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Executive Summary

Anthropogenic underwater noise levels in the magneironment have increased considerably over
the last century as human utilisation of coastakvgand oceans has expanded and diversified. Noise
generating activities emit two main types of soumdpulsive or acute noise and continuous or
chronic noise. Impulsive noise generating actisitiaclude seismic surveys during oil and gas
exploration, the use of sonar during military ex®s, explosions and impact pile driving during
coastal and offshore construction. Chronic noiséupon at low frequencies is primarily caused by
commercial shipping, although drilling, dredgingdarenewable energy operations also contribute to
ambient sound levels. Underwater noise levels ageigted to rise over the coming decades with
projected increases in maritime transportationthedexploration and extraction of marine resources.

Sound is the primary sensory medium for many maaitimals and is a key part of critical biological
functions including feeding, communication, navigaf orientation and the detection of predators.
Anthropogenic noise is known to affect a wide ranfenarine animals and negative impacts have
been reported for at least 55 species to datendatéevels of sound exposure have caused physical
damage to marine animals, while lower levels haeetb hearing loss. Exposure to noise can also
cause changes in animal behaviour ranging fromesghtinges in normal behaviour patterns to more
drastic avoidance reactions. Elevated backgrournserievels have been shown to mask important
acoustic cues or signals and reduce communicabditya Cumulative and long-term impacts may
also lead to effects on populations of marine ggebut this has not been proven to date.

The use of mitigation measures and protocols i$ @stablished in the military and in industriesttha
produce impulsive noise emissions during seismigets or offshore construction. However there
can be substantial variation in mitigation procedubetween regions and navies for seismic surveys
and active sonar respectively. Although comprehvenagiitigation guidelines are available they are
not followed to a set standard. New internationalumtary guidelines to reduce underwater noise
from commercial vessels should encourage the sigpidustry to use more efficient and quieter
ships.

Recent examples of best environmental practise bgeat developed for industry are presented for
seismic surveys and offshore construction. Thes®lve drawing up detailed mitigation and
monitoring strategies that are specifically desthfer each operation. They also include substantial
pre-and post-operation stages containing comprehlemsvironmental impact assessments and an
evaluation of mitigation effectiveness respectivétxamples of current guidance on mitigation and
monitoring protocols during operations are provideith specific reference to marine mammals.
Most existing protocols are not designed for ottmarine taxa. There is a need to develop and test
operational protocols for species of concern inepttaxa such as teleost fish, marine turtles and
invertebrates.

A review of best available technologies to reducisa emissions that are in development or actual
use is provided for the main industrial activitiasthe marine environment. These include various
designs for ships to quieten propulsion systems raimdmise acoustic emissions from the hull,
alternative technologies for seismic surveys sucharine vibroseis and alterations in airgun design
and a range of techniques to reduce or eliminaemopagation from pile driving including the use
of alternative non-impact foundation designs.

Recent developments for acoustic and species ngpdicoasts and oceans are discussed with a
current emphasis on mapping the distribution anthdance of cetaceans. Acoustic mapping tools are
being developed to provide spatio-temporal assestsnod low frequency noise for specific regions.
Cetacean density maps are also being created didy data and predictive modelling of
environmental factors. When combined, these toa@ls provide relevant information for risk
assessment and decision making processes withdrégdaemporal and spatial noise restrictions in
sensitive areas. Modelling tools have also beereldped to measure communication masking in
cetaceans which can support the development of geament guidelines for a particular region or
species.



The use of acoustics monitoring tools in mitigatetrategies is now well established. A range of-GIS
based passive acoustic monitoring (PAM) tools aeglable that enable detailed real-time monitoring
of vocalising marine mammals during industrial alitary operations. Clear guidelines for the use o
PAM in monitoring protocols are set out in legatles of conduct for some countries. Although PAM
does have some limitations it is quickly developintp a useful tool for certain (vocal) species of
marine mammal. Further development and testing®®fl Bystems is required to determine whether it
can be used for vocalising species of other takXative acoustic monitoring (AAM) tools are also

available and may be better suited to marine fishsome invertebrates.

A range of existing management frameworks for therime environment that currently consider
underwater noise or have the potential to do speveided. These include marine spatial planning
approaches as part of an overall ecosystem-basedg®aent strategy that considers multiple
stressors, and risk or impact assessments, usieallparticular species of concern. Examples are
provided from a number of countries. A more genramework for the spatio-temporal prioritisation
of noise mitigation developed for cetaceans coldd be adapted and applied to other marine taxa.

Recent developments made by regional and interratiagreements to manage and mitigate the
effects of underwater noise on marine fauna arewed, with an emphasis on European regional
initiatives. The setting of national, regional aimdernational standards for the measurement of
underwater sound is still at a relatively earlygstavith progress made in the United States, Europea
Union and by the International Standards OrgamisatExamples of a number of other types of
standard regarding underwater noise are also gdvittluding training and data collection standards
during monitoring and regional standards for nomsgping and marine spatial planning.

Although mitigation practises have developed cagrsidly over the last few decades there has been
an overall focus on marine mammals (cetaceansriicpkar) and the use of simplistic dose-response
techniques involving exposure thresholds. Thera ieed to develop mitigation measures that take
into account behavioural and cumulative effects iehHanown, but also consider noise impacts in
combination with other stressors. Specific mitigatguidelines are needed for marine taxa other than
mammals but this will also require substantial Hart research to determine the effectiveness of
existing practises for these groups.



1. Background and Introduction

This section briefly outlines the issue of underwatoise in the marine environment and the need for
regulation. Changes in the acoustic marine enviemtnover time in terms of the increase in noise
types and levels and the known impacts on marineddo date are highlighted. The lack of data on
underwater noise effects for many marine taxausiiclg cumulatively, and the need for considerable
precaution in data-poor scenarios is mentioned. ufmsary of the Convention on Biological
Diversity’s work to date on underwater noise, imte of decisions and the production of a scientific
synthesis on the topic in 2012 is also provided.

Anthropogenic noise in the marine environment hassased markedly over the last century as man’s
use of the oceans has expanded and diversifiechndéagical advances in vessel propulsion and
design, the development of marine industry andrtbeeasing and more diverse anthropogenic use of
the oceans have all resulted in a noisier underveat@ronment. Long-term measurements of ocean
ambient sound indicate that low frequency anthrepagnoise has increased over the last 50 years,
which has been primarily attributed to commercialpping nois&’. As well as an increase in
commercial shipping the last half century has alsen an expansion of industrial activities in the
marine environment including oil and gas explomatmd production, commercial fishing and more
recently the development of marine renewable endrggoastal areas the increase in the number of
small vessels is also a cause for localised conetrere their sounds can dominate some coastal
acoustic environments such as partially enclosgd,bwrbours and estuarles

Anthropogenic noise has gained recognition as gooitant stressor for marine life and is now
acknowledged as a global issue that needs addgesHie impacts of sound on marine mammals
have received particular attention, especiallyrtfi@ary’s use of active sonar, and industrial seis
surveys coincident with cetacean mass strandingtgv&xtensive investigation mainly over the last
decade by academia, industry, government agenetefmgernational bodies has resulted in a number
of reviews of the effects of sound on marine faurfze issue of underwater noise and its effects on
marine biodiversity has also received increasitgnéibn at the international level with recognition

a number of regional and international agenciggamisations and commissions.

The underwater world is subject to a wide arraynmin-made noise from activities such as
commercial shipping, oil and gas exploration arelube of various types of sohaduman activity in
the marine environment is an important componemiaaianic background nofsand can dominate
the acoustic properties of coastal waters and@hakas. Anthropogenic noise can be broadly split
into two main types: impulsive and non-impulsiveisds. Examples of impulsive sounds are those
from explosions, airguns, or impact pile drivinghile non-impulsive sounds result from activities
such as shipping, construction (e.qg., drilling a@neldging), or renewable energy operations. Thd leve
of human activity and corresponding noise productiothe marine environment is predicted to rise

! Andrew RK, Howe BM, Mercer JA, Dzieciuch MA (200@cean ambient sound: comparing the 1960s with
the 1990s for a receiver off the California coédstoust Res Lett Online 3:65—-70

2 McDonald MA, Hildebrand JA, Wiggins SM, Ross D (Z)Q\ fifty year comparison of ambient ocean noise
near San Clemente Island: a bathymetrically comptastal region off southern California. J Acoust 3m
124:1985-1992

% Kipple B, Gabriele C (2003) Glacier Bay watercradise. Technical Report NSWCCDE-71-TR-2003/522,
prepared for Glacier Bay National Park and Presévesal Surface Warfare Center, Bremerton, WA

* NRDC, 2005. Sounding the depths II: The rising ¢flsonar, shipping and industrial ocean noisemamine
life. Natural Resources Defense Council Novemb@&520

® Hildebrand, J. A. 2005. Impacts of anthropogemiorsl. — in: Reynolds, J.E. et al. (eds.), Marinermzl
research: conservation beyond crisis. The JohngiH®niversity Press, Baltimore, Maryland, pp. 124

® Hildebrand, J.A. 2009. Anthropogenic and natucairses of ambient noise in the ocean. Mar. EcalgPBer
395:4-20



over the coming decades as maritime transportatiah the exploration and extraction of marine
resources continues to graw

Sound is extremely important to many marine aninzid plays a key role in communication,
navigation, orientation, feeding and the detectibpredatord Almost all marine vertebrates rely to
some extent on sound for a wide range of biolodigattions, including the detection of predators
and prey, communication and navigation. Marine mamnuse sound as a primary means for
underwater communication and sensing. Underwatendsas especially important for Odontocete
cetaceans that have developed sophisticated eettiolosystems to detect, localise and characterise
underwater objecls for example, in relation to coordinated movemieetween con-specifics and
feeding behaviour.

Many other marine taxa also rely on sound on alaedasis including teleost fish and invertebrates
such as decapod crustaceans. Fish utilize sounchefaigation and selection of habitat, mating,
predator avoidance and prey detection and commiimica Although the study of invertebrate sound
detection is still rather limited, it is becomintparer that many marine invertebrates are sendiive
sounds and related stimuli. However, the importasiceound for many marine taxa is still poorly
understood and in need of considerable furthersinyation.

A variety of marine animals are known to be affddby anthropogenic noise. Negative impacts for
least 55 marine species (cetaceans, teleost fistinenturtles and invertebrates) have been reparted
scientific studies to date. A wide range of effect increased levels of sound on marine fauna have
been documented both in laboratory and field camst The effects can range from mild behavioural
responses to complete avoidance of the affectea anasking of important acoustic cues, and in
some cases serious physical injury or death. Laxgl$eof sound can be inconsequential for many
marine animals. However, as sound levels incréaselevated background noise can disrupt normal
behaviour patterns leading to less efficient fegdiar example. Masking of important acoustic
signals or cues can reduce communication betweerspecifics’ and may interfere with larval
orientation which could have implications for reitment.

Mitigation of marine noise in the oceans is in pldor industrial and military activities in some
regions of the world through the use of practicabsures and guidelines. However, critical analysis
of this guidance has identified a number of sigaifit limitation$?*® including the considerable
variation in standards and procedures between megio navies. Mitigation of anthropogenic sound
levels in the marine environment require reguladaimg to keep in touch with changes in acoustic
technology and the latest scientific knowledge dfrime species such as acoustic sensitivity and
population ecology. There have been calls for #téng of global standards for the main activities
responsible for producing anthropogenic sound éndbeans. Progress is being made with regard to
commercial shipping and quieting but standardsi&wal sonar or seismic surveys are also required to
further reduce impacts on marine species.

"Boyd, I.L., G. Frisk, E. Urban, P. Tyack, J. Auslts. Seeyave, D. Cato, B. Southall, M. WeiseARirew,

T. Akamatsu, R. Dekeling, C. Erbe, D. Farmer, RniBg T. Gross, A. Hawkins, F. Li, K. Metcalf, J.Mliller,

D. Moretti, C. Rodrigo, and T. Shinke. 2011. Aneimtational Quiet Ocean Experime@tceanography
24(2):174-181

8 Richardson, W.J., Malme, C.I., Green, C.R. jr. a#i. Thomson (1995). Marine Mammals and Noise.
Academic Press, San Diego, CA 576 p.

° Au, W.W.L. 1993. The sonar of dolphins. Spring&tew York. 277p.

10 Simpson, S.D., Meekan, M.G., Montgomery, J., MdEauwR.D., Jeffs, A., 2005a. Homeward sound. Sa@enc
308, 221-228

11 Clark, C.W., Ellison, W.T., Southall, B.L., Hatth, van Parijs, S.M., Frankel, A. and Ponirakis, 2D09.
Acoustic masking in marine ecosystems: intuitiamglyses, and implication. Marine Ecology Progi®sses,
395: 201 - 222

12 \Weir, C., Dolman, S.J., 2007. Comparative revidwth@ regional marine mammal mitigation guidelines
implemented during industrial seismic surveys, apddance towards a worldwide standard. Journal of
International Wildlife Law and Policy 10, 1-27

3 Dolman, S. J., Weir, C.R., and Jasny, M. 2009. parmative review of marine mammal guidance
implemented during naval exercises. Marine PoliuBalletin 58 pp. 465-477.



Mitigation and management of anthropogenic noigeutjh the use of spatio-temporal restrictions
(STR) of noise generating activities has been rexended as the most practical and straightforward
approach to reduce acoustic effects on marine dsiim&édowever, preventing an intentional noise
source in a targeted location is not always possiispecially if there is a temporal overlap between
the window of opportunity for industrial activitiesmd the presence of the species of concern. $n thi
situation detailed and comprehensive mitigationcedures and measures are recommended, with
more stringent measures needed if the area consainsitive habitats used by marine fauna for
feeding, breeding, nursing or spawning. The extendata and knowledge gaps for many species also
emphasises the need for a precautionary approanimtmise potential noise effects.

Although research is opening our eyes to some @fléhs obvious behavioural effects of noise on
marine animals (e.g., stress responses, commuonaaiasking, cognitive bias, fear conditioning, and
attention and distraction) we still have very restd knowledge and understanding of how these
effects influence overall impacts on populatiomsadldition most current mitigation measures are not
very effective in reducing cumulative impacts onrima fauna’. They also do not fully consider the
exposure context of individuals and how a combarabf acute and chronic noise can interact with
animal condition to elicit a behavioural respdfise

The vast majority of mitigation measures in plaegéhbeen primarily designed to reduce underwater
noise effects on marine mammals. Similarly considr more research has been conducted on
hearing and acoustic impacts on these taxa, witticpkar attention paid to cetaceans, althoughdarg
knowledge gaps still exist for many species. Thergcope to use or adapt the underlying mitigation
frameworks and main procedures for non-mammal redera such as teleost fish, marine turtles and
invertebrates. However, specific mitigation measumed protocols for these animals are on the whole
still lacking and are urgently needed for many esétble and/or important species.

This document does not attempt to update the $tesynthesis completed by the CBD Secretariat
in 20127 in terms of new research findings, but insteadu$ses on identifying and highlighting
recent examples of best environmental practiceteastl available technology that can be utilised to
further develop practical guidance and toolkitsréduce the impacts of anthropogenic noise on
marine biodiversity.

The document is divided into sections that repart aurrent best practice and best available
technology for mitigation and monitoring procedusesl measures; recent advances in monitoring
and mapping tools to support mitigation; a numbkrassessment and management frameworks
available for underwater noise, and progress in dbeelopment of regional and international

standards for the measurement of underwater sauhdaise from anthropogenic sources.

Underwater Noise and the Convention on Biologicelebsity

The CBD Conference of Parties (COP 10) in NagoyaQm0 requested that a scientific synthesis
report is produced on the impacts of anthropogamiderwater noise on marine and coastal
biodiversity'®. This draft report was presented and finaliseBRBSSTA 16 in Montreal and submitted
as an information documéfto COP 11 in Hyderabad in 2012.

14 Agardy, T., Aguilar, N., Cafiadas, A., Engel, Mrafzis, A., Hatch, L., Hoyt, E., Kaschner, K., lraBque,

E., Martin, V., Notarbartolo di Sciara, G., Pavén, Servidio, A., Smith, B., Wang, J., Weilgart, Wintle, B.

and Wright, A. 2007. A Global Scientific Workshop &patio-Temporal Management of Noise. Report ef th
Scientific Workshop. 44 pages

5 wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWF International, Gland, Switzedl

16 Ellison, W.T., Southall, B.L., Clark, C.W. and Bkel, A.S. 2011. A new context-based approach sesss
marine mammal behavioural responses to anthropogeninds. Conservation Biology

7 CBD Secretariat 2012. Scientific Synthesis on ith@acts of underwater noise on marine and coastal
biodiversity and habitats. 93 pp.

'8 bid.

' UNEP/CBD/SBSTTA/16/INF/12



Noting the gaps and limitations in existing guidanmcluding the need to update it in the light of
improving scientific knowledge, and recognizingange of complementary initiatives under way,
COP 11 requested, in decision Xl/18, the ExecuBeeretary to collaborate with Parties, other
Governments, and competent organizations, incluttieginternational Maritime Organization, the
Convention on Migratory Species, the InternatioWdhaling Commission, indigenous and local
communities and other relevant stakeholders, tcarorg an expert workshop with a view to
improving and sharing knowledge on underwater naied its impacts on marine and coastal
biodiversity, and to develop practical guidance soalkits to minimize and mitigate the significant
adverse impacts of anthropogenic underwater namsenarine and coastal biodiversity, including
marine mammals, in order to assist Parties and @bgernments in applying management measures.

Pursuant to the above request, the CBD Secretara@nvening an expert workshop in London (25-
27 February 2014), and the Executive SecretarytddvParties, other Governments and relevant
organizations to provide relevant information caonaggg the objectives of the above-mentioned
expert workshop, in particular regarding:

(i) The impacts of underwater noise on marine ayaktal biodiversity; and

(ii) Practical guidance and toolkits to minimizedamitigate the significant adverse impacts of
anthropogenic underwater noise on marine and ddastéiversity, including marine mammals.

COP 11 also requested the Executive Secretary t rtiee report of the workshop available for
consideration by a meeting of the Subsidiary Bodgrpgo the twelfth meeting of the Conference of
the Parties.

This background information document was prepangth, kind financial support from the European
Commission, in order to provide participants at #ert workshop with relevant up-to-date
information that can contribute to the developnwnractical guidance and toolkitts minimize and
mitigate the significant adverse impacts of antbggmic underwater noise on marine and coastal
biodiversity, including marine mammals.

2. Mitigation Measures and Procedures

This section provides selected best practise exesmgdlmitigation measures and procedures currently
used by Governments and/or Industry for a numbeantiiropogenic noise generating industrial or
military activities including marine constructiom¢luding harbours and offshore renewable energy
developments), naval sonar and explosives, anthgegirveys (for scientific exploration, as well as
oil and gas) and shipping. Mitigation measures udel the use of set noise exposure criteria;
exclusion zones, spatio-temporal restrictions (M Aperational procedures e.g. soft start / ramp-up
and quietening technology. The main technologiod @conomic constraints of industry to meet best
practise procedures are also discussed.

As well as undertaking specific real-time mitigatimeasures during the primary noise generating
activity, mitigation procedures are becoming pdraw overall process to assess the environmental
characteristics of the area to be subjected tarapdigenic noise and identify, through modelling th
times and locations where species are most likelpe at risk. The vast majority of mitigation
procedures have been designed for marine mammealpminantly for cetaceans. However, many of
the generic procedures are also applicable to atiemine taxa such as fish and invertebrates,
although particular mitigation measures may not(dg. the use of visual observers to determine
species presence and proximity to a noise gengrattivity), whilst the effectiveness of othersist
known (e.g. soft start procedures for marine figlnitations of existing mitigation guidelines and
practises are not discussed in detail here as these been thoroughly reviewed previod&yand
were also summarised in the scientific synthesipared for the CBD Secretaffat

20 \weir, C., Dolman, S.J., 2007. Comparative revidwth@ regional marine mammal mitigation guidelines
implemented during industrial seismic surveys, anddance towards a worldwide standard. Journal of
International Wildlife Law and Policy 10, 1-27



Impulsive Noise Mitigation

A methodological guide to address impulsive nosgrees in the marine environment that can have
an impact on cetaceans in the ACCOBAMS region baently been releas€dMitigation guidance

is provided for offshore construction (predomingamille-driving), military and civil sonar, seismic
surveys and explosives. For each of these noisece®wa mitigation framework is required that
consists of three main stages; a planning phaaktinee mitigation and a post-activity phase (Table
1). Many of the mitigation measures are commonlitéoar types of noise source (e.g. soft start and
visual / acoustic monitoring protocols) while someasures are specifically recommended for one or
two activities such as buffer zones for sonar usth® use of acoustic mitigation devices for offgho
construction or the use of explosives.

Prior to the planning phase of the mitigation fraraek a comprehensive environmental impact
assessment (EIA) should be conducted for the peapestivity. Although not always required by
law, operators wishing to be regarded as adheringheé highest standards of environmental
responsibility should make environmental impaceasment an intrinsic part of project planifng
model EIA and consultation process for seismic sysvhas recently been propoSedhis sets out in
detail the requirements for a fully transparentcpss over three main stages: 1. developing a
thorough EIA, 2. stakeholder consultation, andr®jaing stakeholder engagement. Ideally, baseline
assessments and long-term monitoring of the affeatea should be started as early as possible,
preferably a number of years before the operat®mlanned. For example, industry-sponsored
baseline assessments and long-term monitoring tafceans were initiated eight years before a
specific hydrocarbon operation was planned to starfngola, facilitating the development of
mitigation measures and enabling the detectionebfbioural changes in Humpback whales during
seismic survey&. For other marine taxa existing national or reglatatabases should be utilised, for
example, datasets collected by the fishing industriisheries research organisations for commercial
species.

Further detail for the ACCOBAMS guidelines are &afalie as an Annex to ACCOBAMS Resolution
4.17 and are also provided with this document (Anhe These consist of general guidelines to be
followed for any noise generating activity and mepecific guidance for each source ffpé&Jsing

the general guidelines as a baseline we can dewelaprking list' of best practise guidance for the
mitigation of anthropogenic impulsive noise effeatsmarine biodiversity, with current emphasis on
marine mammals:

2l Dolman, S. J., Weir, C.R., and Jasny, M. 2009. parmative review of marine mammal guidance
implemented during naval exercises. Marine PolfuBalletin 58 pp. 465-477

#2 CBD Secretariat 2012. Scientific Synthesis on if@acts of underwater noise on marine and coastal
biodiversity and habitats. 93 pp.

3 ACCOBAMS 2013. Methodological Guide: Guidance omderwater noise mitigation measures.
ACCOBAMS-MOPS/2013/Doc24

24 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacts o
marine seismic surveys with an emphasis on marex@mals. Aquatic Mammals 39: 356-377.

% prideaux, G. and Prideaux, M. 2013. Seismic Seaderstanding the impact of offshore seismic petrol
exploration surveys on marine species. Wild Mignatitechnical and policy review #3. Wild Migration,
Australia.

% Cherchio, S. et al., 2010. Humpback whale singietjvity off northern Angola: An indication of the
migratory cycle, breeding habitat and impact ofsset surveys on singer number in Breeding Stock B1.
International Whaling Commission, Cambridge, UK.

27 ACCOBAMS 2010. Resolution 4.17. Guidelines to Aekl the Impact of Anthropogenic noise on cetaceans
in the ACCOBAMS area
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Table 1. ACCOBAMS Mitigation Frameworks for ImpulsiNoise Generating Activities

Stage

Action

Pile Driving,
Drilling,

Dredging

Seismic

surveys

Military or
Civil Sonar

Explosives

Planning Phase
(expected outcomes
of the EIA)

Review the presence of cetaceans in the candidaieds for the work and conduct or fu
research where information is absent or inadequate

nd

Select periods with low biological sensitivity

SS

SS

Define no-survey or exercise zones (biologicalmesg protected areas etc.)

SN S

Define buffer zones

Use sound propagation modelling results, verifrethe field, to define the Exclusion Zone (EZ

<

SIS SN S

Plan the lowest practicable source power or chgxglosive)

<

Consider alternative technologies

Plan noise mitigation technologies (if no altervesi are possible)

Real time mitigation

Use Acoustic Mitigation Devices prior to the beginning of the work

SIS N NS

Use noise mitigation technologies e.g. air bubble curtain, hydrosound damper net

Use a soft start protocol

Use the visual monitoring protocol (MMO's)

Use the acoustic monitoring protocol (PAM equipment)

Post Activity

Detailed reporting of real-time mitigation

SIS NS

SIS NS

SIS NS

SIS NN NS

11



General guidelines for Impulsive Noise Generating @erations in the Marine Environment

(adapted from ACCOBAMS Resolution 4.17)

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Consult databases of selected taxa spatial andrsdadistribution and habitats in order to plan
and conduct activities at times and locations wéwgimals are unlikely to be encountered whilst
also avoiding critical habitats.

Collect information and, if required, organise diedata collection (surveys or monitoring with
fixed detectors) to assess the population dengititee areas selected for operation

Avoid marine taxa’s key habitats and marine pr@@careas, define appropriate buffer zones and
consider the possible impact of long-range propagat

Consider cumulative impacts of noise and other rapthgenic stressors over time including
seasonal and historical impacts from all other ilsipa and continuous noise sources in the
specific operational area and adjacent region. Dpv&lS/databases that track the history of
noise generating activities in the region for tbkested taxa.

Model the generated sound field in relation to acgmaphic features to define the area likely to
be affected by the noise source

Determine safe / harmful exposure levels for vesigpecies, age classes, contexts that are
precautionary enough to consider large levels o€ttainty.

Exclusion zones (EZ) should be determined on anficand precautionary basis rather than an
arbitrary or static designation. EZ determinatibowdd be modelled on the source characteristics,
the species in question and on local sound projeegiaatures and verified in the field. Adopt the
safest, most precautionary EZ option if there anétiple choices

Consider the establishment of a larger exclusiarezo reduce behavioural disruption, based on
the latest scientific information for the selectada / species.

Real-time mitigation guidelines should be adopted publicised by all operators

Use an automated system to record the acoustices@md document the amount of acoustic
energy produced. Make this information availabled@se regulators and the public

Mitigation should include monitoring and reportipgotocols to document the implemented
procedures and their effectiveness, and providasets to improve existing databases for marine
taxa.

During operations, existing stranding networks lie tarea should be alerted and additional
monitoring of the closest coasts and for deatlseatshould occur if required (mainly for marine
mammals)

If required, organise post-operation field datdemtion to determine whether population changes
or anomalous deaths occurred as a possible consasxjeé operations (requires pre-operation
knowledge of the area)

If strandings occur, possibly related to operati@mustic emissions should stop and maximum
effort devoted to understanding the causes of desgimly for marine mammals)

If abnormal behaviours are observed in animalsectosoperations, acoustic emissions should
stop and maximum effort addressed to monitoringetemimals

Trained and approved marine mammal observers (MMAY bio-acousticians (e.g. PAM
operators) should be employed for the monitorind lm@porting programme including overseeing
implemented mitigation rules

Observers and bio-acousticians must be qualifiegtlicdted and experienced, with suitable
equipment.

Observers to report to the regulatory body usingtamdardized reporting protocol. Accurate
reporting is required to verify the EIA hypotheaiwd the effectiveness of mitigation

Procedures and protocols should be based on arvatige approach that reflects levels of
uncertainty and should include mechanisms thater@eaincentive for good practise

When uncertainties occur a precautionary approaehisto be taken and unexpected events or
uncertainties referred to the regulatory body.
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Responsible practises to minimise and monitor thdrenmental impacts of seismic surveys were
recently published with an emphasis on marine masffaut are also applicable to other marine

taxa of concern such as teleost fish, marine wirlad seabirds. The overall general approach
described for predicting, minimising and measuringpacts could also be applicable to other

impulsive noise sources as mentioned in Table Iprdctical roadmap for planning, executing,

evaluating and improving the design of an impulsieése generating activity (in this case a marine
seismic survey) is set out in Figure 1. The majpeats of planning and executing the operation are
provided in Table 2.

National seismic survey guidelines for operation€anadian waters are set out in a ‘Statement of
Canadian Practise with respect to the Mitigatioseismic Sound in the Marine Environnfént his
statement both formalises and standardises miigatieasures in Canada for seismic operations and
was developed using the best available and iniemaly-recognised mitigation techniques. It
considers not only marine mammals, but also matirtées and fish, and at the population-level any
other marine species. At the planning stage seisomeeys must be planned to avoid:

* A significant adverse effect on individual marinemmals or sea turtles that are listed as
endangered or threatened on Schedule 1 of thee3patcRisk Act;

» Asignificant adverse population-level effect foryaother marine species;

» Displacing individuals of endangered or threatesgecies of marine mammal or turtle from
breeding, feeding or nursing;

« Diverting migrating individuals of endangered oreéfitened species of marine mammal or
turtle from a known migration route or corridor;

» Dispersing aggregations of spawning fish from akmgpawning area

» Displacing a group of breeding, feeding or nurgimgrine mammals, if it is known there are
no alternate areas available to those marine masnfoathose activities, or that if by using
those alternate areas, those marine mammals weld significant adverse effects, and

« Diverting aggregations of fish or groups of manmammals from known migration routes or
corridors if it is known there are no alternatetesuor corridors, or if the fish aggregations or
marine mammal groups incur significant adversecefféf they use an alternate migration
route or corridor.

To avoid the seismic operation having any of thieat$ mentioned above will require extensive
background knowledge of the area to be surveyéerims of marine fauna distribution, migration and
critical habitats and seasons for feeding, breefiisggawning and nursing. This emphasises the need
to collect and analyse all available informatioopto the proposed operation (Table 2).

Once there is sufficient baseline information foraaea of proposed activity it is possible to digw

a set of spatio-temporal restrictions so that feecies or taxa of concern are not affected or that
disturbance is kept to a minimum. Geographical semkonal restrictions to avoid the ensonification
of particular species and habitats are widely egias a highly successful mitigation meaSufghe
noise generating activity should be scheduled midatimes or locations that the marine fauna of
concern use for activities such as breeding / spawifeeding, or migration. However in some cases
complete avoidance of an area during a particidanpbral window may not be possible. For
example, at high latitudes where sea ice occure tten be an overlap between the time available for
seismic surveys and the presence of sensitive epefimarine mammals such as Gray or bowhead
whale$™. In such situations there needs to be particutention paid to planning, mitigation and

28 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacts o
marine seismic surveys with an emphasis on margsammels. Aquatic Mammals 39: 356-377

2 hitp://lwww.dfo-mpo.gc.caloceans/management-geftimyratedmanagement-gestionintegree/seismic-
sismique/statement-enonce-eng.asp

%0 OSPAR Commission. 2009. Overview of the impactsanfhropogenic underwater sound in the marine
environment. London, UK: OSPAR Commission.

%1 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacts o
marine seismic surveys with an emphasis on margsammels. Aquatic Mammals 39: 356-377
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monitoring and the analysis of potential effecthisTmore stringent and precautionary approach

shlo3121Id be regarded as an indication of responpifaletise by industry whether it is legally requiced
not™.

Noise mitigation procedures are also required rodhmissioning offshore structures in the marine
environment such as oil and gas platforms or wimdibes. The ACCOBAMS methodological
guide® provides some guidance for the mitigation of esjles which can be used to decommission
structures in some cases. Other activities thdtpriilduce noise during decommissioning are ship
movements and the mechanical lifting of materiedsnfthe water.

A recent preliminary assessment of operational awbnomic constraints regarding the
implementation of underwater noise mitigation meesiby industry was conducted in Frafice
Consultations with both industry and the militaryere conducted to discuss constraints for the
mitigation of underwater noise produced by windrfaconstruction, seismic surveys, naval sonar,
marine traffic and dredging. The mitigation guidek in question were those established by
international bodies (ACCOBAMS, ASCOBANS, OSPAR d@ES) and the draft guidelines for
shipping within the IM®. For the oil and gas industry relatively few coastts were raised about
implementing the guidelines for seismic surveyshwitvo measures identified as expensive and
difficult to implement; changing course during a\&y and the use of low power sources. The
shipping sector and the military regarded the uBemany measures as problematic. Shipping
authorities stated that implementing noise mitatmeasures would be very expensive and the use
of alternative or new designs was not favoured | untlependent research could verify their
effectiveness. The renewable energy industry wereglly in favour of using most recommended
mitigation practises and procedures but were lessrdsted in adopting mitigation technologies
because of the high cost and operational issuesreTivere also concerns with stopping piling if a
cetacean was detected during the exclusion zoneemttieduling work to avoid sensitive times as
this would mean shifting activities to winter mosithith increased cost.

%2 |bid

3ACCOBAMS 2013. Methodological Guide: Guidance ondemvater noise mitigation measures.
ACCOBAMS-MOPS/2013/Doc24

3 Maglio, A. 201?. Implementation of underwater eorsitigation measures by industries: operational an
economic constraints. Prepared for the Joint ACCOIBAASCOBANS noise working group. Sinay, Caen,
France

% Ibid
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Figure 1:

A practical roadmap for planning, exeagtievaluating and improving the design of a masigismic survey (after Nowacek et al
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Table 2: Main elements for planning and conductimgarine seismic survey (adapted from Nowacek g2@13).

Primary Components

Notes

Assessment of background data with respect to epeci
concern (habitats, habits, life history) and enwnent
(bathymetry, sound propagation)

Identify multi-year data on general characterisdiosl natural variability of the relevant biologicaid
ecological systems to understand environmentahagiicity and its influence on animal populations
Collate and evaluate information on species of eam¢o gain a thorough understanding of seas
occurrence and density, behaviour, reproductioagiog and habitat use

Collect and evaluate information on the areas mlaysproperties (e.g. water temperature, curre
presence of sea ice) and how these influence thiegbbgy and activities of the animals

Ensure that pre-operation assessments such asde@Agpenly available to the public and decisi
makers

onal

nts,

Spatial and/or temporal restrictions and requiremsen

If possible ensure that operations occur when pleeiss of concern is absent from the area
Co-ordinate the timing of operations (seismic sysyavhen there are the fewest possible individoél
species of concern present in the area.

S

Ensure operations can commence at the beginnimgnytemporal windows of opportunity especially

where these are seasonally restricted (e.g. highda areas)
Consider the potential effects of mitigation measuon ‘non-target’ organisms during the plann
process

ng

Generation of acceptable exposure criteria

Key to the development of operational rules fosset (or other impulsive) activities

Critical that any received-level thresholds to Isediare derived in conditions similar to thosehaf
proposed operation

Set criteria for the primary species or taxa ofaawn that consider both impulsive and continuousen
sources and also for both auditory and behavioesgdonse thresholds

Important to utilise all pertinent data to derithe best possible estimates for criteria

Understanding the acoustic footprint of the survagdelling
of the acoustic source and the propagation enviemim

Sound propagation model must be capable of repioduall the relevant acoustic propagati
properties of the region

Selected environmental parameters for modellingishbe as close as possible to the prevailing |
properties including the time of year.

Modelled noise source (e.g. seismic array) shoubdyre the same volumetric far-field levels as ¢h
produced by the operational equipment, in this caisguns.

Consider the use of pre-modelled acoustic footpriatincrease the efficiency of response to chan
environmental conditions

on

pcal

oS

Pre-survey validation of source and propagationetsod

If possible, conduct a site-specific validationaofy acoustic modelling approach, preferably base
field measurements collected at or close to thatioo of the planned operation
Less specific validations can reveal the accurd@edain aspects of the estimation but do not il

verification for both source and propagation madgll
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Staging a limited trial of an activity similar tdve@ planned one is the ideal scenario but may
logistically and economically unfeasible

Site-specific validations can substantially inceeastimation confidence and should be part of stiah
mitigation and monitoring planning

be

Selection of appropriate techniques for implementin
mitigation and monitoring elements (e.g. visual/and
acoustic survey methods)

Consider all possible observation techniques dutiegolanning phase

Select a tailored set of mitigation and monitoringasures that are included in a programme-spe
mitigation and monitoring plan

Develop mitigation and monitoring plan as a coll@bion between the operator, scientific expe
contactors, vessel owners and NGOs

Final plan should be science-based, precautiormatpeactical

For populations or individuals of particular contée.g. critical feeding, breeding areas or motiaf
pairs) active mitigation (operational shutdown)wdooccur at a behavioural threshold boundary
The use of telemetered systems for real-time awoo&initoring during the most critical circumstasg
(i.e. for species and times of most concern)risngfly recommended to ensure behavioural thresh
are not exceeded

cific

rts,

e
olds

Creation of robust communication plan, includingleit
chain of command

Clear and robust communication protocols are esdahiring the operation to support efficient re
time decision making

A clearly defined chain of command is required nalgde decision-making and the most effective
productive coordination of a project

All participants must have a thorough understandihtheir roles and responsibilities, as well asstn
of the other parties involved and of the linkagesigen them

The decision-making process relative to the agreperational protocols should be coherent
transparent

Consideration of communication issues caused bgulage differences is essential and the us
bilingual or multilingual participants is recommesati

Communication plan should be reviewed during theragon, especially at the beginning to ident
weaknesses, flaws and areas that need clarification

al

and

and
e of

ify

Post-survey assessment of mitigation measures

Complete an initial assessment of mitigation andhitoang that documents the efficacy of mitigati
protocols

Prepare and disseminate a preliminary report tt@tiges a general overview of operations and m
events and some initial data analysis

op]

ajor

Publication of monitoring data to describe effgaislack of),
and to improve mitigation and monitoring of futw@rveys

Regulators should insist that operators completaildd analyses and rigorous, objective assessments

of the efficacy of mitigation and monitoring meaessir

Operators should regard the full and open pubbcatif results as a mark of corporate responsibility
Include funding for analysis and publication injpat budgeting

Open access to data will help fill data gaps foringataxa and provide useful information for futu
operations to improve management, reduce risk anonise environmental effects.
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Exposure Criteria

Exposure criteria or acoustic thresholds have hmreloped by the U.S. Government’s National
Oceanic and Atmospheric Administration (NOAA) foarme mammals and a few other taxa (marine
fish and turtles) to predict the noise exposurele@above which adverse physical effects (i.eryju
or behavioural harassment are expected. Initiahsific recommendations for marine mammals were
published in 2007 and split the taxon into five categories accordimthe functional hearing abilities
of different marine mammal groups. Criteria suggest were only provided for injurious exposure
and not for behavioural responses of marine mamaitisugh a qualitative, 10 step index for the
severity of behavioural response was proposed. Mernyevhen the severity index was compared to
reports of behavioural observations relative tordeeived sound level, the exposure sound levgl (e.
dose-response approach) failed to reliably predie probability of identified behavioural
response$®. Current NOAA guidance on exposure levels for marnammals does include acoustic
thresholds for behavioural harassment but thesgranee to the inaccuracies described previously.
These thresholds are presented in the form of esingteived levels (RL) for particular source
categories (e.g. impulsive, continuous or explgsive

NOAA recently released new draft guidance for esegsthe effects of anthropogenic sound on
marine mammals which proposes a revised set ofsticdireshold levels for the onset of permanent
and temporary threshold shiftsThe guidance identifies the received levels abekizh individual
marine mammals are predicted to experience changesir hearing sensitivity (either temporary or
permanent) for all underwater anthropogenic sowudces. The draft guidance includes:

* A protocol for estimating PTS and TTS onset le¥elsimpulsive and non-impulsive sound
sources;

» The formation of marine mammal functional hearingups (a modified version of the groups
recommended in 2007): low-, mid-, and high freqyeretaceans, otariid and phocid
pinnipeds, and;

* The incorporation of marine mammal auditory weiggtifunctions into the calculation of
thresholds

The acoustic threshold levels are presented usitlg tumulative sound exposure level and peak
sound pressure level. The cumulative sound exposwed (SEl,,) is defined as the metric to
account for accumulated exposure over the duratidhe activity or for 24 hours (whichever is the
shorter). However, this only accounts for the clatiué exposure to one particular noise sourceen th
hearing range of an individual and does not comdide cumulative or aggregate effect of multiple
noise sources. Advice is also provided in the dyaftlance on how to combine multiple datasets and
determine appropriate surrogates when little odata exists.

The draft guidance is directed at marine mammads tbside or utilise marine waters under the
jurisdiction of NOAA and so is U.S.-centric to artegn extent. An important point to note is that th
updated thresholds are not supposed to represerdgntirety of an impact assessment, but instead
provide a tool to help evaluate the effects of appsed action or activity on marine mamrffals
Other aspects that should be considered within\emmall assessment of risk include behavioural
impact thresholds, auditory masking assessmentseaaltiations to help understand the ultimate
effects of an impact on an individual's fithess amdpopulations.

% Southall, B.L., Bowles, A.E., Ellison, W.T., Fimas, J.J., Gentry, R.L., Greene, C.R. Jr., KadlakKetten,
D.R., Miller, J.H., Nachtigall, P.E., Richardson,.J¥ Thomas, J.A., and Tyack, P. 2007. Marine Mamma
3I‘\7|oise Exposure Criteria: Initial Scientific Recommdations. Aquatic Mammals 33: 411-521

Ibid
%8 Ellison, W.T., Southall, B.L., Clark, C.W. and Bkel, A.S. 2011. A new context-based approach sesss
marine mammal behavioural responses to anthropogeninds. Conservation Biology
39 NOAA, 2013. Draft guidance for assessing the éffet anthropogenic sound on marine mammals. A@ust
Egreshold levels for onset of permanent and temgahaieshold shifts. Draft, 23 December 2013.

Ibid
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Interim exposure criteria for physical effects aepdriving on marine fish were developed on the
west coast of the U.S. over a number of years byisiheries hydroacoustic working group (FHWG)
and published in 2008. Prior to this NOAA fisheriesed peak sound pressure level (SPL) to assess
the risk of injury to fishes, but this metric didtrtake into account the injury risk to non-audjtor
tissues in fishes with swim bladd€tsThe interim exposure criteria are the only knogunrent
criteria in use for the onset of physiological effeon fishe¥. Although these criteria are in use they
were strongly criticized before being released @susing the best available science at the time and
that they were based on limited, incomplete expenial daté.

Efforts are currently underway to produce a revisetsion of suggested exposure guidelines for
fishes and turtles from different noise sourcesf ik to be published in early 2d44A working
group initiated by NOAA has divided possible effeaito three categories: mortal and potentially
mortal effects, impairment (including recoverabipiiy, TTS and masking) and behavioural changes.
Exposure guidelines for effects will be based oe fiifferent ‘animal’ groups:

1. Fishes without a swim bladder ( only detect pagtidotion);

2. Fishes with a swim bladder (primarily detect pdetimotion, and probably also pressure);
3. Fishes with a swim bladder ‘connected’ to the pay{ostomes);

4, Seaturtles, and;

5. Fish eggs and larvae.

Many fishes and invertebrates and perhaps turttessansitive to particle motion in terms of
behavioural responsBsThere is a need to consider particle motion @rtionitoring and mitigation
of underwater noise for these species. Howevég lgtknown of particle motion detection by marine
animals and the effects of elevated particle motioitheir physiology and behaviour.

There are currently no widely used exposure céatéeveloped for marine invertebrates.

Apart from the U.S. there are only a few other ¢oas that specifically use exposure criteria to
regulate anthropogenic noise production in the meagnvironment. A best practise example is the
mandatory use of a noise exposure criterion foimeanammals as part of the licence for pile driving
in offshore waters within the German EEZ when camsing offshore wind turbinds The dual
criterion is defined as: emitted sounds have tbrbiéed to a received level of 160 dB re 1G$SEL

and a sound pressure level of 190,8B.re 1 pPa at a distance of 750 m. These levels were
selected following the precautionary principle irder to account for multiple exposures of pile
driving impulses and keep disturbance as low asiples The mandatory regulation has, along with
government support, greatly stimulated industredearch programmes to develop noise reduction
techniques that aim to meet the required criterion.

There is increasing concern that the use of a vedelevel (RL) dose-response approach for
underwater noise management is inconsistent wittestiunderstanding, potentially misleading, and
in some cases inaccurdteFocussing on the amplitude of the received sagndres a range of

biological, environmental and operational factars. (context) that can affect both the perceptibn o

1 Stadler, J.H. and Woodley, D.P. 2009. Assessiegeffects to fishes from pile driving: Applicatiaf new
hydroacoustic criteria. Inter-Noise 2009. Ottawatadio, Canada. 8 pp.
42 Normandeau Associates Inc. 2012. Effects of noisdish, fisheries, and invertebrates in the U.8artic
and Arctic from energy industry sound generatingviies. A Literature Synthesis. Prepared for tHeS.
4D3epartment of the Interior, Bureau of Ocean Endvigmagement. Contract # M11PC00031. 135 pp.

Ibid
* Lucke, K. et al., 2013. Report of the workshop international harmonisation of approaches to define
underwater noise exposure criteria. Budapest, Hynde/ August 2013. IMARES, Wageningen UR, The
Netherlands. Report number C197.13. 40 pp.
*5 |bid
*® |bid
47 Ellison, W.T., Southall, B.L., Clark, C.W. and Rk&l, A.S. 2011. A new context-based approach sesss
marine mammal behavioural responses to anthropogeninds. Conservation Biology
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received sounds and the complex behavioural resgdngokedf. Research indicates that a variety of
factors can influence how an animal responds taddau terms of the form, extent and probability of

a response. There is a need to account for thesedan underwater noise management approaches
which is challenging given the limited understamgdinf behavioural responses for most species of
marine animals. However, including context as mérbehavioural-response assessment is deemed
necessary by both the scientific commutiignd by federal government agencies in the Unitate$

that produce and regulate sotfhdVith this in mind a new context-based approaet #tcounts for
both acute and chronic noise and cumulative effeatsnarine animals (in this case mammals) has
been proposedThe approach consists of three parts:

1. Measurement and evaluation of context-based betalisesponses of marine mammals
exposed to various sounds;

2. New assessment metrics that emphasise the relspived levels (e.g. ratio of signal to
background noise and level above hearing threshold;

3. Considering the effects of both chronic and acoisenexposure.

These three aspects of sound exposure all neegl tallf incorporated into marine spatial planning
and ecosystem-based management of the marine asthicenvironmert

Real-time Mitigation Protocols

This section describes best practise for real-tiniiggation protocols, namely soft start, visual and
acoustic monitoring protocols used for industrialnailitary activities and highlights a number of
examples. Succinct guidelines for noise generatingvities that include real-time mitigation
protocols have been developed by ACCOBAMS for @sas and are summarised in Table 3.
Although developed for the ACCOBAMS agreement diidgee Mediterranean) this general guidance
is applicable for cetaceans in other marine regioclsiding those areas where no statutory guidsline
are in place. As mentioned in Table 2, for maximeffectiveness real-time mitigation procedures
need to be a tailored set of mitigation and momitpmeasures as part of a project-specific mitayati
and monitoring plan which should be science-bases,autionary and practical

Table 3: Real-time Mitigation Protocols to addréssimpact of noise generating operation on
cetaceans (Adapted from ACCOBAMS guidelines)

Protocol Guidance Comments / Notes

Noise emissions should begin at low powefhe effectiveness of this procedure is still
increasing gradually until full power is reachedheT debateable as it is not always science-
Soft start/ | procedure should take a minimum of 20 minutes | based and generic

famp up Soft start procedure should be delayed if cetaceans

enter the Exclusion Zone (EZ)

Marine Mammal Observers (MMOSs) should walicHighly sensitive species are

\l\jllsufal . the EZ for 30 minutes before the beginning of th@edominantly  deep-diving  beaked
onitoring . .

soft start procedure (or 120 minutes for highlwhales
*® |bid

4 gouthall, B.L., et al. 2007. Marine Mammal NoisgpBsure Criteria: Initial Scientific Recommendagon
Aquatic Mammals 33: 411-521
50 southall, B., et al. 20009. Addressing the Effaftéiuman-Generated Sound on Marine Life: An Intégpla
Research Plan for U.S. federal agencies. Interagdiask Force on Anthropogenic Sound and the Marine
Environment of the Joint Subcommittee on Oceanrgei@and Technology. Washington, DC
5! Ellison, W.T., Southall, B.L., Clark, C.W. and Bkel, A.S. 2011. A new context-based approach sesss
g;arine mammal behavioural responses to anthropogeninds. Conservation Biology

Ibid
3 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacts o
marine seismic surveys with an emphasis on margx@ammals. Aquatic Mammals 39: 356-377.
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sensitive specie

Continuous visual monitoring to be conducted
the entire duration of the noise emission

At least two dedicated MMOs continuously
watch with shifts not exceeding two hours

Activity should be stopped (or powered down)
cetaceans enter the EZ

If noise activity is stopped, then a new 30 min

faonducted in areas that beaked whd

DMMOS main tasks are:

ute

Ideally operations should not K

are known to inhabit

* Monitoring and implementing
f mitigation measures as per the vis
monitoring protocol

Collection of abundance, distributig

period is required without animals in the EZ before 2Nd .behavu()julral data  during
emissions are restarted (120 minutes for highly OPerations (andin transit)

sensitive species) ¢ reporting

Acoustic monitoring should be used to alert thehut down of source(s) whenever

MMOs to the presence of cetaceans

Continuous acoustic monitoring to be conducted
the entire duration of the noise emission

At least one acoustician on watch at any one t

e

\les

hal

>

aggregations of vulnerable species (g.g.

f%e monitoring area.

iPAM may be inadequate mitigation

beaked whales) are detected anywhere in

Acoustic . . Might if cetaceans are not vocal or eas ily
Monitoring® (unless proven automatic detection systems ard

9 available)
(PAM) Acoustic monitoring is mandatory for operations| Igeally high power sources should be

night or in bad weather conditions

In darkness or bad weather noise emissions sh
be stopped or powered down if cetaceans
detected acoustically.

6brohibited at night, during periods of low
visibility and during significant surfacg
Nt
ate

odittting  conditions,  since  curre
angtigation techniques may be inadequ
to detect and localise cetaceans

*: The pros and cons of passive and active aconsbigitoring tools are discussed in Section 4.

A recent and best practise example of operation@etjines to minimise acoustic disturbance from
seismic surveys is the New Zealand Government'saBepent of Conservation 2013 Code of
Conduct”. This code of conduct provides detailed guidameceoperators on their legal requirements
to minimise noise levels and the potential forudisance to marine mammals in New Zealand waters.
The code splits seismic surveys into three maiedylpased on the air gun capacity:

* Level 1 (>427 cubic inches) — large-scale geoplaysitvestigations with dedicated seismic
survey vessels or other studies with high powerdistic sources. This level has the most
stringent requirements for marine mammal protection

* Level 2 (151-426 cubic inches) — lower scale saismvestigations often associated with
scientific research. Smaller platforms using motepmwer or smaller source arrays with less
risk and therefore less stringent mitigation measur

» Level 3 (<150 cubic inches) - all other small scalevey technologies that are considered to
be of such low impact and risk that they are nbjext to the provisions of the code

Level 1 mitigation meets, and in some cases exceddbe measures listed in Table 3. The code also
provides clear instructions on the specific rolad aesponsibilities of MMOs and PAM operators
during operations and sets out procedures in tiva i operation flowcharts that are practical and
easy to use (Figure 2). The code of conduct waslymed by the New Zealand Department of

Conservation in consultation with a broad rangstakeholders in marine seismic survey operations
in the country, including international and domesttakeholders representing industry, operators,
observers, and marine scientists. The overall aita provide effective, practical mitigation meassur

for minimising acoustic disturbance of marine mansrduring seismic surveys and the code has

54 http://Iwww.doc.govt.nz/conservation/marine-and-talseismic-surveys-code-of-conduct/
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been endorsed as industry best practice by thelBatn Exploration and Production Association of
New Zealand (PEPANZ).

The real-time mitigation protocols described pregly have been specifically designed for marine
mammals and cetaceans in particular. Although tiserensiderably less information available on the
effects of underwater noise on marine fish, turtdas invertebrates than for marine mammals, the
non-mammal taxa are beginning to receive more taterfrom the scientific community and
regulatory bodies and agreements in the last deddd®e is a need to develop or adapt real-time
mitigation and monitoring procedures and measucestifese taxa as more information becomes
available. Whether measures such as soft starteffaetive mitigation for fish or turtles and more
mobile invertebrates such as squid is not currdailywn. It is important to determine whether soft
starts are effective in moving fish, turtles oresébd invertebrates from an area prior to operafsn
some fishes and invertebrates occupy home ranggsntay be reluctant to move, while others can
move only slowly’.Visual observation during operations will not beli@ for marine fish or
invertebrates but can be used for marine turtles.

%5 Normandeau Associates Inc. 2012. Effects of noisdish, fisheries, and invertebrates in the U.8artic
and Arctic from energy industry sound generatingviies. A Literature Synthesis. Prepared for tHeS.
Department of the Interior, Bureau of Ocean Endiigmagement. Contract # M11PC00031. 135 pp.
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Figure 2:

Operation Flowchart for Level 1 Seismiz\@ys in New Zealand waters (Source: NZ Departroé@onservation 2013 Code of Conduct).
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- Maxaimum 10 minute interval after 'Shut-down' before 'Soft Start procedures required

- Following 'Delayed Start or 'Shut-down' operations can recommence with 'Soft Start’
when animals observed moving outside relevant mifigathon zone or are not seen for 30mins

- Acoustic source can only be activated within the spacified oparational area
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Alternative Noise Quietening Technologies

A summary of alternative noise quietening techni@edor impulsive noise generating activities,
notably seismic surveys and offshore constructeme, summarised in Table 4 with information
provided on their known effectiveness and curreatesof development. Information was mainly
derived from two recent reviewd’ where considerable further detail can be found toa
technologies, and also from the ACCOBAMS methodicigsummary?.

Alternative acoustic source technologies are thtiee have the potential to replace existing
commonly used technologies in certain conditionanivof the alternative technologies are in various
stages of development and are currently not comaigr@vailable for use, although considerable
progress has been made in recent years, espdnidhg development of alternatives to pile driving
for offshore wind turbine$ (Table 4a). There are a number of alternative dation types in
existence or currently being developed includingrafory pile driving, foundation drilling, floating
wind turbines and gravity-based or bucket foundetioUnderwater noise measurements during
installation are only available for a few of the®ehnologies but many significantly reduce or
completely eliminate the emission of impulsive sbgenerated by pile driving. Instead, continuous
sound is emitted during installation generated biviies such as drilling, suction dredging and
support ship movements, which can contribute tothezall level of background noise in an area.

Alternative technologies for seismic surveys tolaep airguns have been under development for
some time and include marine vibroseis, the lovell@zcoustic combination source (LACS) and a low
impact seismic array (LISA) (Table 4b). Most of shetechnologies are still under development or
testing. However, an electromagnetic marine vibegEMV) system may be available for
commercial use in 2014 subject to field testing andACS system is commercially available for
shallow penetration of sediments, towed streanmsmse surveys or vertical seismic profiling.

Complementary Technologies for Seismic Surveys

As well as developing alternatives to airguns tadiet seismic surveys there is some potential to
reduce the amount of seismic survey activity regiithrough the use of existing complementary
technologies or methods to investigate subsurfamdogy”. These include low-frequency passive

seismic methods, electromagnetic surveys, gravity gravity gradiometry surveys, and the use of
fibre optic receivers.

Low-frequency passive seismic methodsse natural sounds (natural seismicity, ocean svanel
microseism surface waves) to image the subsurfadeage currently being studied in academia and
industry as a means to identify and delineate toatton reservoifs Of the three natural sounds that
are recorded, the use of microseism surface wavstilliat an early stage of development, the ocean
waves method requires further testing and measumatgral seismicity takes longer to collect
sufficient data toproduce results than the other fvoHowever all three ways are regarded as
promising and worthy of further investigation arevelopment.

6 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp.

" Koschinski, S. and Liidemann, K. 2013. Developnamoise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fur Naturschutz (BfN). 97 pp.

8 ACCOBAMS 2013. Methodological Guide: Guidance enlerwater noise mitigation measures.
ACCOBAMS-MOPS/2013/Doc24. 18 pp.

5% Koschinski, S. and Ludemann, K. 2013. Developm#moise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fur Naturschutz (BfN). 97 pp.

69 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pife
driving. Information Synthesis. BOEM. 53 pp.

1 Habiger, 2010. Low frequency passive seismic firamd gas exploration and development: a new
technology utilising ambient seismic energy sourdesWeilgart, L.S (ed.), 2010. Report of the walkp on
alternative technologies to seismic airgun survieysoil and gas exploration and their potential feducing
impacts on marine mammals. Monterey, Californi@2@®keanos —Foundation for the Sea. 29+iii pp.

62 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp.
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Table 4:
4a:

Marine Construction — Pile Driving (Sourcesskbinki and Lidemann, 2013; CSA Ocean Sciences20t3, and references therein)

Summary of Alternative Quieting Technologes available for pile driving (4a) and seismic sueys (4b) and their development status

Technology

Description

Emissions

Development StatdsComments

Vibratory pile
driving

Vertical oscillation of the pile at a specific 1o
frequency (10-60 Hz) by the use of rotati

wLower peak pressure levels than imp
ngriving, 15-20 dB. Some broadband sol

weights. Often used in combination with impaa@mitted at higher frequencies between 500

pile driving

and several KHz.

aGroven technology. Routinely used on sma
npiles. Total energy imparted can be comparabl
Hmpact pile driving as more time is required f
installation. Technology for larger piles a
deeper water recently developed

ler
e to
or
nd

Vibrio-drilling

Combination of a vibrator tandem BVand a drill
head in one unit. Pile is driven into the seabed
vibration, drilling is applied when there
resistance to vibration

<130 dB @ 750 m (estimated, not field testg

by
s

2d) Dawelent stage not known

Vertical drilling

(and cast-in-
place concrete
piles)

Drill head is clamped to the pile base and drill
cavity into which the pile sinks. Variol
technologies currently being developed. Used
combination with impact driving for particulz
circumstances

sla shallow water emitted sound levels &
smuch lower than impact pile driving an
aontinuous levels are lower than those fr
irlarge vessels

arBroven technology for a number of offshore ds
doundation applications but some technolog
pstill under development. Sound levels have
been fully documented in offshore conditions.

2ep
ies
not

Press-in-piles

Use of hydraulic rams to push pile® the
ground. Self-contained units that use static fo
to install piles. Designed for urban areas but
used in shallow waters

cbat sound levels are expected to be very loy
Iso

Underwater noise measurements not availaet known for offshore developments

v

Gravity-based
Foundations

Steel-reinforced concrete structures held in pl
by their weight and supplementary balla
Excavation of the seabed required by suci
hopper dredging for most designs.

ablo specific sound measurements available
simpact pile driving / impulsive noise i

dredging

bRtoven technology in shallow waters (< 20
sdepth). Very limited use in deeper waters

ia@liminated. Main emissions are ship noise amtvelopments are planned for up to 45 m.

One design, the cranefree gravity foundation
self-installing and does not require dredging
levelling of the seabed. This currently nee
testing at the full-scale prototype stage.

m
but

is
or
ds

Floating
Foundations

Three main types: spar, tension leg platform

afND specific sound measurements available

barge floater. Aimed at expanding wind farmso reduction in emissions expected if p
into greater depths. Can involve pile driving to fidriving is used for anchor installation. F

anchor points or use gravity base or suctiather

anchors

anchoring systems emissions fr
gravity base and suction anchors are expe
to be similar to gravity and bucket foundati

ilbased on proven technology from the oil and
pindustry

bm

cted

on

bMiainly at the concept or prototype stage but often

gas
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installation respective.

Bucket or| A large steel caisson that is embedded into|th® specific sound measurements available|bAtproven technology in the oil and gas industry.
suction-based | seabed by suction pumps. Water is pumped oultrafise levels thought to be negligible as impa€tesigns for wind farms are currently at the full-
foundations the cavity underneath the caisson — the vacuumpite driving / impulsive noise is eliminated.scale prototype and demonstration project stage.
combination with the hydrostatic pressure enablBbise sources are support ships and |the
the caisson to penetrate the seabed suction pump
4b: Seismic Surveys (Sources: CSA Ocean Sciences2013 and references therein)
Technology Description Emissions Development StatdsComments
Marine Hydraulic and electromechanical MV’s can be toweSlource level: 203 dB re 1uPa; 6-10&lectromechanical system licenced for shallow water
Vibroseis in the same configuration as airgun arrays or dpdraHz. projected to be available in 2014 depending onrece
in a stationary mode. MV’s have lower source signalditory masking is likely to be morgfield tests.
rise times, lower peak pressures and less enem@¥eabyf 5 problem than with using airguns aBrevious hydraulic systems successfully field thste
100 Hz. signals are for a longer duration anBut not cost-effective due to expense to retrpfit
Electromechanical systems have a number of techpiaéll have a higher duty cycle (% timevessels. New ‘seavibe’ prototype is reliable andermo
and logistical advantages over hydraulic ones. ‘on’). efficient than airguns.
Low Level | The LACS system is a combustion engine producigpurce level: 218 dB re 1uPa at 1|r@ne system is market available and suitable | for
Acoustic long sequences of acoustic pulses at a rate of (peak to peak) shallow penetration, towed streamer seismic suryeys
Combination shots/second with low intensity at non-seismic (-10 or vertical seismic profiling. Second system for
Source (LACS) | Hz) frequencies. deeper penetration is under development and needs

field testing once built.

Deep-towed Current model uses a Helmholtz resonator sourceSource level of 200 dB re 1pPa at 1 mRecent field trials for the single DTAGS in existen
Acoustics/Geop| generate a broadband signal greater than two &taygoximity to the seafloor ensures thalumber of technical and operational disadvantgges
hysics System Source is extremely flexible enabling changes| jmpulsive sound levels are minimisedtompared to airguns — mainly less sediment
(DTAGS) waveform and a decrease in sound level to suitifipecin the above water column. penetration and slower towing speed.
requirements. Effect on marine fauna in shallow waters thought to
Towed 100 m above the seabed at depths down to 6000 be minimal
m with a sediment penetration of 1 km.
Low Impact| Large array of small, powerful electromagneti€ource level of 223 dB re 1pPa at 1| nidery suitable for environmentally sensitive areas| a

Seismic  Array
(LISA)

projectors that use a low frequency electromagn
transducer system. Signal can be well controlled
frequency and directionality

epiossible for a small array according
fimitial testing

tthere is little or no collateral environmental inspa
Development stage not known

Underwater
Tunable Organ

Pipe

Pipe is driven by an electro-mechanical piston

IrNot available

to create a tunable Helmholtz resonator capabl¢ of

large acoustic amplitudes at a single frequency

Can be deployed to depths of 5000 m.
Early prototype stage and only used with frequen

Cie

above 200 Hz.
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Electromagnetic (EM) surveysare often used in conjunction with seismic survagd there are
currently two techniques that have been used asxploration tool in the last decade: controlled
source electromagnetic (CSEM) and magnetotelliT)(surveys. The CSEM technique involves
the transmission of very low frequency (< 1 Hz) ENgnals into the upper layer of the seafloor. The
environmental impacts of CSEM are expected to lgtigible as the CSEM source uses extremely
low spatial and temporal frequencies with a smegdfion of potential influence to marine fiteMT
surveys are a passive measurement of the Earth'si&dé by detecting the natural electrical and
magnetic fields presefit Both methods are often used in combination fbisatface mapping. At the
present time these methods do not have the remoloti penetration to replace seismic surveys but
broader application of EM methods does have thenpial to reduce the level of 3D seismic
surveyir:q% required. The technology is underutilised by industry daetlack of understanding and
adoption”.

Gravity and gravity gradiometry surveys are passive remote-sensing methods that measure
variations in the naturally occurring gravity fielBoth technologies are fairly well developed and
have been used by mining and petrochemical inessfdr decadés Gravity gradiometry involves
measuring the Earth’s gravity gradient and provideger resolution than gravity surveys but also
requires more complex and expensive equipment.tdd¢teniques are not applicable in all geological
settings but have the potential to reduce the atnmiiseismic survey effort requir&d

Fibre optic receivers are sensors that incorporate optical fibres tastrat the received acoustic
signal as lighf. They are mainly used for seismic permanent resemonitoring but the technology

is not currently available for towed streamer sysvéHowever, several key characteristics have been
identified that could lead to noise reduction dgrairgun survey$®

» Reduced amplitude — fibre optic receivers on tladlger have greater sensitivity and achieve
a better signal-to-noise ratio than towed conveticensors which are subject to additional
noise in the water column. This allows the useneéiléer airgun sources for 4D surveys;

* Reduced airgun volume - fibre optic receivers haetter low-frequency performance
meaning that the requirement for large airgun vasmay be reduced,;

* Reduced survey duration — as the receivers areguesmtly deployed, total survey time is
reduced compared to towed streamer surveys becaws@fill is needed and weather
downtime is minimised.

83 Ridyard, D. 2010. Potential application of 3D EMtimods to reduce effects of seismic exploratiomanine
life. In: Weilgart, L.S (ed.), 2010. Report of therkshop on alternative technologies to seismiguairsurveys
for oil and gas exploration and their potential feducing impacts on marine mammals. Monterey,fQaiia,
2009. Okeanos —Foundation for the Sea. 29+iii pp.
64 CSA Ocean Sciences Inc., 2013. Quieting Techneofgir reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp.
% Ridyard, D. 2010. Potential application of 3D EMtimods to reduce effects of seismic exploratiomanine
life. In: Weilgart, L.S (ed.), 2010. Report of therkshop on alternative technologies to seismiguairsurveys
for oil and gas exploration and their potential feducing impacts on marine mammals. Monterey,fQaiia,
E%3009. Okeanos —Foundation for the Sea. 29+iii pp.

Ibid
7 Bate, D. 2010. Gravity gradiometry. In: WeilgatS (ed.), 2010. Report of the workshop on altéwveat
technologies to seismic airgun surveys for oil gag exploration and their potential for reducingatts on
Er;r;arine mammals. Monterey, California, 2009. Okeaffesundation for the Sea. 29+iii pp.

Ibid
%9 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp
" Nash, P. and Strudley, A.V. 2010. Fibre optic heees and their effect on source requirements\Weilgart,
L.S (ed.), 2010. Report of the workshop on altéweatechnologies to seismic airgun surveys foramitl gas
exploration and their potential for reducing imgach marine mammals. Monterey, California, 2009e&os
—Foundation for the Sea. 29+iii pp.
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The technology is particularly suited to future wgéh alternative seismic sources that produce less
high frequency output. To accommodate conventi@igun sources the sensors require a large
dynamic range at higher frequencies to avoid sesaturatio* and these sensors are currently
expensive. Combining fibre optic receivers withht@ques that emit less high-frequency sound such
as marine vibroseis will eliminate the need totix@emore expensive sensBrs

Noise Limitation Technologies

A number of mitigation techniques have been dewatop attenuate noise from activities that
generate impulsive sound in the marine environnjéable 5). This section focusses on techniques
designed to reduce noise levels from marine cocisbru activities, particularly pile driving (Table
5a) and from seismic surveys (Table 5b). Informmatgmurces used to compile the tables were
primarily two recent reviews of noise mitigatiorchaiques produced by the USand Germaft
Governments, with additional information accessethfrecent documents produced by two regional
management bodies, ACCOBANfind OSPAF.

It should be noted that the information providedehis an overview of existing and developing noise
reduction techniques and the information sourcestimeed above should be consulted for more
detailed information. In addition one of the maoues of information usédwas compiled as an
information synthesis background document for ameavorkshop on quieting technologies for
seismic surveying and pile driving, organised bg thS. Government’s Bureau of Ocean Energy
Management (BOEMY. However at the time of writing the final reportsgribing the discussions,
conclusions and recommendations of this workshapmwed published and so are not included in this
document.

Techniques to reduce noise from pile drivingnainly consist of placing a barrier around the pd
attenuate sound from hammering. The barrier caa belid casing that is drained or filled with a
layer of bubbles or other absorptive materialsa @murtain of bubbles. There has been considerable
progress in the development of a range of methmasitigate pile driving noise in recent years. The
most commonly used techniques are cofferdams arfdbl®ucurtains. Techniques that alter the
duration of the noise pulse and the design of tiiagphammer are also at the early stages of
development (Table 5a).

There have been numerous studies of the effecttgernd bubble curtains for wind turbine
foundations, docks and other coastal constructiojegts and pile driving activities (See CSA Ocean
Sciences Inc., 2013for a list of published studies). Big bubble cimsaare currently regarded as the

"L CSA Ocean Sciences Inc., 2013. Quieting Technetofgir reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp

2 Nash, P. and Strudley, A.V. 2010. Fibre optic heees and their effect on source requirements\Weilgart,
L.S (ed.), 2010. Report of the workshop on altémeatechnologies to seismic airgun surveys foramitl gas
exploration and their potential for reducing imgach marine mammals. Monterey, California, 2009 &los
—Foundation for the Sea. 29+iii pp

3 CSA Ocean Sciences Inc., 2013. Quieting Technetofgir reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp

" Koschinski, S. and Lidemann, K. 2013. Developn@moise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fur Naturschutz (BfN). 97 pp.
SACCOBAMS 2013. Methodological Guide: Guidance ondemvater noise mitigation measures.
ACCOBAMS-MOPS/2013/Doc24

" OSPAR Convention for the Protection of the Marffevironment of the North-East Atlantic. 2014. Draft
Inventory of noise mitigation measures for pilevirg. Meeting of the Intersessional CorrespondéBigaup on
noise (ICG Noise), Gothenburg (Sweden): 29-30 Jan2@14. ICG Noise 14/6/2-E.

" CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp

8 Quieting technologies for reducing noise durinigrséc surveying and pile driving workshop. 25-2bfery
2013. Silver Spring, Maryland. Bureau of Ocean Bpéanagement (BOEM).

9 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp
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best-tested and most proven noise mitigation tegtenfor the foundations of offshore wind faffhs
Their suitability has been shown through modellirfigld testing and practical application.
Additionally, using a double layer of bubbles candonsiderably more effective for noise mitigation
than a single bubble curtain, Little bubble curta@ttso have considerable potential and more recent
designs of using a ring of vertical hoses or casing able to prevent bubble drift in tidal curs&nt

Of the three designs mentioned (Table 5a) the icudfavertical hoses is at the most advanced stage
of development. Little bubble curtains have theeptial to be applied in commercial offshore seting
once the components are adapted to offshore condfti To date bubble curtains have been shown to
result in noise reductions that can meet objectinetuding meeting regulatory noise critéfia
reducing behavioural disturbance of marine mamfthatsd avoiding fish kilf$.

A variation on the bubble curtain is the Hydro Sdbiamper (HSD) which uses a net embedded with
small elastic, gas filled balloons and foam to eselthe pile. By varying the balloon size the HSD

can be adjusted to achieve maximum noise reduatiparticular frequencies. Other advantages over
bubble curtains are that the HSD system is verjlfle in terms of assembly design to suit different

applications, does not rely on compressed air st affected by currents or tifles

The known effectiveness and current developmenistaf two recent designs for complex isolation
casings (IHC Noise Mitigation System and BEKA Skelare summarised in Table 5a. These
combine the effects of a reflective casing and ioeof bubble curtains with the principle of
cofferdams to reduce noise by absorption, scatiesind dissipatidd. Both systems have been
designed primarily for offshore developments antheory will achieve greater noise reduction than
bubble curtains or cofferdams individually. Howeusoth systems require further testing in an
offshore setting to provide actual emission redurctiata that can confirm the modelling predictions.

The potential for technical noise mitigation frorfepdriving is currently limited by the multipath
transmission of the emitted sound waves. Modellifigthe relative contribution of propagation
pathways (air, water and seismic paths) indicdtasthe water path propagates the greatest améunt o
noise and mitigation techniques have therefore §eed on reducing the sound radiation into the
watef®. However, the seismic contribution through thebseais usually the limiting factor for the
effectiveness of mitigating the water pths a considerable amount of sound energy cantee-e
water column via the seismic path. The seismicrdmurtion to overall sound transmission in water is
10-30 dB less than the three paths combthdtherefore the maximum achievable noise redudtion
current mitigation techniques is limited to 30 dflass the seismic path is also attenu@ted

8 Koschinski, S. and Liidemann, K. 2013. Developnamoise mitigation measures in offshore wind farm
glonstruction. Federal Agency for Nature ConservetiBundesamdt fiir Naturschutz (BfN). 97 pp.

Ibid
8 |bid
8 Wilke, F., Kloske, K. and Bellman, M. 2012. ESR&valuation von Systemen zur Rammschallminderung an
einem Offshore-Testpfahl. May 2012 (In German weittended abstract in English)
8 Nehls, G. 2012. Impacts of pile driving on harbparpoises and options for noise mitigation. Inm@psium
on protecting the Dutch whale, Amsterdam, 18 Oat@0d 2.
8 Reyff, J.A. 2009. Reducing underwater sounds withubble curtains. TR News 262. P. 31-33.
8 CSA Ocean Sciences Inc., 2013. Quieting Technetofgir reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp
8 Nehls, G., Betke, K, Eckelmann, S. and Ros, M.7208ssessments and costs of potential engineering
solutions for the mitigation of the impacts of unglater noise arising from construction of offshaied farms.
BioConsult SH report, Husum, Germany.
8 OSPAR Convention for the Protection of the Marievironment of the North-East Atlantic. 2014. Draft
Inventory of noise mitigation measures for pilevirg. Meeting of the Intersessional CorrespondéBigaup on
noise (ICG Noise), Gothenburg (Sweden): 29-30 Jan2@14. ICG Noise 14/6/2-E.
8 Applied Physical Sciences. 2010. Mitigation of endater pile driving noise during offshore constiur.
Final report. Report No. MO9PC00019-8
% |bid
%! Koschinski, S. and Ludemann, K. 2013. Developm#moise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fur Naturschutz (BfN). 97 pp.
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Table 5:

Summary of Noise Limitation Techniques for pile driving (5a) and seismic surveys (5b) and their devglment status

5a. Pile driving and associated marine construcidivities (dredging and drilling)
Mitigation Description Emission Reduction Development Statilg Comments
Technology
Big air bubble curtain | A large bubble curtain thatally consists of a pipeSingle bubble curtain: 11-15 dBProven technology and potential for optimisation in
with drilled holes placed on the seabed around|t{®EL), 8-14 dB (peak) terms of handling and system effectiveness |(air
whole foundation or structure. Compressed .ouble bubble curtain: 17 OI3’supply, bubble sizes and distance from source)
escaping from the holes forms the bubble scre g ) .
S - . EL), 21 dB (peak) Double screens reduce emissions more than sjngle
shielding the environment from the noise source. .
ones and are most effective when two sepdrate
bubble curtains form
Seismic path propagation may be reduced due to the
large diameter of the system
Littte  air  bubble| More customised smaller curtain that is pla¢ddiyered ring system: 11-15 dBPilot stage with full-scale tests completed
curtain (severa| around the noise source in a close fit. Can coo$iat] (SEL), 14 dB (peak) Practical apolication possible
variations) rigid frame placed around the source but Seve@clmfined little bubble curtain: 4-5 pp P
designs are possible: dB (SEL) ’ Tidal currents can cause bubble drift and sound
Layered ring system — multiple layers of perforatq_d _ _ _ Ieak_age but effect can be minimised in more recent
. . . ittle bubble curtain with vertical designs.
pipes that surround the source in a rlng-shapﬁoses_ 14 dB (SEL), 20 dB (peak)
arrangement ' ' P Confined bubble curtains initially designed for
Confined bubble curtain — additional casing around shallow waters with strong tidal flow
the area of rising bubbles. Casing can consis} of All designs do not affect seismic path propagation
plastic, fabric or a rigid pipe and does not afftht Vertical hose design prevents sound leakages as
oo . 5
mitigating properties of the system there are no horizontal gaps between the hoses
Little bubble curtain of vertical hoses — vertigal
arrangement of a number of perforated pipes orshpse
around the source
Hydro Sound Dampef HSD consists of fishing nets embedded with small Independent of compressed air and not influenced
(HSD) latex balloons filled with gas and foam that surmy . by currents. Easily adaptable to different
the source. The resonance frequency of the ballaélﬁ%4 dB (SEL); 17-35 dB (SEL) applications
is adjustable, even to low-frequency ranges

Pilot stage but also commercially applied at
North Sea offshore wind farm

e
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Further development — additional dampers and
layers; tests to reduce seismic propagation

net

‘encapsulated bubbleg

Same principle as HSD - balloons of 6-12
diameter used to reduce low-frequency compon
of pile driving noise

Cridp to 18 dB (singular third octayv
e hisnds)

eCurrently under development with a few ‘proof
concept’ field experiments completed

Cofferdam

Rigid steel tube that surrounds the fiden seabed
to surface, with the water pumped out between
tube and pile. The air space between the pile had
water column attenuates sound — acoustic decou
of noise of the pile driving noise within th

t

pli
e

Up to 22 dB (SEL), 18 dB (peak)

Eﬁeenerally expected to match bubbl
cr%lgrtains in terms of noise mitigatig

cofferdam.

Practical application in many commercial proje
én shallow waters (<15 m). Currently at the pi
Stage for deeper offshore waters and proposeg

ndepths of at least 45 m.

Further developments for offshore underway (¢
free standing system, telescopic system).

is needed for offshore developments.

Installation likely to require more time than ling¢
barriers or bubble curtains and specialist equignmen

cts
ot
for

ed

Pile-in-Pipe Piling

Particular type of cofferdam avl the cofferdam
are the four legs of a foundation. Pile driving wec
above the sea level so that acoustic decouplin
enabled by the construction itself. Requi
considerably more material than conventio
cofferdams

527 - 43 dB (SEL) — modelled
gH|isqh noise reduction expected

[es
nal

proven technique
Complete dewatering of cofferdams will be crucig

Cofferdams are not reusable as they are part o
foundation

Validated concept stage but is a variation onp a

the

IHC Noise Mitigation
System (NMS)

Double layered screen filled with air and a mu
level and multi size confined bubble curtain betwsg
the pile and the screen.

t5-17 dB (SELJ

3(T\Ioise reduction by NMS predicte
to exceed that of a bubble curtain

Bubble curtain is fully adjustable.

commercial offshore project but insufficient dg
available to make reliable conclusions for mitigat
performance.

dProven technology to 23 m depth. Tested in a

ita

BEKA Shells

Double steel casing with a polymeriridf combined
with an inner and outer bubble curtain and acou
decoupling (vibration absorber). Multiple laye
create shielding, reflection and absorption effects

6-8 dB (SEL)*
stic . .
Eredlcted to have the highest no
reduction potential of all techniqug

presented

=

Lower end penetrates the seabed to decouple s
Steransmission along the seismic path.

2S*Available emission reduction data collected
specific problematic circumstances (ESRa Projeq

Pilot stage completed. Requires full-scale tesim
offshore field conditions

ound

in

t)

Prolongation of pulse

Prolonging the pulse duratidna pile strike will

Models: 4-11 dB (SEL), 7-18B

Modelling and experimental stage for large f

e
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duratior

cushion between the hammer and pile

reduce the corresponding sound emission whic
principle can be achieved by having an elastingi

Disadvantage of a loss of piling force with the oe
cushions increasing the total number of strikes

(peak?

4-8 dB (SEL¥

- . . :
Piling cushions (various materialg

diameters but proven technology for small |
diameters.

)

In tests micarta (bakelite) was identified as tbstl
option for piling cushion material

D

Modification of piling
hammer

Not specified

Not available

Experimental stage — research repaltsling

1. With regard to North Sea offshore conditions aatler depths to 40 m.

2. Data from several developments or field testalioed

5b. Seismic surveygSource: CSA Ocean Sciences Inc., 2013 and refeseherein)

Technology Description Emission Reduction Developmé Status / Comments

Bubble curtains

Evaluation of deploying towed aibble
hoses to reduce lateral noise propagation
(BOEM sponsored study)

Initial evaluation; at least 20 dB

Second evaluation: bubble curtains
were not able to produce the requirg
noise reduction

Desk-based evaluation - advise in 2010 was to not
investigate further as little noise, if any, woblel
, pitenuated

Not practical for deep water and does not blockidou
when there is a direct line of sight to the source

Parabolic reflectors

Evaluation of the potentiairtake airgun
arrays more vertically directional by towing
parabolic reflector over the array

Potential for large reductions in
a sound, especially at vertical angles
70°.

Not recommended for further investigation in 200@ ¢o

>a number of limitations (elevated risk in towinglan
deployment, not effective in shallow water becanfse
bottom reflections)

Airgun silencer

Consists of acoustically absorpfivam
rubber on metal plates mounted radially
around the airgun

Tests: 0-6 dB (SPL) above 700 Hz
but overall increase in SPL of 3 dB
due to an increase in sound near 1(
Hz

Modest reduction achieved in tests but thoughtateeh
potential to improve

ORegarded as a ‘proof of concept’ that would reqgfurtgher
development in 2007 but later, in 2009, as ‘impcatt

Modification of
airguns

Possibility of redesigning airguns to reduce
high-frequency sound considered

E-source airgun — reduces high-frequency
output

Not available

Not available

Initially regarded as unfeasible as would require
development and testing of a completely new product

E-source airgun currently under development
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Damping of the seismic path from the embedded@edii the pile is currently difficult but needs to

be considered if noise mitigation systems are tarfproved furthef’. The application of big bubble
curtains may enable noise reduction from the seigmaih as the large diameter of the mitigation
system can extend beyond the distance where sepsthicnoise re-enters the water column. BEKA
shells are also designed to mitigate the noiseggaied through the seismic path by penetrating into
the seabed and decoupling the sound transmissacthigi rout&'.

A key logistical challenge is minimising the ingasibn time for the noise mitigation system so that
the application of such a system is economicalisitel€®. As not all of the available systems have
been routinely applied yet it is difficult to pretihe length of the installation process with @iy,
particularly in offshore settings. Further work gsrrently aiming to efficiently integrate noise
mitigation into the operatiof’s

Noise mitigation techniques for seismic surveysave been recently reviewed by the U.S.
Government’s Bureau of Ocean Energy Management B®EA number of techniques to reduce
lateral noise emissions from airguns have beerstigeted including the use of bubble curtains and
parabolic reflectors, and the development of aguairsilencer or re-designed quieter airguns (Table
5b). However, none of the techniques have beemtakech further than the early developmental
stages and some have been discontinued. Both babiteens and parabolic reflectors were regarded
as impractical and ineffective after initial evaioa. Airgun silencers were first thought to have
potential as modest levels of noise reduction weeasured during teStsbut then were also later
considered to be impractiéal Efforts to re-design airguns for the reduction hifh-frequency
emissions have made more progress than other moisgation technique but are still under
development. The E-source airgun is currently beliegeloped by Bolt Technology Corporation and
WesternGec® but there is no information publicly availablereport on current progre$s

Continuous Sound Mitigation

Long-term measurements of ocean ambient sound ihdi@ted that low frequency anthropogenic
noise has been increasing and this has been pinadiributed to commercial shipping noi$g®
The global merchant fleet is through to be the tgigiacontributor to the doubling in background eois

92 |bid
% OSPAR Convention for the Protection of the Marffevironment of the North-East Atlantic. 2014. Draft
Inventory of noise mitigation measures for pilevidrg. Meeting of the Intersessional CorrespondeBiazup on
noise (ICG Noise), Gothenburg (Sweden): 29-30 Jan2@14. ICG Noise 14/6/2-E.
9 Koschinski, S. and Liidemann, K. 2013. Developnamoise mitigation measures in offshore wind farm
g:sonstruction. Federal Agency for Nature ConservetiBundesamdt fir Naturschutz (BfN). 97 pp.
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97 CSA Ocean Sciences Inc., 2013. Quieting Techneofpr reducing noise during seismic surveying pifed
driving. Information Synthesis. BOEM. 53 pp
% Nedwell, J. and Edwards, B.E. 2005. Initial testsan airgun silencer for reducing environmentapaat.
Subacoustech report reference: 644 R 0108. Sulhtist&xploration and Production Technology Group, B
Exploration.
% Spence, J. 2009. Seismic survey noise under exdionn Offshore Magazine 69. Vol. 5.
100 weilgart, 2012. Alternative quieter technologies seismic airguns for collecting geophysical dara.
Abstracts, % International Conference on Progress in Marine s@oration in Europe 2012. Straslund,
Germany. Pp. 17-18
101 CSA Ocean Sciences Inc., 2013. Quieting Technetofgir reducing noise during seismic surveying pited
driving. Information Synthesis. BOEM. 53 pp
192 Andrew RK, Howe BM, Mercer JA, Dzieciuch MA (200@cean ambient sound: comparing the 1960s with
the 1990s for a receiver off the California codstoust Res Lett Online 3:65-70
193 McDonald MA, Hildebrand JA, Wiggins SM, Ross D (B)@\ fifty year comparison of ambient ocean noise
near San Clemente Island: a bathymetrically comptastal region off southern California. J Acoust 3m
124:1985-1992
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levels in the marine environment in every decadar tive last 50 yeal¥. In some areas there is clear
evidence that shipping noise is increasing asawe bof ship traffic increas&Ss.

The main noise sources from ships are those caugséke propeller, by machinery including sea-
connected systems (e.g. pumps) and the noise cdyyséde movement of the hull through the
water®®*°” Propeller cavitation is usually the dominant seufior large commercial vessels.

Reducing noise production by ships can be achi¢imezigh design or operational solutions and a
wide range of these are availdBfé®® Design alterations are briefly summarised bel®ab{e 6), and
considerable further detail for these can be faariie source references. Many of the alteratioas a
designed to improve the propulsive efficiency @ #hip. It is thought that existing technology ban
used to quieten the noisiest ships which are als@utly operating at sub-optimal efficienci€sThe
main techniques available are improving propellesigh to reduce cavitation and match actual
operating conditions, and improving the wake flowoithe propeller for existing ships or for new-
builds. The latter is achievable with relativelitléi additional cost to the overall price of a \&#s$
and may result in reduced running costs once dperdt'? Retro-fitting existing ships to improve
wake flow is also relatively cheap compared to othere substantial design changes. A flow chart
that sets out the activities required to reduceenmdter noise from commercial shippitiis
provided in Figure 2.

Another option that has had a small level of upthkehe shipping industry to date is the use of a
large computer-controlled towing kite that helpsptdl the ship through the water. This can reduce
fuel usage and decrease the operational load oprtipellet™’. There are also quieter alternatives to

conventional propulsion systems which are not atswi for existing vessels but can be considered
when designing new ships for particular dse€Examples are drop thrusters, Z-drives and podded
propulsion systems (azipods), waterjets, rim dpik@pulsion and Voith-Schneider systéfis

104 Wright, A.J. (ed.) 2008. International Workshop Shipping Noise and Marine Mammals, Hamburg,
Germany, 21st-24th April 2008. Okeanos - Foundation the Sea, Auf der Marienhohe 15, D-64297
Darmstadt. 33+v p

195 Frisk, G.V. 2012. Noiseonomics: The relationshigivieen ambient noise levels in the sea and global
economic trends. Sci. Rep. 2:437. doi: 10.10380354p7

196 | eaper, R. and Renilson, M. 2012. A review of ficat methods for reducing underwater noise pauti
from large commercial vessels. International Jourred Maritime Engineering 154: A79-A88.
do0i:10.3940/rina.ijme.2012.a2.2277?

197 CSA Ocean Sciences Inc., 2013. Quieting Technetofir reducing noise during seismic surveying pitel
driving. Information Synthesis. BOEM. 53 pp.
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110110) eaper, R. and Renilson, M. 2012. A review of ficat methods for reducing underwater noise pahuti
from large commercial vessels. International Jourraf Maritime Engineering 154: A79-A88.
doi:10.3940/rina.ijme.2012.a2.2277
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Many of the technologies available to reduce nbigen the engine and associated machinery are not
currently scalable to the sizes needed for commlestiipping. Research programmes are needed to

resolve this issue, which has been regarded astétyfor investment'”.

Table 6.

A Summary of Design Noise Reduction Methimd Commercial Ships
(after CSA Ocean Sciences Inc. 2013; Leaper ami$on, 2012)

Source

Technique

Notes

Propeller

Reduced vessel speed

Simple method to reduce this sftoustic footprint, bug
may result in sub-optimal propeller performancee-iselow

Modify propeller to match actus
use

IMost propellers are designed for modelled and rotiad,
variable operating conditions

Foul release coating — non-toxi
antifouling coating that improve
efficiency

cMixed evidence that there is noise reduction
S

Routine maintenance

Repair minor damage / removwenengrowth to maintain
efficiency and minimise cavitation

Specially designed propellers al
thrusters

ndelay and reduce cavitation but effects not indepetly
verified for all designs

Wake inflow devices and ducte
propellers

dmprove the wake to reduce cavitation and imprdweeflow
into the propeller

Propeller hub caps

Reduce hub vortex cavitation laydioacoustic noise, and
improve propeller efficiency

Altering
interactions

propeller/rudder

Propeller/rudder interaction has a significant iotpan
propulsive efficiency. Various concepts

Anti-singing edge

Modify the propellers trailinggsd

Twin-screw  ships bette
working conditions for propellers

rReduce propeller cavitation

Machinery

Resilient isolation of equipment

Reduce vibration

Isolated deck / larger structure

Resiliently moequiipment on one floating deck

Damping tiles /

damping

Spray-on Reduce vibration energy in structures

Ballast-Crete
commercial ballast material

pre-blendedProvides additional damping of structures in contac

Decoupling materials (e.g. foa
rubber or similar)

mApplied to hull exterior to reduce radiation eféocy

Selection of low-noise equipment

Variation betwesanmufacturers

Hull

Well-designed hull form

Good designs require lessvgr for a given speed arn
provide a more uniform flow into the propeller, ieasing its
efficiency and improving wake flow

Asymmetrical afterbody

Improves flow into singleew propellers

Air bubble system (curtain) alongBlocks sound transmission from hull (but also frpropeller

a portion of the hull

or machinery)

17 Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and

recommendations. WWF International, Gland, Switzadl
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Adoption of standards
for underwater nose
measurement of shigs

ANSI/ASAand ISO

Establish testing
equipment and

Better understanding

> of design features that

Develop theoretical

- models to predict
which shigs are most

Further full scale

measarements of
> those ships predicted
tobe the notsiest to

Eey to be the nokiest vakdate model
predictions
New build vessels Modifications to
include design noisest existing
measures to vessels reduce
minimise noise noise

) contribute 10 noise
facilities for noke ocutput
Betterprediction and measurement of ships
MO modeitesting of new
Energy Efficency l-’ designs improving
Design Inde x EEDI) propelers and wake
flow Better understanding
of operationalfactors
that contribute to
Full scale noise "l nosecutput (eg
—— Y measurements of speed, bakast and
Potential modFications triem)
Ship Energy posurer ships at sea over a
Effidie
mm'::'un improve wake flow of - wide range of -
(SEEMP) optimse propeber mm conditions Isthere 3 relationship
W, between internalnose
and including energy M| measured within the
saving modifications ship and hydro
acousticnoe?
and speed
Slow steaming 1o
reduce fueland
emissions Are ships that suffer
N from extreme vibration
or cavitation also the
most noisy ?
Can noise measurements
be used asan indicator Model scale noise
of propelier damage t Seter understanding
requirngremedal measureme of of effects of eMiciency
action? propeller types and measures on noke,
N indhuding propeler
‘ devices to imw design and wake Now
wake flow Measurements of
noke dMerences
related to damage
to the propelier

Figure 2.

Flow chart of activities required to redwnderwater noise emissions from conventionatihaert ships (Leaper and Renilson, 2012)
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Operational procedures to reduce noise emissiomsmainly concerned with travelling at slower
speeds or ensuring there is routine maintenanagoipment such as propellers. Although slower
steaming will require more ships to be operatedaiwy the same amount of cargo there should be a
large reduction in total acoustic emissions assediwith slow steamirid®. Slow steaming can also
reduce fuel costs for individual vessels.

Regulating vessel routing and schedufiignay also achieve reductions in ambient noise $ebgl
reducing the density of shipping traffic in certaireas and/or times, such as sensitive habitats or
seasons for marine tdx& Re-routing vessels has been suggested to aveidtign in environments
that favour long-range transmisstéhsuch as locations where sound will propagate intodeep
sound chann&? These locations are where the sound channebétter bathymetric features such as
the continental slope or at high latitudes wheiis itery close to the surfaée Avoiding such areas
can be achieved by vessels moving further offshioresome cases but such re-routing will need
careful consideration if there is an associatedemse in speed or distance travéfiédand fuel
usage).

Draft guidelines for minimising underwater noiserfr commercial ships have been developed by the
International Maritime Organisation’s (IMO) Designd Equipment Subcommitté&(Annex 2). The
guidelines mainly focus on considering noise indasign of propellers and hulls, and in the sedecti

of on-board machinery. They also encourage modéhtgduring the design phase and maintenance
during operation. The draft guidelines will be ddesed for adoption by the IMO’s Marine
Environment Protection Committee at their next nimge{MEPC 66) in March or April 2014. The
guidelines are voluntary and are intended to pegeneral advice about the reduction of underwater
noise to designers, shipbuilders and ship operatbisas been stated that the adoption of these
guidelines will represent acknowledgement of theeggy of the issue and represent a substantipl ste
forward in reducing ship noi&8
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3. Monitoring and Mapping Tools

This section outlines the monitoring and mappinglgccurrently available or in development to

enable the production of acoustic and marine spgmipulation maps for a given area. Data needs
and the current availability of acoustic and magpiools are discussed. Monitoring tools include

passive acoustic monitoring (PAM), habitat modeds farine mammals and real-time marine

mammal detection. New monitoring techniques suchthes use of thermal imaging are also

highlighted.

Acoustic monitoring and modelling is an essentiEment of noise mitigation for the marine
environment both for the assessment of impulsivkamtinuous sound levels in an area but also for
predicting and determining the presence of maripecigs in the vicinity of noise generating
activities.

Acoustic and Species Distribution Mapping

The development of acoustic mapping tools has ncadeiderable progress in recent years, with a
number of tools currently being developed by redeens, mainly for government agencies. These
tools are being put together to describe averagehunduced noise fields over extended periods of
time or over large areas of coastline or open aceéhay can provide powerful visualizations of low
frequency contributions from anthropogenic souraed their extent, and also begin to address the
scales at which many marine animals actually opetatcombination with tools to characterize the
distribution and density of marine animals as vesllimportant management jurisdictions, they can
provide important information for risk assessmami &r understanding what tools are available to
address those risk&

Two important tools that are currently being depelb in the United States are ‘SoundMap’ and
‘CetSound’ by working groups convened by NOAA: thederwater sound-field mapping working
group and the cetacean density and distributionpmgpworking group. SoundMap aims to create
mapping methods to depict the temporal, spatialspattral characteristics of underwater noise. The
specific objective of CetMap is to create regiooetiacean density maps that are time- and species
specific for U.S. waters using survey and modeds ¢istimate density using predictive environmental
factors. Cetmap is also identifying known areasp#cific importance for cetaceans such as feeding
and reproductive areas, migratory corridors, amdsin which small or residential populations are
concentrated. The SoundMap product will enableipted chronic noise levels to be mapped for an
area over a specific timeframe and facilitate thanagement of cumulative noise impacts for
cetaceans and other taxa. Mapping of more transiettlocalised noise events from acute sources
such as military sonar or seismic surveys canlasondertaken.

Both tools were presented to a range of staket®lffern government and industry as well as
research scientists, environmental consultancidscanservation advocacy groups at a symposium in
2012%, Discussions at the meeting provided feedbackterworking groups on the utility of the
products to support planning and management, audsaiggested ways to improve the tools such as
integrating them with other mapping products toeassrisk from multiple stressors and determine
cumulative impacts. The use of equivalent, unweighsound pressures levels.fLwhich are
averages of aggregated sound levels was also guoedtin that it does not provide sufficient detail
show the acoustic conditions experienced by indiaicainimal&®®. However it was generally agreed
that the products were a useful first step in dgielg practical tools to map both noise and cetaxea
in the marine environment and have great poteatighey are further improved. Regular updates of
the products are also required to keep them upt®ahd usable.

Another product that is in development is the Salisevironmental Acoustic Noise Assessment Tool
(SEANAT) which provides a range of tools for modwedl sound fields associated with underwater

127 eila Hatch pers. comm.

128 National Ocean and Atmospheric Administration. 20Mapping Cetaceans and Sound: Modern Tools for
Ocean Management. Final Symposium Report of a Teehworkshop held May 23-24 in Washington, D.C.
83 pp.
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noise sourceéd’. SEANET has been developed by the Centre for MaBicience and Technology at
Curtin University for use in the German EconomiclEsgion Zone (EEZ) waters. The product can
configure model scenarios, run underwater soundpggation models in realistic acoustic
environments, compute received levels and visualiseresulting sound fields. Sound propagation
modelling uses two models, RAMGeo, a modified \@rsdf the Range-dependent Acoustic Model
(RAM) for lower frequencies up to 2 kHz. For higliEquencies (>2 kHz) the Bellhop model is used.

Habitat modelling of cetaceans can also help torinfmarine spatial management and planning.
Cetacean modelling has considerably advanced itatedecad@’ and near real-time forecasts of
distributiort** are now possible providing highly useful inforneatithat can assist in the planning of
anthropogenic noise generating activities. Cetad®alritat modelling techniques are also able to
predict cetacean densities at fine spatial scalesatch the size of operational aréasDensities are
estimated as continuous functions of habitat véegbuch as sea surface temperature, seafloor,depth
distance from shore or prey den&ifyModel results have also been collaboratively ipoeated into

an online mapping portal that uses OBIS-SEAMAP datasets and a spatial decision support system
(SDSS) that allows for easy navigation of modelgdxon, region or seasbi The SDSS displays
model outputs as colour-coded maps of cetacearitgdosan area of interest along with a table of
densities and measures of precision. This usendijeonline system enables the application of these
habitat models to real world conservation and mamamt issues’.

There are also considerations to develop confirrgato mechanistic models that will provide more
robust and accurate predictions of species disidbs that are based on greater ecological
understandiny’. However, mechanistic models do currently haveimber of limitation§® and an
incremental iterative process from simple to comgt@mulations is recommended before spatially
explicit models of marine mammal population dynanimcorporating prey abundance and
environmental variability can be successfully Beilt

Mapping the distributions of marine mammals otheemt cetaceans is required as well as important
species from other taxa such as fish, turtles aweériebrates. Fisheries data is a key source of
information to produce species distribution anditadlbmaps for many marine fishes. These data
should be combined with products such as Sounddl@nable spatio-temporal risk assessments that
can feed into the marine spatial planning procé&sesystem-level modelling frameworks for the
marine environment that permit the inclusion of lamractivities should also be considéf&d

Continuous noise pollution has the potential to krthg vocalisations or hearing of marine animals
during important activities such as navigating,dfeg or breeding. These chronic effects may be
more substantial than short-term acute effects theespatial and temporal extents relevant to rearin
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Mexico. Endangered Species Research 18: 1-15.

136 |bid

137 palacios, D.M., Baumgartner, M.F., Laidre, K.L.daGregr, E.J. 2013. Beyond correlation: integrating
environmentally and behaviourally mediated processanodels of marine mammal distributions. Endaade
Species Research 22: 191-203.

138 |bid

139 International Whaling Commission 2013. Report loé scientific committee. Annex K1: Report of the
working group on ecosystems modelling. J. CetatsnmManag. 14(Suppl.): 268-272.

140 plaganyi, E.E. and others. 2012. Multispeciesefids management and conservation: tactical apiolita
using models of intermediate complexity. Fish Fbhi; 10.1111/j.1467-2979.2012.00488.X .

39



animals that rely on acoustic communicatfonThere is increasing recognition that sub-lethal
impacts such as communication masking or behavioasponses from chronic exposure to sounds
are perhaps one of the most important considesfimnpopulation$® Communication masking is
particularly an issue for baleen whales that relylaw-frequency sounds for major life functions as
their communication frequencies overlap with mdstoaic noise producing activities, particularly
from large commercial vessels. It is therefore ingut to be able to measure chronic noise leveds an
determine the extent of communication masking farine fauna such as baleen whales.

Recent studies in the Mediterranean Sea of CuMieraked whale distribution indicate that modelling
tools can be employed for a preliminary risk assesg of ‘unsurveyed’ are¥s. A priori predictions

of beaked whale presence in the Alboran Sea wekiaed using models developed in the Ligurian
Sea that use bathymetric and chlorophyll featusegradictors. The accuracy of predictions was
found to be adequate suggesting that the habitdelwas transferable for use in an area different
from the calibration sité®. This study indicates that initial risk assessmenay be feasible in data-
poor areas if a regional habitat model for a paldic species is available for transfer into the
‘unsurveyed’ site.

Tools have been developed to measure communicatasking in the marine environment. One
example is the assessment of communication spatenasking for the endangered North Atlantic
right whales in an ecologically relevant area dyiineir peak feeding season on the east coaseof th
United State$>'“*S Modelling techniques were used to predict reabiseund levels from vessel and
whale sound sources for the area within the fregquéand that contains most of the sound energy in
whale contact calls. As well as providing techngju® measure and predict the degree of
communication masking the tools can be used to@upipe development of management guidelines,
as they provide a method for integrating differguiantitative evaluations into a management
framework.

Further development of tools to assess maskinghieranarine taxa such as fish is required. The
potential for communication masking in marine fishconsiderabfé’ with most communication
signals in fish falling within a frequency bandeen 100 Hz and 1 kHZ, which overlaps with low
frequency shipping noise. There is a need to develchniques to translate the effects of masking on
ecosystem servicES for marine taxa, especially marine mammals arfibfis Integration of masking
effects into assessments of cumulative impacts frartiple stressors is also required.

Passive and Active Acoustic Monitoring

Passive acoustic monitoring (PAM) can be an effectool for cetacean detection if used properly
and should be a mandatory requirement for mitigagicocedures during operations. PAM is also a
useful tool for the collection of baseline datadvefa project starts and once operations have been
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and Arctic from energy industry sound generatingivéies. Literature Synthesis. Prepared for theSU.
Department of the Interior, Bureau of Ocean Endvigmagement
143 Azzellino, A. et al., 2011. Risk mapping for séivsi species to underwater anthropogenic soundséonis:
M?del development and validation in two Mediterrmm@reas. Marine Pollution Bulletin 63: 56-70.
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395: 201 - 222
146 Hatch, L. T., et al. 2012. Quantifying Loss of Aistic Communication Space for Right Whales in and
around a U.S. National Marine Sanctuary. ConsesraBiiology 26: 983-994
147 CBD Secretariat 2012. Scientific Synthesis on ithpacts of underwater noise on marine and coastal
biodiversity and habitats. 93 pp.
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completed to monitor long-term patterns of cetacdiatribution in the project area. The ability to
conduct detailed real-time mitigation and monitgrimas improved considerably in recent years with
the availability of GIS-based data collection toslsch as PAMGUARE® SEAPRO and PAM
Workstatior™, LOGGER®? and WILD"? Further information for these PAM tools has besgently
summarised in a report by the ACCOBAMS/ASCOBANShjaioise working group (Table 18}
Most PAM systems still require human operators ¢eeas incoming sounds although automated
detection systems are becoming increasingly vifillsome specié¥. However PAM does have a
number of limitation§®**", although some of these can be addrés&especifically PAM is unable
to:

» Accurately measure animal abundance as passivestezogannot independently verify the
number of animals from which vocalisations orig;aeveral techniques have been used by
field-based researchers to accommodate for this;

» Identify to the species level in some cases — éalhetor odontocetes. This can be overcome
by collecting simultaneous visual observations;

» Determine whether a lack of acoustic communicai®rassociated with the absence of
animals that might otherwise be vocalising. Visabbkervers can confirm the presence of
marine mammals in favourable conditions. At nightroadverse weather conditions, marine
mammal presence may be detected by thermal imagibigws-*°,

In addition, subtle variations in marine mammalretsiproduced between different populations of the
same species can reduce the accuracy of autometesetidn systeni&. The orientation of the sound-
producing animal in relation to the PAM system adso influence the levels received and therefore
the estimated distance to the anitffalAlthough there are issues with using PAM the tedbgy is
developing rapidly and becoming a more efficieint for mitigation.

The correct use of PAM is important so that acowdtitection is as accurate and effective as pessibl
In the past there has been a lack of guidance Advl Emplementation and a lack of training

150 PAMGUARD. 2006. PAMGUARD: Open-sourced software iassive acoustic monitoring.
www.pamguard.org
151 http://www-3.unipv.it/cibra/seapro.html
152 |International Fund for Animal Welfare (IFAW). 2000ogger: Field data logging software (Version 2000
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153 D’Amico, A., Kyburg, C. and Carlson, R. 2010. Swdre tools for visual and acoustic real-time tragkof
marine mammals. The Journal of the Acoustical $padt&America, 128 (4), 237.
154 Maglio, A. 201?. Anthropogenic noise and marinemmals. Review of the effort in addressing the intpac
of anthropogenic underwater noise in the ACCOBAMSI sASCOBANS areas. Prepared for the Joint
ACCOBAMS-ASCOBANS noise working group. Sinay, CaErance.
155 Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWEF International, Gland, Switnedl
16 Bingham, G. 2011. Status and applications of a@mumitigation and monitoring systems for marine
mammals: Workshop Proceedings; November 17-19, ,2B6Ston, Massachusetts. U.S. Dept. of the Interior
Bureau of Energy Management, Regulation, and Eefoent, Gulf of Mexico OCS Region, New Orleans, LA.
OCS Study BOEMRE 2011-002. 384 pp.
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programmes for its uS&. As PAM use becomes more widespread the develdpamehdelivery of
accredited training programmes across industry lehioe prioritised. However there are currently no
standard qualifications for PAM operatifs To be a certified PAM operator, candidates shbalde
sufficient experience of using PAM at sea, as tiger® substitute for field experierté& A minimum

of 20 weeks of PAM use at sea has been sugd&st@&@ktailed guidance on the qualifications,
training standards and conduct of PAM operators sIMIOs are available as a series of Marine
Mammal Observer Association (MMOA) position statens&®

The use of PAM to detect non-mammal marine faunquisstionable as vocalisations by fish and
invertebrates are quieter than those of marine masinSpecific PAM systems used in noise
mitigation procedures that can detect the preseffishes have not yet been develof3édithough

the lfgﬁsgf passive acoustics for fisheries momigpand assessment is an active and growing research
field .

Active acoustic monitoring (AAM) techniques are mapplicable for non-vocalising marine fauna
such as fish, turtles and invertebrates and alsada-vocalising marine mammals. However, AAM
systems can often only detect animals at closeyesmthan passive monitoring but is able to estimate
the range of targets more easily. The use of aetberistic systems will, however, add sound energy
to the marine environment which may have behavlogffacts on some taxa, particularly marine
mammals, and increase the occurrence of stressmaisting responses. The use of AAM is not
recommended for marine mammals, except in the o&smitigating single loud sounds such as
explosives where they can be used simultaneousinasdarming devi¢é’. The potential effects of
AAM on other marine taxa also need to be investigat

Real-time Automated Monitoring

Large-scale real-time passive monitoring of theingaacoustic environment can provide information
on both continuous and impulsive noise producti®nvell as detecting the presence and location of
vocalising marine taxa such as marine mammalstéhiag to the Deep Ocean Environment’ (LIDO)
is an international project that can monitor maramebient noise in real-time over large spatial and
temporal scalé§’. Acoustic information is collected at cabled deep platforms and moored stations
in multiple sites associated with national or regioobservatories. The software has several dedicat
modules for noise assessment, detection, cladsificand localisatiod? Data is processed to
produce outputs that can characterise an acowait as well as spectrograms for quick visualisatio

162 \Weir, C. R. and Dolman, S.J. 2007. Comparativderevof the regional marine mammal mitigation
guidelines implemented during industrial seismioveys, and guidance towards a worldwide standamarnal
of International Wildlife Law and Policy. 10: 1-27.
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and compressed audio. The outputs are publichlablaivia a websité® and can be viewed with a
specific application.

The main approach is to divide the recording badtwinto frequency bands that cover the acoustic
niche of most cetacean species and apply a settettdrs and classifiers. This information is then
used by localisation and tracking algorithms to itmrrihe presence and activity of cetaceans. This
acoustic detection, classification and localizat{@CL) system has the potential to be used as a
mitigation tool for some offshore noise generatigvities and has the advantages of being a fully
automated system that can operate in all condiffjsea state, day/night) with no specialist opesator
required.

4 Management Frameworks and International Agreemers

This section provides information on a range of agment frameworks currently in use or proposed
to manage underwater noise pollution. These indhdeise of spatio-temporal restrictions (STRs) to
protect marine fauna from noise pollution as p&d wider marine spatial planning approach and the
use of impact or risk assessment frameworks. Ttentgorogress made by various agreements at the
regional and international level (e.g. ACCOBAMS/ASBANS/CMS, OSPAR, HELCOM, EU
MSFD, IMO) to address underwater noise pollutioal&® be summarised.

Spatio-temporal restrictions, including marine pobtéd areas, are regarded as one of the most
effective ways of protecting cetaceans and thdiitaafrom the cumulative and synergistic effedts o
noise and other anthropogenic stres$6rS. Avoiding sound production when vulnerable marine
fishes or invertebrates are present has also beesmmended®. The use of spatio-temporal
restrictions (STRs) to protect marine mammals ahdraaxa from noise pollution and other stressors
has been strongly endorsed with the proposal ainaeptual framework for STR implementatitn
However, the size of marine areas to be proteatech fnoise is a major concern as sound can
propagate great distances in the marine environnespecially at low frequenci€d For example,

for intense mid-frequency sounds to be excludethfeveas tens of kilometres away from critical
cetacean habitats would require an STR of 100-k8@while protection from intense low frequency
sounds could require distances of hundreds of ldtoes and STR areas of at least 10 000 to 100 000
km*’%. The use of noise-based STRs as part of maringakpéanning frameworks requires that
managers have a certain level of background infoomafor the species of concern and their
preferred habitats for activities such as breedisgpawning or feeding. Information on the timing,
location, type and intensity of proposed noise gaivgy activities is also needed to evaluate thielle

of risk to marine fauna in the region if spatiatréctions are not permanent.
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Management Frameworks

Management frameworks for the marine environmentuge underwater noise management and
mitigation as part of a broader approach to coritrelimpacts of anthropogenic stressors on marine
biodiversity, often within an ecosystem-based man@nt approach. These frameworks include
marine spatial planning approaches and assessiofetits level of risk or impact for species. Risk
and impact assessments are also moving to estgreffiects on species at the population level rather
than the individual level.

A framework for the systematic prioritisation ofis® mitigation for cetaceans was developed and
proposed during the global scientific workshop pati®-temporal management of ndfSé¢Table 7).
The framework consists of six steps and draws heawi the general principles identified in the
conservation planning and adaptive managemenatited®. Although published in 2007 it is still
valid for use in noise mitigation today and consagome similar recommendations for mitigation
practises provided in recent publicatibisThe six step process could also be tailored tioosher
marine taxa such as vulnerable species of fistietar invertebrate.

Table 7: A Framework for systematic prioritisation of noise mitigation (for cetaceans)
(adapted from Agardy et al., 2007)

Step Notes

1%

Key requirements of the goal on which prioritisatioan be structured are:
clear geographic scope, a measurable conservatigetf the desired degree |of
confidence, and a measure of social opportunitjscos

1. Define the goal(s),
constraints and geograph
scope of the planning
process Crucial to the transparency of the project and $ielpgage all stakeholders

(g

Spatial information on species habitat distribusiothreats (e.g. areas pf
seismic exploration) and socio-economic informatiofe.g. current
jurisdictional boundaries). Sufficient data is setd available for all specie
and all social aspects)

[

2. Identify relevant data and

data gaps
Urgent data collection may be needed but usuakyepable to proceed wit
data that is available and use expertise and niogeth make decisions

-

3. Synthesise habitat and | 'dentify areas of overlap between biodiversity eaand threats to those values
threat data to generate | €-9- Threat maps may be species-specific or genéfeighting of particular
exposure ranking maps | SPecies of concern or interest can be applied.

Integrate exposure maps from 3. With spatial dateexisting opportunities
and impediments, opportunity costs and any otHevaat spatial information.

4. Generate map of Commonly associated with systematic conservati@mrphg algorithms that

mitigation priority areas | can be used to produce an ‘optimal’ solution éhg.rost effective protection
for a species or habitat for the least cost. Comemitprocesses (Delphi
methods) can be used instead of algorithms fordesplicated situations

Action prioritisation is necessary as conservathuwtgets are finite. Use |a

5. Identify and prioritise coherent and transparent approach with a respecietisation protocol tha
actions for priority incorporates the concepts of conservation bendégsibility and cost
conservation zones efficiency, to prioritise actions

Ensure that monitoring data is integrated back tiitodecision making process
6. Implement and monitor | to enable adaptive management. This requires gamddimation betwee
managers and scientists T

180 |bid

181 |bid

182 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacfs o
marine seismic surveys with an emphasis on margx@ammals. Aquatic Mammals 39: 356-377.
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Monitoring is central to the success of the ad&ppisioritisation framework

Design monitoring programme in advance to allow iwoimg prior to
implementation

In the United States a national pofitywas signed in 2010 to strengthen ocean governande
coordination, establish guiding principles for ateaanagement and adopt a flexible framework for
effective coastal and marine spatial planning (CMi®Rddress conservation, economic activity, user
conflict and sustainable use of the marine envireminin U.S. water§*. The National Ocean Policy
recommends the development of regional assessntleatsinclude descriptions of the existing
biological, chemical, physical and historic chagaistics; identification of sensitive habitats and
areas; identification of areas of human activitesalyses of ecosystem conditions, and assessments,
forecasts and modelling of cumulative imp&tts

To inform marine spatial planning and other proesssuch as environmental impact assessments,
several national-scale systems were developeddimgiOcean.Data.Gov and the NOAA CMSP Data
Registry. The Ocean.Data.Gov system is dedicatembastal and marine scientific data and aims to
build capacity in the development of spatial datata standards, mapping products and decision
support tools. These information platforms feed iINOAA’s Integrated Ecosystem Assessment
(IEA) framework which is regarded as a promisingrapch to ecosystem-based management and a
leading example of a comprehensive ecosystem-tessmssmetf. The IEA framework consists of
five components: 1. Scoping, 2. ldentifying indarat and reference levels, 3. Performing risk
analyses, 4. Evaluating management strategiesZaridpnitoring and evaluating progress towards
management goals. The framework has been widelyeimgnted in U.S. watef¥ and also in the
North Se&®,

Undertaking risk or impact assessments is a key phrecosystem-based management and
conservation planning. Quantitative risk assessntectiniques that could be applicable for the
assessment of underwater noise effects in combmatiith other impacts include the use of
population viability analysis (PVA). This technigisecommonly used to quantify the probability that
a species will decline to an unacceptably low papoih size within a particular timefraffé To date
PVA has not been widely used to assess noise is@enxt the viability of populations of marine
fauna under a range of management scenarios.

A framework to assess risk to indicator speciesoiastal ecosystems has been tested in Puget Sound,
WA, USA™®. The framework can identify land- or sea-basedlitiets that pose the greatest risk to
key species of marine ecosystems, including mariaenmals, fishes and invertebrates. Ecosystem-
based risk is scored according to two main factties:exposure of a population to an activity arel th
sensitivity of the population to that activity, giva particular level of exposure. The framework is
scalable, transparent and repeatable and can gk taséacilitate the implementation of EBM,

183 National Policy for the Stewardship of the Ocedsasts and Great Lakes.

184 National Ocean and Atmospheric Administration. 20Mapping Cetaceans and Sound: Modern Tools for
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188 |nternational Council for the Exploration of thea 2011. Report of the working group on integrated
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189 Burgman, M.A., Ferson, S. and Akcakaya, H.R. 1898k assessment in conservation biology. Chapman
and Hall, London.
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including integrated ecosystem assessments and kaasdtanarine spatial plannifig. In the Puget
Sound case study the combined effects of four humamitaesti— coastal development, industry,
fishing and residential land use — were assessed ¥en dadicator species: two marine mammals,
four fish and one invertebrate. The framework ofi@nsgorous yet straightforward way to describe
how the exposure of marine species to human streisgeracts with their potential to respond under
current and future management scenatfo¥he applicability of this framework to assess the risk of
noise effects for marine species requires consideration.

A risk assessment framework specifically addressing mwader noise impacts for marine mammals

is also availabf@® and could be adapted for other marine taxa. The framkesomsists of a four-step
analytical process: 1. Hazard Identification, 2. Dasponse assessment, 3. Exposure assessment,
and 4. Risk characterisation. A fifth step, risk managemavolves the design and application of
mitigation measures to reduce, eliminate or rectify H8k#é decision flow and information pathway

for the framework is presented in Figure 3. The decipathway contains a feedback loop involving
mitigation when the risk exceeds the trigger level indicpthat an adaptive approach to managing
risk is taken.

lllustration of the information flow and decisipathway for a risk assessment
process (Boyd et al., 2008).

Figure 3.
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A current best practise example of an assessment\irarkdgo explore the long-term impact of a
noise generating activity on a marine mammal has recbatin published”. In this case it is the
impact of pile-driving from wind farm construction on arbour seal population within a Special
Area of Conservation (SAC) under the EC Habitats Direc®ypatial patterns of seal distribution and
received noise levels were integrated with availalla @n the potential impacts of noise to predict
the number of individuals that would be displaced oredgmce auditory injury. Then expert
judgement was used to link these impacts to changestah reies (fecundity and survival) and
applied to population models that compare populatibanges under baseline and construction
scenarios over a 25 year pefiSdA schematic of the approach taken is providedvo¢Rigure 4):

Figure 4. Schematic of the approach used to assessphet of wind farm construction on the
harbour seal in a Special Area of Conservation (SAC) with Favourable
Conservation Status (FCS). (after Thompson et al., 2013)
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The framework can be used to provide preliminary guidaon how developers should assess the
population consequences of acoustic disturbance fronstremtion activities in the marine
environment. There was considerable uncertainty for quamis of the analysis, particularly for the
number of animals that were displaced from the arexjperienced Permanent Threshold Shift (PTS)
and how this affected individual fitné8s The latter was completely dependent on expert judgeme
It was deemed most appropriate to use expert judgeméme ishort-term for certain parameters, but
in the long-term use of the Population Consequencésaistic Disturbance (PCAD) framewdrk

is recommended as more information becomes availablemacertainty is reduced. Development of
the framework relied heavily on the availability of detdiieformation on harbour seal populations in
the locality which also makes the case study a suitablerapyty to develop detailed PCAD studies
in the futuré®.

The modelling framework could also suitable for use therwless studied harbour seal populations,
although it may be necessary to ‘borrow’ data such aesnfiity estimates from better studied

populations or possibly other seal spefedt is important to recognise that, due to the level of
uncertainty and the use of conservative estimates for sodnddual parameters, this assessment
framework is assessing worst-case impacts. Conservatisumulates through the framework leading
to more significant short-term impacts than is thoughtetdikely’®’. However, the framework does

offer an alternative interim approach that can providelleégrs with confidence that proposed

developments will not significantly affect the long-termepity of marine mammal populations, in

this case the harbour seal.

The use of mitigation and management frameworks dwerwhole lifetime of a proposed noise
generating activity has been highlighted in Section 1.

Regional and International Agreements

This section provides a brief overview of the curreogpess regarding the regulation, mitigation and
management of underwater noise governed by regionahterdational agreements.

CMS/ASCOBANS/ACCOBAMS — Joint Noise Working Group

The Joint CMS/ASCOBANS/ACCOBAMS Noise Working Group (10MWG) consists of members
and observers of the scientific and advisory bodieh@fQGonvention on Migratory Species (CMS),
the Agreement on the Conservation of Cetaceans &@l#uk Sea. Mediterranean Sea and Contiguous
Atlantic Area (ACCOBAMS) and Agreement on the Conseéovaof Small Cetaceans of the Baltic,
North East Atlantic, Irish and North Seas (ASCOBANS). Exdeexperts also patrticipate in the Joint
NWG to ensure the best possible advice can be genéoatedrties.

The Joint NWG presents reports on progress and newniafion to each meeting of the CMS
Scientific Council, ACCOBAMS Scientific Committee and ASCOBANSvisory Committee. It
addresses the mandates of relevant resolutions for al thiganisations including CMS Res 9.19,
CMS Res. 10.24, ACCOBAMS Res 3.10, ACCOBAMS Res.74ASCOBANS Res. 6.2 and
ASCOBANS Res 7.2 and any new relevant resolutiongetgbassed.

In 2013 the Joint NWG produced three main reports tesepterecent activities of its work
programme:

1. Anthropogenic noise and marine mammals. Review ofeffaat in addressing the impact of
underwater noise in the European Union
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This document presents reviews of the political effonnfiaternational bodies (resolutions, regional
agreements etc.), existing guidelines from these bodgggrementation by countries, and existing
mitigation technologies. Future actions to strengtheretfeetiveness of mitigation measures are also
provided.

2. Implementation of underwater noise mitigation measures ifgustries: operational and
economical constraints

This is a report on consultations with industries anlitary authorities within the French Maritime
Cluster which involved discussions on five main topicsringarenewable energies, sonar and
seismic, marine traffic and dredging, fisheries, ardine protected areas. The consultations provided
a better understanding of the mitigation proceduresatteaactually implemented and which measures
have technical and economic constraints.

3. Guidance on Underwater Noise Mitigation Measures

A working document that provides guidance to industries @untry authorities for the application
of noise mitigation measures. It outlines noise mitigapoactises and technologies that should be
used for dealing with major sources of impulsive noisaestified by the European Commission’s
Technical Subgroup on underwater noise (TSG Ndfse)

The Joint NWG has recently been addressing the devetdprhguidance for the whole duration of
impulsive noise generating operations (pre-operation stegesg and planning, implementation and
post-operation evaluation) with an emphasis on seisnmiggs and the need for a more rigorous
assessment stage as part of EIAs or SEASs.

OSPAR

The Convention for the Protection of the Marine Envirentrof the North-East Atlantic (the OSPAR
Convention) has set up an Intersessional Correspoaed8noup on Noise (ICG Noise) under the
OSPAR Committee of the Environmental Impact of Human A@w (EIHA). The ICG Noise
initially focussed on the monitoring of impulsive and @mb noise but also on primary and
secondary noise mitigation measures. For the latterrtheods currently developing an inventory of
noise mitigation measures with priority given to pile driviggismic activities and explosions. Other
sources and activities that will be considered withinitiventory are high frequency impulsive noise
from echosounders, dredging activities, sonar andpsigp The inventory will provide an overview
of the effectiveness and feasibility of mitigation opti@msl help to support OSPAR EU member
states in establishing programmes of measures in relatianderwater noise under the European
Marine Strategy Framework Directive (MSFD).

OSPAR recently had a meeting of the Intersessional Comdspoe Group on Underwater Noise in
Gothenburg, Sweden, on 29-30 January 2014 where tiotigaas on the agenda. A draft document
on mitigation of pile driving noise was presented andudised, which will be part of the OSPAR
Inventory of noise mitigation strategies. The draft inwen of noise mitigation measures for pile
driving is based upon a longer report compiled by Gei°. Outcomes of the meeting will be made
available on the OSPAR webgite Work on other areas of noise mitigation to be incluhethe
inventory is being developed in 2014.

HELCOM

The Convention on the Protection of the Marine Enviramna the Baltic Sea Area (Helsinki
Convention or HELCOM) stipulates (under Regulation 2 oh&nVI) that parties must use the best
available technology and best environmental practise égept and eliminate pollution, including
noise, from offshore activities.

202\/an der Graaf, S. et al. 2012. European Marinat&gy Framework Directive — Good Environmental Btat
gMSFD GES): Report of the Technical Subgroup on&mater Noise and other forms of energy.

93 Koschinski, S. and Ludemann, K. 2013. Developn#ntoise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fur Naturschutz (BfN). 97 pp.

204 http://www.ospar.org/v_meetings
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At the HELCOM Ministerial Meeting in Moscow in 2010, tharpes agreed to “develop common
methodologies and appropriate indicators, to facilitateomat and coordinated monitoring of noise
and identification of sources of noise and to further stigate the potential harmful impacts to

wildlife from noise®%,

In its capacity as the coordinating platform for theioegl implementation of the EU MSFD in the
Baltic Sea for those Contracting Parties that are also EUbersmHELCOM initiated work to

develop HELCOM core indicators which are harmonizedhwilSFD Descriptors under the
HELCOM-CORESET project.

In October 2013, at the HELCOM Ministerial Meeting ing@nhagef?® the parties agreed that “the
level of ambient and distribution of impulsive sounds ia Baltic Sea should not have negative
impact on marine life and that human activities that aresassl to result in negative impacts on
marine life should be carried out only if relevant mitigatio@asures are in place, and accordingly as
soon as possible and by the end of 2016, using malirdgdy on-going activities, to:

» Establish a set of indicators including technical standardshwhay be used for monitoring
ambient and impulsive underwater noise in the Baltic Sea;

« Encourage research on the cause and effects of uaigemoise on biota;
* map the levels of ambient underwater noise acrosBdlie Sea;
» Set up aregister of the occurrence of impulsive squnds

» Consider regular monitoring on ambient and impulsiveenndter noise as well as possible
options for mitigation measures related to noise taking @uicount the on-going work in
IMO on non-mandatory draft guidelines for reducing umdger noise from commercial
ships and in CBD context.”

At the meeting of the HELCOM Monitoring and Assessmerduprin November 2013, the parties
shared information about their national activities andegte dealing with underwater noise. There
was discussion about how to carry out further regiamak on development of an underwater noise
indicator and monitoring and it was agreed that as a fiegt for establishing a foundation for
monitoring of noise, HELCOM should make use of thécomes of the Baltic Sea Information on
Acoustic Soundscape project (BIAS), in which several HBMC countries are involved. An
intersessional activity has been initiated with the view thatet will be a thematic session on
underwater noise (based on preparations by and nmdterathe intersessional activity) at the next
meeting of the HELCOM Monitoring and Assessment Grdopb€ held in Oslo, Norway on 8-10
April 2014).

BIAS is an EU LIFE+ funded project with the ultimate goal seecure that the introduction of
underwater noise is at levels that do not adverselytaffie marine environment of the Baltic Sea.
BIAS will work towards this goal by bridging the gap ween the MSFD descriptor 11 and actual
management of human-induced underwater noise. Objsafithe project include:

» Demonstration of national and regional advantages of asrational approach for
management of underwater noise

* Initial assessment of underwater noise in the Baltic Sea

* Implementation of a planning tool for straightforwardmagement of intermittent underwater
noise sources

« Establishment of draft Baltic Sea standards and toolsémagement of underwater noise

Underwater noise is regarded as a priority on the HELCf®hda although the work is still at an
early stage.

205 HELCOM 2010 Moscow Ministerial Declaration
208 HE|L COM Copenhagen Ministerial Declaration
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EU MSFD

There have been several pieces of relevant workumbed in the context of the EU Marine Strategy
Framework Directive (Dir. 2008/56/EC):

1. Monitoring guidance for underwater noise in European Séasember 2013}’

This document provides guidance on how to monitor liogoulsive noise and ambient noise on a
(sub-) regional basis in European waters. In the B&#ga, the EU-sponsored project BIAS is
analysing this approach further. The report consists reetiparts: Part 1, Executive summary and
Recommendations; Part 2, Monitoring Guidance Specificgtmms Part 3, Background Information

and Annexes.

The monitoring guidance for impulsive noise providewitieon the requirements to meet EU MSFD
indicator 11.1.1 to determine the spatio-temporal distobuf loud, low and mid frequency
impulsive sounds. This involves setting up a register ofdbaurrence of impulsive sounds to
establish the current level and trends at a Regional 8ela Téne indicator is designed to address the
cumulative impact of sound generating activities and plessigsociated displacement that is
‘considerable®® and may lead to population effects. All sources tate the potential to cause a
significant population level effect are to be includedhia tegister, including explosives and military
activities. A series of minimum thresholds were derif@deach of the sound generating activities
over which the sound emission must be recorded indbister (except for pile driving where all
activities are recorded). The register will provide memdtates with a quantified assessment of the
spatial and temporal distribution of impulsive noise sesirthroughout the year in regional seas. This
will enable States to establish baselines for currentdeagd then use the register to help manage
impulsive noise levels, assist in marine spatial planning andatigh requirements to minimise
displacement.

The monitoring of ambient noise is covered by indicdtbr2.1 which requires the monitoring of

trends in ambient noise in two 1/3 octave bands centré@ and 125 Hz. Levels and trends will be
derived from a combined use of measurements, moddls@amd maps to enable cost-effective and
reliable trend estimation. Guidance is also provided to Imeerstates on monitoring strategy and for
the reporting of results.

2. Report of the Technical Subgroup on Underwater Noiseotimel forms of energy (February
2012y

This is the report of an expert group (TSG Noise) estadigo help EU Member States implement
relevant indicators determined by Commission Decision0O207/EU. The Group focussed on
clarifying the purpose, use and limitation of these indisaémd on the description of a methodology
that would be unambiguous, effective and practicable.

3. Report on Underwater noise and other forms of energyil(2010Y*°

This document takes stock of the (limited) knowledge be éffects of underwater energy,
particularly noise, and especially at any scale greasen the individual/group level. The report
contains much scientific background information andsuagestions for possible indicators for noise,
as well as on the assessment of the effects of elempyuetic fields and heat on the marine
environment.

207 Monitoring Guidance for Underwater Noise in EurapeSeas — Executive Summary® Report of the
Technical Subgroup on Underwater Noise (TSG Ndika)ember 2013

208 pisplacement of a significant proportion of indiuls for a relevant period and at a relevant apstiale
209v/an der Graaf, S. et al. 2012. European Marinat&gy Framework Directive — Good Environmental &tat
gMSFD GES): Report of the Technical Subgroup oné&mater Noise and other forms of energy

10 Tasker, M.L, M. Amundin, M. Andre, A. Hawkins, Wang, T. Merck, A. Scholik-Schlomer, J. Teilmann,
F. Thomsen, S. Werner & M. Zakharia. Marine Stratégamework Directive. Task Group 11. Report
Underwater noise and other forms of energy.
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Relevant work also emerges from the context of EU ewaien law, in particular the Habitats
Directive (Dir. 92/43/EEC). In this context, Guidelines the establishment of the Natura 2000
network in the marine environment have been develagech, inter alia, address the issue of noise
pollution (pp. 94-96) in relation to provisions in Artislé and 12 of the Directive.

There are also several on-going EU-funded reseamgjeqts that are addressing issues relevant to
underwater noise:

+ Baltic Sea Information on the Acoustic Soundscape (BIAS)

* Environmental Impact of Noise, Vibrations and ElectronedignEmissions from Marine
Renewables (MaRVENR)***

* Impacts of noise and use of propagation models tdigiréhe recipient side of noise. This
study was commissioned by DG Environment and restlbsild become available in the
second half of 2074*

* In the Science for Environment Policy series, the Comomssecently published an issue on
underwater noise which takes stock of relevantare$g”.

IMO

In 2008 following a submission on ‘the development ohimandatory technical guidelines to
minimize the introduction of incidental noise from commarahipping operations into the marine
environment to reduce potential adverse impacts on mdifeieto the Marine Environment
Protection Committee (MEPC) of the International Maritimgdisation (IMO) it was suggested
that the issues should be discussed by the IMO. Giken suggestion, the MEPC agreed to
commence the work programme on “Noise from commesthghping and its adverse impacts on
marine life” and to establish an intersessional corred@oce group with a view to identifying and
addressing ways to minimize the introduction of incidenbise into the marine environment from
commercial shipping to reduce the potential adverse impacharine life. More in particular, the
MEPC agreed to develop voluntary technical guidelines faretonoise technologies as well as
potential navigation and operational practices.

After thorough discussions at the MEPC over four yeass,giidelines, i.e. “Guidelines for the
reduction of underwater noise from commercial shippingére almost finalised in 2013. It is
expected that the draft will be adopted at the next MBREh will be held in late March or April
2014.

21 http://biasproject.wordpress.com/

22http://www. dhigroup.com/News/2014/01/15/DHILedCornaomWinsFlagshipEuropeanProjectOnUnderwate
rNoise.aspxshort description)

213 hitp://cordis.europa.eu/projects/%0bhome_en.fjp@hding)

2% http://ec.europa.eu/environment/marine/

215 hitp:/lec.europa.eu/environment/integration/redgamnsalert/pdf/FB7.pdf
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5. Setting Standards and Guidelines at the Nationdlinternational level

This section provides information on the current stafusfforts to set global standards (ISO) for
acoustic measurements of anthropogenic noise in thimenenvironment. The need for standards,
limits and guidelines for a range of noise-related @doces that concern the marine environment is
also highlighted. These include the setting of internati@tahdards for environmental impact
assessments (EIAs) and for mitigation procedures ut@ertdy Government and/or Industry
regarding noise generating activities such as seismigeys or naval sonar. International
harmonisation of ways to define underwater noise expasiteria is also included.

National and International Standards

The development of standards for the measuremenassessment of underwater noise only began
quite recently. Previously measurements were made bymdberuof organisations using different
techniques and with different methods of extrapolatimigtermine the source lef8l In 2009 a
voluntary consensus standard for the measurementdeiwater noise from ships was developed by
the American National Standards Institute (ANSI) and theustical Society of America (ASA). The
standard describes measurement procedures and datsisangethods to quantify the underwater
radiated noise level from a vessel referenced to a tisadalistance of 1m. Three different standards
are specified according to the level of precision needed.

In December 2011 The International Standards Organi&t{t80) Technical Management Board
established a new subcommittee: TC 43/SC 3, underwatmsstizs. The Secretariat of the
subcommittee is provided by the ASA acting on behalf ofANSI. The scope of the subcommittee
is:

‘Standardization in the field of underwater acousti¢including natural, biological, and
anthropogenic sound), including methods of measentmand assessment of the generation,
propagation and reception of underwater sound asdeéflection and scattering in the underwater
environment including the seabed, sea surface antbdical organisms, and also including all
aspects of the effects of underwater sound onrilerwater environment, humans and aquatic life’.

ISO standards are of a voluntary nature for use bysinglas appropriate, and developed based on the
demand of industry. The ISO underwater acoustics snbittee contains three working groups
(WG) that are predominantly working on the followindpmcts:

WG1 Measurement of noise from ships
WG2 Underwater acoustic terminology
WG3 Measurement of radiated noise from marine pile dgivin

Under a separate subcommittee 1SO TC8/SC2, Marine Emuint Protection, the standard ISO
16554 — Ship and marine technology — Measurement aondirepof underwater sound radiated from
merchant ships — deep-water measurement, was publist&d 3. The standard provides shipyards,
ship owners and ship surveyors with an easy to usaemhdically sound measurement method for
underwater sound radiated from merchant ships foratsthe final delivery stage of ships. The
measurement method should be carried out in a sheatidn (within a few hours) possibly during

the official sea trial of the target ship after the chatipn of construction and before delivery.

Classification societies may issue a notation on theruader sound level radiated from the ship
under survey using the measurement results conduatedding to 1ISO 16554.

A ‘sister’ standard, ISO 16554-2 Ship and marine teadwol- Measurement and reporting of
underwater sound radiated from merchant ships —osthallater measurement, is currently under
development.

218 | eaper, R. and Renilson, M. 2012. A review of ficat methods for reducing underwater noise pahuti
from large commercial vessels. International Jourredd Maritime Engineering 154: A79-A88.
d0i:10.3940/rina.ijme.2012.a2.2277
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The ISO underwater acoustics subcommittee has also geddioe standard ISO/PAS 17208-1:2012,
Acoustics — Quantities and procedures for descriptiahraaasurement of underwater sound from
ships — Part 1: General requirements for measuremedéemwater

ISO/PAS 17208-1:2012 describes the general measurenstéamnsy procedures and methodologies to
be used to measure underwater sound pressure lem@lsHiips at a prescribed operating condition. It
presents a methodology for the reporting of one-thatdhv@ band sound pressure levels. The
resulting quantities are the sound pressure levels noedaliz a distance of 1 m. The underwater
sound pressure level measurements are performed getimeetric far field and then adjusted to the 1
m normalized distance for use in comparison with appatgpunderwater noise criteria.

Other standards that are under the direct responsibilithe acoustics subcommittee are 1ISO/CD
18405, Underwater acoustics — Terminology and ISO/CDO0@884Underwater acoustics —
Measurement of radiated noise from marine impact pilirdyi Both standards are currently at the
committee stage.

A number of other subjects have been discussed bycthestics subcommittee including a standard
for measuring ambient noise, measurement standardexfosions or air gun pulses, and other
potential future work items including the measurement rdenwater sound from active sonars,
underwater sound propagation modelling, measureofahte underwater sound field and underwater
noise mapping.

Work on the development of acoustic standards is lzésng carried out in Europe with a focus on
acoustic monitoring in relation to the environmental impégftshore wind farms in the North Sea.
European countries that border this sea are collabortirdevelop standards and definitions of
quantities and units related to underwater sélin@ihese metrics were then used for the development
of standardised measurement and reporting procedairesd specifically at acquiring the relevant
acoustic data for assessing the impact of the construci@nation and decommissioning of offshore
wind farms on marine lifé®

Setting other forms of standards for the mitigation and gemant of underwater noise have been
proposed. These include the:

« Mandatory use of comprehensive Environmental ImpassessmentS (or Strategic
Environmental Assessments) for any proposed impulsiise generating activity in the
marine environment;

o Setting of measurement standards for particle motiorsoohd in the near field, and of
ground transmission of soufij

« Standardisation of the design of behavioural data collettionake results comparaffe

« Standardisation of monitoring data formats to improve datdity and robustness for use in
research and evaluatf3h

27 Anon. 2011. Ainslie, M.A. (ed.). The Hague: TNGpoet TNO-DV 2011 C235. Standard for measurement
and monitoring of underwater noise, Part |: Phy<@aantities and their units. 67 pp.

218 de Jong, C.A.F., et al. 2011. The Hague: TNO mtephO-DV 2011 C251. Standard for measurement and
monitoring of underwater noise, Part Il: Proceddoesmeasuring underwater noise in connection wffshore
wind farm licensing. 56 pp.

29 prideaux, G. and Prideaux, M. 2013. Seismic Seaderstanding the impact of offshore seismic petnai
exploration surveys on marine species. Wild Mignatitechnical and policy review #3. Wild Migration,
Australia.

220 | ucke, K. et al. 2013. Report of the Workshop atetnational Harmonisation of Approaches to Define
Underwater Noise Exposure Criteria. Budapest, Hongaugust 2013. IMARES —Institute for Marine
Resources and Ecosystem Studies. Report No. C197.13

221 pid.

222 |pid.
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» Generic standardisation of the main phases of impulsiis&e ngenerating activities — pre-
operation planning and assessment, implementation and tioitigpost-operation evaluation
and reporting;

» International standardisation of mitigation procedures aedsnres for naval exercises using
active sonar®

« Use of training standards for operational activities ElMOs or PAM operatofs*
« Setting of regional standards for cumulative noise mappidgrarine spatial plannifig;

» Uptake of transparency and accountability standardsoilse generating operators to ensure
best practised is followed and information that is not cenaially sensitive is made available
to inform managemettf;

» Setting of data sharing standards for online data bankacofistic, environmental and
ecological informatioff’.

Conclusions and Recommendations

Considerable progress has been made in the last decadggte the effects of underwater noise
produced by industry, particularly for seismic surveyd affshore construction techniques such as
pile driving. Detailed mitigation measures and procesiurave been developed for use by these
industries, which are on the whole designed for marinenmals. Particular examples of best practise
are the mitigation and monitoring plans and procedumetemented to protect Gray whales from the
effects of seismic surve§® and the use of mandatory exposure levels for piléngdrin Germany
which catalysed the production of new mitigation tedbgies by the offshore energy industfy

However, although best practise exists it is oftenrmamdatory and not used to a standard level by
industry or the military. For example, although mitiga measures for active sonar are taken during
non-strategic exercises by navies, in some cases.geasures apart from MMO and PAM protocols
are taken in strategic exerci§¥sThe debate between national security needs versusetfaavand
security of vulnerable marine fauna continues. Tl need for a minimum level of mitigation by
navies on all military exercises that can be verified bgpethdent observers.

Noise exposure thresholds and management measarbsginning to move away from a reliance on
received level (RL) thresholds to a broader ecosystesi-Bssessment of the cumulative impacts of

222 Dolman, S. J., Weir, C.R., and Jasny, M. 2009. pamative review of marine mammal guidance
implemented during naval exercises. Marine PoltuBalletin 58 pp. 465-477

24 Gill, A. et al. 2012. Marine Mammal Observer Asstion: Position Statements. The key issues thaiilsh
be addressed when developing mitigation plans wwmise the effects of anthropogenic sound on speaie
concern. Version 1 (Consultation document). 32Nt@ine Mammal Observer Association, London, U.K.

225 | ucke, K. et al. 2013. Report of the Workshop aretnational Harmonisation of Approaches to Define
Underwater Noise Exposure Criteria. Budapest, Hongaugust 2013. IMARES —Institute for Marine
Resources and Ecosystem Studies. Report No. C197.13

226 prideaux, G. and Prideaux, M. 2013. Seismic Sdaderstanding the impact of offshore seismic petnoi
exploration surveys on marine species. Wild Mignatitechnical and policy review #3. Wild Migration,
Australia.

227 ucke, K. et al. 2013. Report of the Workshop atetnational Harmonisation of Approaches to Define
Underwater Noise Exposure Criteria. Budapest, Hongaugust 2013. IMARES —Institute for Marine
Resources and Ecosystem Studies. Report No. C197.13

228 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacts o
marine seismic surveys with an emphasis on margx@mals. Aquatic Mammals 39: 356-377.

229 Koschinski, S. and Liidemann, K. 2013. Developn#ntoise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fir Naturschutz (BfN). 97 pp

230 Maglio, A. 201?. Implementation of underwater eoimitigation measures by industries: operationa an
economic constraints. Prepared for the Joint ACCORBAASCOBANS noise working group. Sinay, Caen,
France.
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both multiple impulsive noise sources and increaseds@feambient noise. However, at the present
time most mitigation measures are not very effectiveedtucing the aggregate impact of underwater
noise on marine mammal§ let alone on other marine taxa. Further developmem¢asfniques to
assess cumulative impacts of underwater noise is recanickthis ‘overall noise impact’ also needs to
be considered alongside other multiple stressors affeotarine taxa.

There have been some advances made in considemngdise affects animal behaviour and whether
a proposed noise generating activity will have an impactgopulation. Researchers, working
together with regulators and industry are developing t&sting new monitoring and mitigation
practises that take into consideration some of the mowwb behavioural effects on marine
mammals such as displacenféntThese assessment frameworks are still at a relatbssly stage
and have to rely on a number of assumptions to deterbehavioural effects as there is often
insufficient data available for populations to use mouantjtative techniques. Considerable data
gathering is needed, particularly for the measurénaeml recognition of behavioural effects on
marine taxa and the determination of noise impacts ghdpalation level. In particular a far greater
understanding of the more subtle behavioural effects ¢@mmunication masking, stress responses,
cognitive bias, fear conditioning, and attention andraision) on marine taxa and how these
influence populations is needéld Such knowledge can then feed into the developmemhmfoved
mitigation practises to minimise or prevent chronic impantmarine fauna at the population level.

Improvements in technology and processing capacity Baabled substantial advances in real-time
mitigation and monitoring procedures for impulsive noiseegating activities, mainly for marine
mammals although this has also highlighted the need ficut@is planning and implementation of
mitigation practises facilitated by clear and practical comioations protocols. Mapping tools to
show acoustic characteristics of a particular area qorience and distribution of species of concern
are becoming more available to assist in marine spatialipaamd the development of mitigation
frameworks.

Spatio-temporal management of underwater noise at tiengd level should focus on eliminating
harmful levels of anthropogenic sound from locatiand times that are critically important to marine
fauna such as feeding, spawning and nursery grodhdsnoise generating activity is permitted
within range of a sensitive area then mitigation practigethe highest standad are required to
ensure disturbance to the species of concern is pezl’enkept to an acceptable level.

For many of the advances highlighted above for impgnoise mitigation there has been an ongoing
focus on a limited number of marine taxa, notably mami@enmals and particularly cetaceans. This
can be justified to a certain extent given their often emglble conservation status and high

sensitivity. However, other taxa such as marine fishgsjlese and many invertebrate groups all

require much greater attention in terms of fundamensaareh on noise effects on individuals and
populations and the development of specific mitigation measand procedures for non-mammal

marine fauna. This is especially required for keystomeisp within marine ecosystems and for those
that significantly contribute to providing ecosystem sa&widdentifying key species that are sensitive
and vulnerable to underwater noise and developist fractise to mitigate the impacts of noise for
these taxa should be prioritised. Noise impacts onmammal marine fauna are beginning to receive
greater attention in terms of research and general m#imoyg but at the present time there are still

more questions than answars

21 Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWF International, Gland, Switzedl

232 Thompson, P.M. et al., 2013. Framework for asagssie impacts of pile-driving noise from offshevnd

farm construction on a harbour seal population.iBmmental Impact Assessment Review 43: 73-85.

233 \Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWF International, Gland, Switzadl

234 Nowacek, D. et al., 2013. Responsible practisesrfimimizing and monitoring environmental impacfs o
marine seismic surveys with an emphasis on maresx@mals. Aquatic Mammals 39: 356-377

235 Normandeau Associates Inc. 2012. Effects of noiséish, fisheries, and invertebrates in the U.8amtic

and Arctic from energy industry sound generatingivdies. Literature Synthesis. Prepared for theS.U.
Department of the Interior, Bureau of Ocean Endvigmagement
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The development of internationally accepted standarddhirmeasurement of underwater noise
produced by anthropogenic activities started relativedently. Although progress is quite slow it is
being made and should be encouraged. A range afa@mwill be required to cover noise emissions
for the various anthropogenic activities in the marimarenment.

A recent review of noise mitigation for cetaceans [gtes a range of recommendations for both the
main activities that produce unwanted sound emissiodsf@nregulatory bodies responsible for
managing the marine environméfit These are summarised in Table 8 and their applitatliother
marine taxa is also highlighted. Numerous recommendatiens also made in a recent report by the
ACCOBAMS / ASCOBANS joint noise working grotij and these have also been incorporated into
Table 8.

The recommendations include specific mitigation meadorethe main noise generating activities in
the marine environment, acoustic and biological rebegrwrities and measures to improve the
sharing of information to facilitate best practise for miiiga planning and implementation. The vast
majority of the recommendations are applicable to ma@dma other than mammals. However in
some cases there is insufficient knowledge to effegtiveplement a particular measure even though
it is likely to reduce noise levels for species of imarfish or invertebrates. Further research is
required to determine acceptable levels for many-mammal species for both impulsive and
continuous noise.

More long-term strategic recommendations have also ttgdeeen made regarding underwater noise
mitigatiorf®, Firstly, ways should be found to address and rethueainderlying demand for noise
producing activities so that their occurrence can dzkiced as much as possible. This involves
reducing the need for oil, shipping and (where possitulijary sonar, through improved energy
efficiency and the development and increased useerhative technology.

Secondly, that increasingly strict noise level standasdslf noise producing activities are phased in
by regulatory bodies in order to drive innovation touelnoise at the source. This has been evident
in Germany where mandatory noise exposure standardsiifa farm installation have fuelled
technical innovation and the development of mitigation rigpies to meet the stand&d Setting
lower noise level standards will help to address belieal and other non-injurious effects of noise
on marine fauna both in proximity to acute sources aatl greater distances.

236 Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWF International, Gland, Switzsall

%37 Maglio, A. 201?. Anthropogenic noise and marinemals. Review of the effort in addressing the intpac
of anthropogenic underwater noise in the ACCOBAMSI sAASCOBANS areas. Prepared for the Joint
ACCOBAMS-ASCOBANS noise working group. Sinay, CaErance.

238 \Wright, A.J. 2014. Reducing impacts of human oceaise on cetaceans: Knowledge gap analysis and
recommendations. WWF International, Gland, Switzsall

239 Koschinski, S. and Lidemann, K. 2013. Developn#ntoise mitigation measures in offshore wind farm
construction. Federal Agency for Nature ConservatiBundesamdt fiir Naturschutz (BfN). 97 pp
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Table 8. Recommendations to improve the mitigationrmaadagement of underwater noise for marine mammalsalbol relevant for other marine

taxa (adapted from Wright, 2014; Sinay, 2017?).
Domain Recommendation / Action Applicable to Non-
Mammal taxa?

Implement proactive area-based management efftrésansufficient data is available (e.g. time-aleawes, MPA establishment) Yes
Include environmental considerations at the verlyestages of project planning Yes
Prioritise the collection of necessary biologicatadto support area-based determinations in ddicietd regions. Yes
Noise generating activities in data-deficient ar@asto be undertaken with extreme caution Yes
Implement buffer zones around established protesteals to ensure noise levels with these areastdgorbeyond acceptable levels Yes
Address cumulative impacts from multiple stressbrsugh appropriate cumulative impact assessmehtreanagement Yes
Adopt protocols that encourage cooperation withitustry in the preparation of cumulative impacieasments so that all potential Yes
impacts are known in advance

General
Identify ways to limit the combined impacts of humectivity on marine mammal populations to prev@opulation decline Yes
Incorporate the level of uncertainty into any ebsaled legal noise thresholds Yes
Identify and quantify understudied noise sourcehiss high powered active transducers (Echosoungiisus sonars) Yes
Improve knowledge of acoustic biology and of thetrtbution, abundance and life history of marinemmaal species, especially Yes
endangered and data-deficient species
Quantify noise effects on marine mammals at thaufzojpn level Yes
Establish or enhance direct linkages between thentfic community and the private sector to exajgrnformation on best Yes -
available practises and technologies and alsoftbet@eness of mitigation measures during operatio
Implement technology-forcing, scientifically baseaise limits for all types of oil and gas activitiée.g. exploration, extraction and Yes

Oil and Gas | decommissioning) that can be phased in over a ¢ghaficnot more than 10 years. Set noise limits atiogrto area characteristi¢cs

Industry e.g. lower limits for biologically sensitive areas

(seismic Determine the effectiveness of soft start / rampgeedures for marine mammal species in ‘real dvadnditions Yes

zijr:\é?ys and Conduct research into the long-term effects of eyp®to seismic activity on marine mammals, suchasinjurious impacts that Yes

. may occur outside the prescribed safety zone

activities)

Assess the noise-related impacts of other aspédtseandustry — drilling rigs, drill ships, offshe terminals etc. — and condyct Yes
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research to reduce the noise levels from theset

Use risk assessment software tools to improve atitig measures during an operation

Yes — if available

)

Promote the use of national, regional or global lipulveb platforms to industry that contain data Aps on speciep Yes
presence/abundance and distribution and the lotafimaritime protection zones, biologically imgont areas etc.
Encourage Port Authorities to develop regional puattnerships and adopt noise-related certificatandards for low noisg Yes
propulsion technologies and/or operational mitigatineasures
‘Green’ Certification programmes to include noiséated criteria in their standards Yes
Shipping Governments to actively support the efforts ofltiternational Maritime Organisation to address eadiem ships Yes
Regulators to mandate and incentivise compliantle thie pending IMO guidelines Yes
Assess the feasibility of operational measuresHigoping such as route and speed management Yes
Develop indicators for quantifying ship noise arse wn-board monitoring systems to indicate the mheechaintenance or repair Yes
Determine acoustic emissions during the instaltatibgravity-based or suction foundations and bfatiory pile drivers Yes
Pile driving Encourage the adaptation of screw pile technology$e in offshore settings (low noise emissions) Yes
and other Recognise the limitations of noise mitigating measudor pile driving and gradually introduce moestrictive standards Yes
g?fzﬁtc;arle Include a shutdown safety zone appropriate to digensource which is monitored by visual obseragid/or PAM Yes- turtles (visual
operations Improve the knowledge and understanding of cunugdthpacts of noise generated by construction iiesv Yes
Further test the effectiveness of source-basedagdt-based technologies Yes (source-based
Take efforts over the long-term to refine militamgnars to produce signals that are less damagimgutime mammals Yes
Encourage the use of risk assessment softward biagies Yes
Encourage the use of national, regional or globablip web platforms by Navies, that contain datandps on species Yes —if available
Naval presence/abundance and distribution and the lotafimaritime protection zones, biologically imgont areas etc.
activities Avoid conducting sonar exercises in locations wajographical characteristics thought to be imprita leading to strandings No

Use of pre-survey scans, safety zones, ramp-uptharidwest possible source levels

Yes (lowest source

Include lower-level pings between sonar pulsesaflelling shows that there is time for animals tprapch too close to the source

No

Restrict sonar exercises to daylight hours andemperienced MMOs instead of lookouts

No
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Annexes [To be added later]

Annex 1:

ACCOBAMS Mitigation Guidelines
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Annex 2:

IMO Draft Ship Noise Mitigation Guidelines
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