to be given to the safety
aspects – clarity with regard to channels that are inactive, inability to disable all channels at
once, and inability to select such low power that IMO and National sounding performance
requirements are not met.
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11 RECOMMENDATIONS
In consideration of all the above it is recommended that the following measures be given
consideration and potentially developed in detail. The TBD values would need to be determined
as part of that development. A study of the statistics of echosounder usage, cost-benefit analyses
and methods of cost minimization for these measures are outside the scope of this report but
could be developed by sector to aid policy makers and verify commercial feasibility.
a) For new or replacement installations, use echosounding and echolocation devices with
the following characteristics at minimum:
a. Meeting or exceeding existing IMO and National performance requirements for
echosounders
b. At least one channel with centre frequency at least 200 kHz and
i. Compliant as above
ii. Broadband waveforms (chirp or other) with lower edge of passband not
below 160 kHz at TBD dB down.
iii. Source Level/Pulse power adjustable over TBD range either automatically
or by operator manually. At no time should it be possible to select a level
that would compromise the ability to meet the regulatory depth
sounding requirements.
c. For devices with additional channels capable of SL/Pulse power greater than TBD
below 160 kHz
i. Clear indication of when the low frequency channels are operating
ii. Ability for operator to either deactivate transmissions on those channels
or reduce transmitted power to less than TBD dB
iii. Broadband waveforms (chirp or other)
iv. Control of pulse parameters separately from the 200+ kHz channel.
b) For current multi-frequency installations with a 200+ kHz IMO/Nationally compliant
channel and additional channel(s) at 160 kHz or below:
a. Means be installed, if not already present, for operator to disable transmissions
below 160 kHz or reduce SL/pulse power below 160 kHz to no greater than TBD.
Such a measure will benefit from further study of the most cost-effective, least
disruptive ways of achieving this, which could include switched dummy loads,
attenuators or filters and should not require changes to existing transducer
installations.
b. Clear indication of whether the lower frequency channels are active, or of the
attenuation level in effect (each may be as simple as a switch position)
c) For current installations without a 200+ kHz channel:
a. As for b) above, but at least one channel to remain compliant with IMO/National
echosounding performance requirements.
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d) A set of mandatory avoidance/standoff distance requirements from known habitats and
sighted odontocetes should be developed, based on the preliminary results of Sections
8.2 and 8.3 of this report, when echosounder use is unavoidable or highly desirable for
safety of navigation reasons. These distances must incorporate standard navigational and
procedural considerations and be harmonized with standoff distances that may be
developed from consideration of vessel hydrodynamic and machinery-generated URN.
Standoff distances should be grouped into classes similar to the list below, with increasing
TBD standoff distances going down the list. The same make and model of device may be
placed into a higher category if augmented by approved technical mitigation measures,
as discussed in Section 9.1. Operational measures (Section 9.2) will need to be considered
and harmonized.
a. Echosounders that are IMO-compliant when operating at or above 200 kHz with
broadband waveforms and source levels operator-controllable to below TBD, and
for which operation at any additional frequencies below TBD (160 kHz) can be
operator-disabled.
b. Echosounders as in a. above but lacking either the aforementioned control of
source level or broadband waveforms at or above 200 kHz
c. Echosounders as in a. above except that operating frequency is below TBD (160)
kHz
d. Echosounders as in b. above but operating below 160 kHz
e. Fish-finding sonars – as for echosounders provided omnidirectional transmissions
are not used and any search sector is oriented to exclude direction(s) of
odontocete habitats and sightings.
e) Consideration be given to near-term provisions for
a. Reducing or removing any type approval cost/effort disincentives that may be
perceived by echosounder manufacturers in introducing new devices with
advanced technologies into the 150+ GT vessel market. (See Section 5 of this
report). This recommendation will benefit from manufacturer interaction.
b. Facilitating the installation and use, by vessels of 150 GT and above in sensitive
areas and with appropriate caveats, of advanced technology (200+ kHz,
broadband) echosounders that are commercially available but not typeapproved.
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APPENDIX A – FOUNDATIONS
This section provides the background to terminology used and characteristics discussed in the
main body of the document. Mathematical and detailed technical treatments are kept to a
minimum (although not completely avoidable) as are assumptions of domain knowledge.
Quantities are normally expressed in logarithmic units of deciBels (dB) = 10*log10(quantity) since
the phenomena of interest are exponential in nature and/or extend over many orders of
magnitude.
The fundamental characteristics of importance to the discussion are outlined below.

A.1 ACOUSTIC INTENSITY (I)
Acoustic intensity at any location is the acoustic power flowing per unit area at that location. The
acoustic energy delivered to a receiver (biological or man-made) is the intensity multiplied by the
projected area of the receiver and a duration. This is key to acoustic detectability at one end of
the scale and damage levels at the other.
The fundamental units of acoustic intensity are Watts/m2. However, intensity is proportional to
the mean square acoustic pressure variation and it is normally more conveniently expressed in dB
form by reference to the sound pressure in microPascals, in units of dB//μPa. The // notation
indicates this “by reference to” relationship between different units. That is, although we are
quantifying something that has units of W/m2 we are doing it by reference to something that has
units of root-mean-square (RMS) pressure.
The relationship is I = P2/ρc, with P the RMS pressure, ρ the water density, c the speed of sound
and ρc constant for present purposes.
Since Intensity is proportional to the square of pressure, I = 20 log10(P) + C dB//uPa and the
constant drops out in all calculations that compare two intensities.

A.2 SOURCE LEVEL (SL)
Source level is the intensity that would be produced on a 1 m sphere centred on the source if all
acoustic power radiated by the source were distributed evenly across the sphere’s surface (i.e. in
all directions). Sometimes referred to as an isotropic radiator.
For a directional source a factor (the transmit Directivity Index, DI) may be included in source level
calculations so that the source level then represents the apparent intensity from an equivalent,
more powerful isotropic radiator as measured along the maximum response axis. In some
situations, it is more convenient to keep DI as a separate factor. See Section A.4 for further
discussion of DI.
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Source level is normally expressed in dB//μPa.
SL is the starting point and combines with the other parameters below and propagation
calculations to determine the acoustic intensity produced at any remote location by an acoustic
source.
Many echosounder suppliers cite transmitter power rather than source level for their products.
For a transmitter of power output W watts feeding a transducer of efficiency η < 1, the
relationship is
SLomni = 10 log10(W) + 10 log10η + 170.8 dB//μPa @ 1 m
Typical echosounders have power levels ranging from 500 W to 5 kW, (27-37 dBW) and
efficiencies may range from roughly 20-70% (-7dB to -1.6 dB).
With those values the overall range of echosounder source levels, before the directionality of the
transducer is considered, is approximately 191-206 dB//uPa @ 1 m.
When the transmit Directivity Index is added per the previous section, a typical value for a 1kW
echosounder SL is 215-220 dB//μPa.

A.3 POWER SPECTRAL DENSITY (PSD)
Acoustic power spectral density (PSD), or simply the power spectrum, describes the distribution
of transmitted, received or background power as a function of frequency. Comparison of the
estimated PSD with sensitivity curves for species of interest gives a first order indication of
frequencies, waveforms and power levels of concern and potential mitigation approaches.
The fundamental units of PSD are Watts/Hz. For underwater acoustics work it is more
conveniently expressed in intensity terms as a decibel ratio with the power corresponding to a 1
μPa RMS sound pressure level, i.e. dB re μPa2 per Hz.
The power spectrum describes the distribution of intensity in the frequency domain in the same
way that the beam pattern describes it in the spatial domain. The combined distribution in space
and frequency provides two corresponding mitigation/avoidance strategies for marine mammal
impact.
The PSD is normally denoted S(f), a function of frequency.

A.4 BEAM PATTERN
Beam patterns (more specifically the transmitting and receiving response patterns) describe how
the source power and receiving response are concentrated into preferred directions and
suppressed in others.
The most common reasons for doing this are to:
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Increase detection range by focusing transmitted energy in the desired direction and
suppressing undesired responses (noise, surface and bottom backscatter and volume
reverberation) from other directions
Provide angular resolution by dividing azimuth or elevation coverage into either multiple
offset beams or scanned beams,
Increase resolving performance and sensitivity of the system by suppressing “leakage”
into any given beam of the energy returned from directions outside of that beam
(sidelobe energy)
Suppress energy transmitted in undesired directions

Sonars and echosounders spatially shape the transmitted power and the receiving response into
preferred directions via a combination of transducer physical characteristics and arrangement of
multiple transducers into coherently processed arrays, the latter being far more common in
military sonars.
Transmit and receive patterns take the form of a main lobe (a range of angles about the desired
direction and accounting for most of the transmitted or received energy) surrounded by sidelobes
(the “undesired” angles) where response is suppressed but not eliminated. See figures below. In
the polar plots, the radial values are the response in dB relative to the maximum response axis
(MRA) and the angular values are in degrees away from MRA.
For most echosounders the transducer-level response pattern is sufficient, and with commonly
used circular transducer faces takes the basic form of a 2D Bessel function with -17 dB first
sidelobes. More expensive systems may tailor the beam pattern for better characteristics (second
Figure below), but this is not normally necessary or done for navigational and fish-finding systems.
Other systems including split-beam and multi-beam echosounders require multiple
transducers/sensors, and of the device types of interest, forward-looking sonars have the greatest
complexity.

Figure A- 1: Example of an echosounder beam pattern (Simrad)
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Figure A- 2: Beam Pattern of a scientific echosounder (Ref 56)
Beam patterns are characterized to a first order by the following key parameters:








Directivity Index (DI) – the dB ratio by which the acoustic intensity on the main transmit
axis is increased over that of the theoretical omnidirectional source of the previous
section. It adds to Source Level to define the total intensity of the radiated acoustic field
along the main transmit axis, on the theoretical 1 m sphere mentioned in the previous
section. Depending on the application domain, DI may or may not be included as a factor
in computing source level, rather than as a standalone term. Sometimes it is more
convenient to keep it as a separate term, for instance when different beam shapes may
be synthesized using the same array. In this document, DI is included as a contributor to
SL.
Array Gain (AG) – the dB ratio by which the received signal-to-noise ratio on the main
receive axis is increased compared with an omnidirectional receiver. Analogous to DI and
expresses how well the receiving aperture collects energy from the desired direction and
suppresses everything else. When the noise field in which the sonar is operating is
isotropic (same in all directions), AG = DI.
Beamwidth - the angular range over which the “desirable” (mainlobe) energy is
concentrated. Theoretical transmitting and receiving patterns always contain at least a
global maximum (mainlobe), a number of significantly lower local maxima (sidelobes) and
a set of intervening nulls. Beamwidth is measured between the two angles either side of
the maximum response axis at which the response is first 3 dB down (half the on-axis
power). For rough calculations the width between the first two nulls is often used, and
the 3dB value is related to this by a factor that depends on the beam forming process.
Side-Lobe Level (SLL) - the dB ratio by which “undesirable” energy (everything outside
the mainlobe) is suppressed relative to the maximum response in the main lobe. This may

Vard Marine Inc.

Echolocation Devices and Marine Mammal Impact Mitigation

08 January 2020

Report 388-000-01, Rev 3

A-4

 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION

be expressed in various ways depending on what matters in a given situation. The two
important measures are peak SLL, normally the level of the first sidelobe either side of
the mainlobe, and the average sidelobe level, a measure of the overall average
undesirable response level. Peak SLL, next to beamwidth, is key to angular resolution
because it characterizes the worst-case amount of energy from neighbouring angles
“leaking” into the desired (mainlobe) range of angles.
The mathematics of beam patterns and the related aperture function are beyond the present
scope; it is enough to note the following:




Beamwidth depends on the ratio of acoustic wavelength to the largest physical dimension
of the radiating structure (which may be either a single element or an array of them). For
a given structure, increasing frequency results in decreasing beamwidths and vice versa.
Alternatively, for a defined frequency, a decrease in beamwidth requires an increase in
size of the radiating structure, and vice versa.
Other things being equal, beamwidth and sidelobe level are inter-dependent and
generally must be traded off against each other. A lower sidelobe level (desirable) comes
with the undesirable consequences of a wider and/or less well-defined (in terms of sharp
spatial response cutoff) mainlobe. For a fixed radiating structure shape such as a
cylindrical transducer, there are limits to what can be done by manufacturers to modify
these characteristics. With arrays of sensors, shaping is more easily accomplished by
weighting the responses of the sensors.

A.5 BANDWIDTH
The bandwidth of a signal is the contiguous range of frequencies over which its power is
concurrently spread. It is normally, but not always, described as a frequency spread rather than
actual limit frequencies. As with the spatial spread of transmitted power, the spectral spread is
conventionally measured between the two points at which the values are first 3 dB down (half)
from the maximum value. This is not always meaningful but suffices for present purposes. Also as
with the spatial case, it is often good enough to just use the frequency difference between the
first two nulls either side of the spectral mainlobe.
Just as the spatial power distribution has sidelobes, the power spectrum of a pulsed signal typical
of echolocation devices will have spectral sidelobes. Analogous with the spatial case, this can
result in power “leakage” into unintended frequency ranges. However, attempting to suppress
that will result in undesirable consequences for range response and range resolution in pulsed
echosounders and sonars. This is an example of an unavoidable trade-off.
Bandwidth is normally denoted W or B. Here we use W.
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A.6 CENTRE FREQUENCY
Centre frequency, in traditional use, has been the single frequency of a “carrier” or signal that is
used to carry information. Impressing information upon the carrier spreads its power spectrum
about that central frequency, and we talk of a centre frequency and a bandwidth. Modern
technologies and the low frequencies (relatively speaking) involved in underwater acoustics allow
for sophisticated signal processing and direct transmission and reception of acoustic energy
without an explicit carrier. Consequently the notion of a centre frequency becomes more of a
mathematical convenience and the centre frequency can be defined in a manner convenient for
the signal processing. In the absence of any other definition it can be taken as the arithmetic mean
of the upper and lower 3 dB frequencies of the PSD of the waveform being transmitted. This will
be the “frequency of operation” cited for an acoustic device.
Centre frequency is normally denoted f0 or fc.

A.7 WAVEFORM
The transmitted waveform defines how the instantaneous acoustic pressure varies with time at
the transmitter and thence the transmitter power spectrum, or PSD discussed above.
The waveform (not pulse width, although for CW systems it becomes equivalent) sets the
achievable resolution in slant range (depth in the case of an echosounder). The duration (also the
integrated energy under the PSD plot) sets the total energy in the transmission, and thence the
achievable detection range and the quality of various parameter estimates in the receiver
processing.
Effect on Slant Range Resolution
With c the speed of sound and W the spectral bandwidth of the transmitted signal, the achievable
slant range resolution is
𝑐
∆𝑅 =
2𝑊
It is important to note this is a function of the bandwidth of the waveform, not its time duration,
although the two are linked for CW pulses. The distinction is exposed below as we consider Pulsed
CW waveforms and broadband waveforms, both of which are used in modern echosounders.
Pulsed CW Waveforms
For a given transmitter power the simple pulsed CW (sinusoidal) waveform used in classical echosounders suffers from an inverse relationship between range and resolution capability. Increased
range capability requires increased energy which, for a given transmit power, can only be
achieved by increased pulse width T. For the pulsed CW signal this results in decreased bandwidth
(W ~ 1/T) and, from the above, loss of resolution. Conversely, decreasing the pulse width results
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in better resolution at the expense of range, which is quite acceptable, in fact desirable in short
range cases, and the signal becomes more like the “click” used by cetaceans for nearby prey
location.
For straightforward depth sounding applications loss of resolution with range is not a significant
issue since the need for depth resolution decreases as depth increases.
For fish finding and classification, however, high resolution at maximum range or depth is
desirable, and with CW waveforms can only be achieved via increased transmitter power as the
pulse width is decreased for better resolution.
Broadband Waveforms
Other waveforms do not have this limitation. Various waveforms can be used, but the most
common due to ease of processing is the “chirp” waveform, which linearly ramps either the
transmitted frequency (Linear Frequency FM - LFM, LFFM) or period (Linear Period or Hyperbolic
FM – LPFM, HFM) up or down during the transmit period and looks for a matching waveform
during the reception period. LPFM/HFM is the better of the two for general use since its
performance remains invariant to relative source-target speed over a wider range. For
echosounding where the target is the bottom, LFM can also be used effectively. For fish-finding
sonars LFM can be designed to work well also, at the relatively low speeds involved.
These waveforms are members of a class known as broadband waveforms (terminology varies;
sometimes they are called wideband, but wideband is often used to mean “operating over a wide
range of frequencies”, which is not the same thing). Broadband waveforms are those for which
the product of their bandwidth, W and duration, T, fulfills WT > 1. A theoretical signal processing
gain proportional to the time-bandwidth product is available if a receiver knows exactly the
waveform it is looking for. WT values into the hundreds may be usefully exploited in underwater
situations, as has been done in military sonars for many decades. Broadband pulses are similarly
employed in radar with WT values into the thousands. This technique has been rapidly adopted
in commercial sonars and depth sounders in recent years as related transmitter and processor
technologies have become economically accessible.
Broadband waveforms and processing could thus be exploited for a reduction in transmitted
power by a factor WT compared with a pulsed sinusoidal waveform while maintaining the same
range performance and additionally, because the energy is spread over a wide range of
frequencies, the power spectral density at any given frequency is commensurately reduced. This
provides a compound advantage for marine mammal mitigation. While vendors are more inclined
to maintain power levels and take competitive advantage of the improved range-resolution
performance, these mitigation advantages can be exploited if device power is settable over a wide
enough range, 100:1 being a good match for the range of WT values likely to be available in
capable systems.
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Figure A- 2 and Figure A- 3, respectively, illustrate hypothetical single frequency CW and FM
pulses. Duration and frequency are unrealistic so that the important features are visible. Realistic
values are in the millisecond range for pulse width and tens to hundreds of kiloHertz for
frequency, resulting in many more cycles within a pulse than could be clearly shown.
Figure A- 10 shows the theoretical CW (red) and Chirp (blue) spectrum for a pulse with realistic
parameters (200 kHz centre frequency, 80 kHz chirp bandwidth). The CW and Chirp pulses have
the same power; the blue curve shows the reduced spectral density achieved by spreading the
power over a wider frequency range. Also shown, in the green curve, is the result of reducing the
transmit power to a level that gives the same range performance as the original CW pulse.

Figure A- 3: Hypothetical CW Pulse
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Figure A- 4: Hypothetical Chirp Pulse

Figure A- 5: Theoretical pulse spectra. Chirp and CW have same power. Power
managed chirp has power reduced to give same detection performance as CW
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FMCW Waveform
This is a special case where transmission is not pulsed but consists of a continuous waveform
whose frequency varies linearly and repetitively up and down. Receiver signal processing
determines the presence and range of objects via spectral analysis.
This allows very low transmitted power which, along with the lack of rapid onset or impulsive
characteristics, would in principle be friendlier to marine life. Some radar systems operate on this
principle, and work has been done on its application to sonar. The main difference is the same
one that complicates other radar-sonar comparisons – the ratios of propagation speeds,
frequencies and Doppler shifts.
Waveform Examples
Examples of CW pulses from a commercial echosounder measured in a test tank are provided in
Figure A- 6, and Figure A- 7 shows their measured spectra11. The device was operating at 38 kHz.
Note the second harmonic at 76 kHz, suppressed by approximately 35 dB compared with the
fundamental. Spurious responses such as this are to some degree unavoidable, and their control
is important for full realization of the mitigation measures discussed in this document. Spectral
performance of echosounders is make- and model-dependent.
Figure A- 8 shows sample pulse waveforms (CW in the left, FM chirp on the right) from a scientific
echosounder, along with their spectra and acoustic sound pressure levels in a test tank. Note the
second through fourth harmonics.
Figure A- 9 shows two representative chirp waveforms. In the second example the pulse shape
has been tailored (shaded, windowed) to control undesirable range sidelobes that can produce
ghosting and other deleterious effects on the final output. The tradeoff is evident – much lower
range sidelobes but reduction of range resolution compared with the unshaded pulse.

11

Reference 56
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Figure A- 6: Sample pulses and spectra. Left: 38 kHz CW. Right: 33-47 kHz chirp.
3dB bandwidths marked in middle plots (Ref 56)
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Figure A- 7: Echosounder CW Pulse Examples (Ref 56)

Figure A- 8: Pulse spectra for Figure A- 7
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Figure A- 9: Simulated chirp pulses and their range resolution properties (Ref 56)

A.8 PULSE REPETITION FREQUENCY/INTERVAL (PRF/PRI)
The pulse repetition frequency (PRF) is the repetition rate in pulses per second (PPS) with which
a given waveform is transmitted. It is sometimes considered a waveform parameter, but typically
treated separately.
In underwater acoustics work it is generally more convenient to use pulse repetition interval since
ranges and sound speed result in periods of seconds between pulses. One exception of interest
may be waveforms that consist of pulse bursts. Dolphin clicks have been observed to have that
characteristic, as do some sonars.
In general PRI is a function of the range/depth scale at which the device is operating.
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A.9 PROPAGATION
General
The acoustic intensity at any location resulting from a single echosounder is estimated from its
source characteristics and level, directivity index and beam pattern, together with a propagation
model that determines the resultant acoustic field versus position based on the local ocean
environment and the source and receiver locations. In busy vessel traffic areas the superposition
of a geographically distributed number of these can be used to estimate an overall intensity in
areas of marine mammal concern.
Operational propagation calculations for echosounders are simple due to short ranges, vertical
paths and relatively high frequencies, the dominant factors being spherical spreading and energy
absorption due to chemical and physical loss processes in the seawater. Figure A- 10 shows the
clear water absorption coefficient in dB per km for various regions, as a function of frequency.
The important point to note is the strong frequency dependence and the values ranging between
12-30 dB/km over the 50-200 kHz operating frequency ranges of most echosounders. Turbidity in
shallow coastal waters adds significant further absorption from particulate and bubble
interactions, as evidenced in Figure A- 11, from Ref 39. This is bad for sonars and echosounders
but good for marine mammal impact.
For laterally propagating echosounder energy affecting susceptible marine life in littoral waters
the situation is more complex. The propagation paths involve refractive effects and multiple
surface and bottom interactions, resulting in transmission losses quite different (both positively
and negatively) from simple spherical or cylindrical spreading predictions. The bathymetry of the
Salish Sea (Figure 2-2) varies from less than 30 m to greater than 300 m, with much of the area of
interest being in the <150 m region.
An extreme shallow water example is the ray trace diagram in Figure A- 12, from Ref 39, a study
on propagation of porpoise clicks in habitats off the eastern Canadian and Danish coasts. Acoustic
intensity at any location is proportional to the ray density; ducting, surface- and bottom-reflected
paths are all evident along with the resultant regions of varying intensity.
For very high frequency echosounders above 100 kHz, absorption loss mechanisms will dominate
in the lateral propagation situation and geometrical spreading plus absorption will be reasonable
for first estimates of lateral intensity.
For lower frequencies an aggregated model can be used that replaces detailed acoustic field
calculations with empirically or theoretically derived relationships that are “good enough” for
many purposes, producing an averaged estimate of intensity versus horizontal distance from the
source. Later work may need to refine this, using detailed models to locate systematic acoustic
“hot spots” of echosounder energy relative to shipping channels and recreational activity areas.
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The authors of Ref 40 used a similar approach, beginning with simple geometric spreading
assumptions and later refining their estimates using the Bellhop ray tracing program.
Given established threshold criteria (discussed in Section 8.1 and References 1, 13, 14, 15, 16, 23
and others), safe zones and mitigation strategies can then be dealt with.
Various aggregated models have been proposed by Urick, Rogers, Schulkin & Marsh and others.
The frequency range of validity for most of these models does not cover the ranges applicable to
many high- or very-high frequency echosounders.

Figure A- 10: Absorption coefficient (Ref 37)
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Figure A- 11: SNR plot showing impact of bubbles and particulates on absorption on
an 80 kHz Sonar in 40 m water, from Ref 39.

Vard Marine Inc.

Echolocation Devices and Marine Mammal Impact Mitigation

08 January 2020

Report 388-000-01, Rev 3

A-16

 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION

Figure A- 12: Ray Trace in very shallow water at 135 Khz showing the impact of
refraction, surface and bottom interactions, from Ref 40
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APPENDIX B – REPRESENTATIVE SYSTEMS
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Mfr

Model

Type

Pmax
[W]

Pwr
Adj

Indep
Channel
Ctrl

F0
[kHz]

Consilium

E2 (SAL T2E)

Dual Freq Nav ES

1000

?

50/200

Farsounder

Farsounder-1000

Navigation Sonar

1500

N?

61

Furuno

FCV-295

3000

10-100%

28-200

Furuno

FCV-628

Dual freq fish finder
with sounding &
bottom
discrimination mode
Single/dual freq fish
finder

600

Y?

Sngl or dual
freq CW

Dual Freq Nav ES

1000

50/200

Furuno

DSS3

Dual freq network
sounder

3000

28-200

Furuno

TS337A

WASSP F3

Garmin

Striker 4

Garmin

Striker Pus

Hondex

HE-15C

Hondex

HE-1500Di

Catch monitoring
Sonar

Dual beam, Dual
freq chirp fish finder
with bottom type
discrimination
Dual beam, Dual
freq chirp fish finder

200

No

W
[kHz]

Range/Depth Capability
5-1000 m; 8 steps

0.04-3

≤50

2-1200 m

Bottom type discrimination to
100 m

1-200m
(nav
depth
measurement)
5/10/20/40/100/200/00/800
(general)

360 (omni transmit)
Nominal 1.5 deg
(receive)
120H x 4V
224 Rx beams spaced
0.54 deg over 120 deg.
Overall beamwidth 4.4
deg athwart x 3.2 deg
fore-aft.

68-92
136184

10-250 m

900 m vertically
450 m horizontally

Trawling
market

200

300 m, 14 steps

Dual Freq SBES/Fish
finder

5000

28-200

5-2000 m

455/800

Humminbird

Solix 2D G1

Dual Beam Dual
Freq Fish Finder

500

83/200

HumminbirdJRC

JFC-180BB

Quad-freq
echosounder

3000

38-75, 130-210

&

sport

fishing

Typical of modern low cost
recreational devices

100

500

Y

System consists of a sonar
head + up to 4x catch sensors
Catch sensor power very low =
1000hr life on 3x alkaline
batteries.

Single freq
SBES/Fish finder

Side-Imaging fishfinder

Y

Auto pwr adjust capability.
Appears to be a CW device.

50/77/83/200

Chirp Mega SI

Remarks

5-3000 m

77/ 200

Humminbird

Type
Cert

20-3000

200

1-5kW

Depth
Res

0.1-5

1.25

80(F3L)
160

Can set
freq in
each
channel

Beam
[deg]

0.57 (1200 m)
40 (2 m)

120 (sonar)
70-77 (catch mon)

Chirp Fish-finding
sonar

PRF
[PPS]

100 to 1000 m (4 scales)
Depth detection to 50 m

Chirp

FE800

T
[ms]

Sngl or dual
freq CW

50/200

Furuno

Furuno

Waveform

Side:
86 deg @ 455 kHz
55 deg @ 800 kHz
Down:
75 deg @ 455 kHz
45 deg @ 800 kHz
60 deg @ 83 kHz
20 deg @ 200 kHz

Small device typical of low-end
recreational market. Battery
powered,
transom-mount
xdcr.

Side:
244 m @ 455 kHz
76 m @ 800 kHz
Down:
122 m @ 455 kHz
38 m @ 800 kHz

Amateur fishing market.
High resolution, short range
beneficial in that market

460 m

Amateur fishing market.
High resolution, short range
beneficial in that market
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Mfr

Model

Type

JRC

JFE-380

Dual freq
echosounder

JRC

JFS-280

Stabilized fishing
sonar

Knudsen

Chirp series

Multi-Freq (1,2,4)
scientific/research
echosounders

Pmax
[W]

Pwr
Adj

Indep
Channel
Ctrl

1000
(200
kHz)
500 (50
kHz)

F0
[kHz]

4 levels

N?

PRF
[PPS]

Beam
[deg]

W
[kHz]

43 ppm (500
800)
68 (100, 200)
171
(10,20,50)
PWM

0.4-36

Range/Depth Capability

1-800 in 7 ranges

Omni Tx

PWM,
WT~1

CVS-852T

Dual freq ESW

5000

2.5-3000 m; 8 steps

Koden

CVX-FX1

4-freq echosounder

3000

24-240

1-3000 m; 8 steps

Koden

ESR-160

Dual freq scanning
sonar/echosounder
with tilt & az scan

1500

80/180

Koden

ESR160/180/180BB

Fish-finding sonar

1500

Kongsberg

M3Sonar

Raymarine

CP370

Fish finding sonar

1000

50/200

Raymarine

CP470

Fish finding sonar

2000

25-200

Raymarine

CP570

Fish finding sonar

2x 2000

2x indep channels 25-250
170-450
Opt 700

Chirp

10-500

CW, Chirp

Yes

80/180

1500

Sector scan 5 deg
increments to 360 deg
Tit +5/-90 deg

3 pulse types

Remarks

11 manually selectable Tx pwr
settings
Tilt range -5/+60 deg

100-2000 m; 16 presets

28/50/75/200

Type
Cert

Y

3.5-210

Y?

Depth
Res

1 cm
(1100m)
10 cm
(1001000)
1
m
(>1000)

Koden

Seatronics

T
[ms]

50/200

62

10,000

Waveform

Freqs selectable 3.5-210 kHz
Std freqs:
F1:12,24,26,28,30,33,38,40,41
F2:100,120,150,200,208,210
T auto & opr overrideable
Phased array, 50% overlap
Select 2 freq from 28, 50, 75,
200, 1 & 3 kW versions also
avail. Unable to verify power
ctrl capability.
Select 4 freqs between 24-240
kHz
Nminal 38, 75, 130, 200
Tilt +5/-90 deg, 1 deg steps
Train 5 or 10 deg steps (sonar
mode). 3 or 5 deg steps
(bottom scan mode)
Target lock tracks schools in
az-el.

20-2000 m; 8 steps

20-2000 m

CS, LFM Chirp

Sonic 2024

MBES

Simrad

ES-80

Split beam
broadband

Simrad

FM90

Trawl sonar

Simrad

FS70

Trawl Sonar

Simrad

S2016

Broadband/Chirp
SBES

Auto
4x500

Seafloor tracking up to 1500
m
Dual Chirp (2
channels)

Frequency range is transmitter
only; restricted further by
choice of transducer.

Seafloor tracking to 3000 m
3000 m depth range

Shaped CW

0.0161
0.06416.4

≤60

2x2 deg @ 200k
0.3x0.6 deg @700k

200 (sonar)
40 (catch mon)

3x20 deg (rcv)
240x20 (transmit)

1000

120 or 300
40 or 70 (comms)

5x40 deg (120 kHz)
1.9x20 deg (330 kHz)

500

28/38/50/83/200

Chirp

≤60

Up to 400 m

3 mm

Steerable 10-160 deg

System consists of a sonar
head + variable number of
catch monitors

Max depth 3000 m
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 ECHOLOCATION DEVICES AND MARINE MAMMAL IMPACT MITIGATION
Mfr

Model

Type

Simrad

SN90

Trawling sonar

Simrad

SU 90

Fish finding sonar

Skipper

ES2035BF

Fi-finding ES

Skipper

ESN200

Dual freq Nav
echosounder

Skipper

GDF201

SBES/Fish Finder

Skipper

GDS101

Skipper

GDS102

Sonardyne

NOAS

Nav echosounder
Dual channel nav
echosounder
Navigation & Obst
Avoid Sonar

Suzuki

ES-1080

Fish-finding ES

Suzuki

S-1400

Fish-finding sonar

Suzuki

ES2035

Single/dual freq
SBES

Suzuki

S-1900

Fish-finding sonar

Wartsila/Sperry

ELAC 5100

Dual freq
echosounder

Wesmar

TCS785

Trawl sonar

Wesmar
Wesmar

EV850-110
EV860-85

Navigation sonar
Navigation sonar

Pmax
[W]

Pwr
Adj

Indep
Channel
Ctrl

F0
[kHz]

70-120

Waveform

T
[ms]

PRF
[PPS]

120 deg fwd swath
160 deg horiz coverage
60 deg vert coverage
6 deg vert BW
5x 6x6 inspection
beams
4.9 deg

CW, HFM,
LFM Chirps

20-30
1000
(50 kHz)
600
(200
kHz)
700
nominal
1000
max

Hi/Lo

Yes
Xdcr is
combined
LF/HF

50/200

Yes

24/30/33/38/50/100/200/210

1000

1-100%

38/50/200

1000

Yes

2000

Yes

0.140

Range/Depth Capability

Depth
Res

Type
Cert

Remarks

50-2000 m range

2000 m

2-20 m:
0.1 m
20-200
m: 1 m
Selectable 0 - 1600 m.
Bottom tracking to 300 m.
0-1600 m

≤10

38/50/200
50-265 Ch 1
10-50 Ch 2

Freq settable in 1 kHz steps
600 m (depth mpode)
1500 m (Sonar mode)

No

20-200

3000 ft/915 m, 7 ranges

Yes

200

300 m

Adjustable PRF & PW. Also
sold by Skipper.

≤2000 m

Yes
1000

W
[kHz]

70

150

800
1000
(50 kHz)
600
(200
kHz)

?

Beam
[deg]

Auto - range

8 sector widths up to
omni.
+5/-90 tilt

80/140/180
Any 2 of
24,28,30,33,38,50,100,200
110 fwd scan
110 sounder
180 or 300 profile
110
85

0.3/1/3
auto

0.5-2000 m

1% sel
range

Y

8.5x8.5 fwd scan
28x28 sounder
11-360 deg sector
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