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Executive Summary

Increasing scale and complexity of offshore wind farms (OWFpargbingconcern for European
Protected Species (EPS) has led to interest in identifying alternative mitigation strategies to
commonly used visual observation and acoustic detection methodsifarine mammals. Acoustic
Deterrent Devices (ADDs) have been identified as a potentially effective tool for a number of small
cetacean species, but research has been lacking for some other key species that occur within
prospective OWF sites.

A controlledexposure experiment (CEE) was designed and implemented to test the efficacy of the
Lofitech ADD as a potential mitigation tool for the minke whale during piling operations. During
August and September 2016, visual tracking of minke whales was undertakiéaxafléiBay,
Iceland by a team of researchers on the R.V. Song of the Whale. When a focal animal had been
identified and tracked for at least 30 minutes, the ADD was deplateal distance of 1,000 in

order to expose the animal to the ADD signal. Bebaviour of the focal animal was tracked during

a control, treatment and postreatment phasein order to understand the potential reactions to

the ADD signal. Biological parameters such as iagguence interval, inteblow interval,net swim

speed, andmeasures of path predictability were recorded and later analysed to examine the
0SKIF@A2dzNJ Ay RSGFAft® LY FRRAGAZ2YS (GKS @I NRAIFOES W
the directionality and the longevity of any effect on the behaviour of theal animal.

The ADD itself was fully characterised in the field. The unit deployed was found to have a source
root mean squarerMms) sound pressure level of 198 dB r@Rare 1m,for a fundamental frequency

of 14.6 kHz. The pulse length had an averagés@ ms. As noted in the literature, variability among
individual units is expected.

A total of 46 minke whales were successfully tracked. Of these, 15 included successful deployments
of the ADD. The focal animal moved away from the ADD deployment sitik ¢ases. A significant
increase imet swim speed during the treatment phase was observed, with whales increasing their
speed by an average of 7kénh’. The away speed variable showed a significant increase in speed
during the second half of the treatnm¢ phase, indicating that animals both increase their speed
and the directness of their path in relation to exposure to the ADD signal.

The results highlight that the Lofitech ADD is effective at evoking a determasponsein minke
whales, suggesting tht such devices could be effective mducing any potential for injurious
effects from exposure t@ubsea noise generated duripge-driving activity at OWF sites

CARBON
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1 |l ntroducti on

1.1 ORJIP

1.1.1 The Offshore Renewables Joint Indusffyogramme 6 & h w Whastestablished in 2013as a
standalone programme, building on the success of tB&shore Wind Accelerator (OWA).
Managed bythe Carbon Trust, the remit of ORJ$Ro0 bring together industry, regulators, statutory
nature conservation bodies (SNCBs) anadmmmics to work togethewith an overarchingbjective
of creating scientific evidence to reduce offshore wind farm consenting risks. ORJIP projects are
funded by a number of offshore wind developers with an interest in the UK offshore wind market

1.1.2 A priority consenting risk to the offshore wind farm (OWF) industry is the potential effects of
subsea noiseptimarily produced during piledriving) on marine mammal receptorsTo address
this risk ORJIPproposed aproject to develop mitigation solutions on behalf of offshore wind
developers.

1.1.3 For Phase 1 of the project OR&dmmissioneda desktop review angrovided a set of advisory
services regarding.coustic Deterrent DevicADD use and improvements to standard miéigon
measures currently used in the Wkiring piledriving.Phase 1 of this project has beeompleted
and the results are available onlihed summary of the key findings of Phase 1 of the ADD project
is provided below (Sectioh.2).

1.1.4 The presentstudy constitutes Phase 2 of ORAalRI the focus here is to use fielthsed evidence
to review the effectiveness of ADDs as a mitigation toolrEtucing the risk of injty to minke
whale from pile-driving and provide further recommendations to inform the industihis study
has been undertaken by RE®ergy Limitedn collaboration with Marine Conservation Research
Limited(MCR).

1.2 Background

1.2.1 Phase 1 of ORJIP researchbe effectiveness of ADDs as a practical msiftecies solution to
mitigation for injury during piledriving at offshore wind farmsMost evidence for the effectiveness
of ADDs comes from studies of harbour porpoise (a {iigquency cetacean) and sealsith little
evidence available on the effectiveness of these devices to mitigate for injury te anidl low
frequency cetaceans. Phase 2 of ORJIP will therefore build on the findings of this work to
investigate the applicability of ADDs to minke whaleow-frequency cetacean

1.2.2 Phasel of ORJIPeviewed and male recommendations about current and future marine mammal
mitigation practice in relation to Round&hd Scottish Territorial WaterSTW offshore windfarm
(OWF)developments AsRounds 1 and ®DWF sites were developed, marine mammal mitigation
moved from the adoption of the Joint Nature Conservation Committee (JNEL@)elines for
minimising the acoustic disturbance to marine mammals from seismic sufyBY3C2004 and
20109, to a similar butledicated protocol; theStatutory nature conservation agency protocol for
minimising the risk of injury to marine mammafrom piling nois§JNCC201M). The central
mitigation methodsused by this protocol are visual and acoustic monitoring by Marine Mam
Observers (MMOs) and Passive AcoustiaNaring (PAM), followed by initiation of a sestart to
piling with delays to piling implemeéed due to any proximity of marine mammals within the
mitigation zone.

1 https://www.carbontrust.com/clientservices/technology/innovation/offshoreenewables
joint-industry-programmeorjip/
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1.2.3 There is considerable uncertainty regardingSth ST¥SOiABSySaa 2F (KSasS v
methods in relation to OWF developmeniarsonst al.,2009; Wright and Cosentino, 20}5The
effectiveness of MMOs is heavily dependent on weather and associated sighting conditions, and
even under good caditions, sighting rate decreases with sighting distance (Badbwl., 2001).

This is particularly important for smaller species such as the harbour porp&kec¢ena
phomena) for which detection rates can be very lpand for which there is significadliecline in
detection rate with increasing sea statErablinget al.,, 2010;Leaperet al., 2015. For example,

data from visual boabased surveys in the Hornsea Zone found that the Effective Strip Width (ESW)
for harbour porpoisalecreased from 343 m iBeaufort sea state fio 281 m in sea state 2 and the
equivalent detection probability (g(0)) decreased from 0.576 to 0.224 (SWamt, 2013). Deep
diving species are also difficult to monitor: Barlow and Gisiner (2006) suggest that the probability
of observers sighting a beaked whalirops rapidly in sulpptimal survey conditions, and for
mitigation monitoring can be as low as 2% (or lewif the observer is inexperienceddr whales
directly on the trackline

1.2.4 Reliable detection using PAM systems caspoabe problematiand Wright and Cosentino (2015)
provide a summary of the issues that arise in using PAM for mitiga@ore issue is that animals
not vocalising will remain undetected\nother problem is the ability to pinpoint the distance of
the animat from the centre of the mitigation zone as both the range of accuracy of the system
(e.g. may be + 300 m) and thikrectionality of the vocalisatioin relation to the hydrophone can
influence the distance estimation. As with visual observers, theresis @btential for inexperience
of the operators to influence the reliability of detection for a nrantomated system. Finally, the
distance over which detections are possible may not be sufficient to cover the whole mitigation
zone. Harbour porpoisesfor example,can be reliably detected by PAM within a few hundred
metres, though that can be dependent on tharientation of the animal in relation to the
hydrophone¢ KA & Aa O2yaAiARSNIofée tSaa GKIFIy GKS wadl yRI |
the INCCudelines (JNCC, 2010B)AM is less effective with some other species, particularly those
utilising low frequencies to vocalise due to poor signal to noise ratio in the lower frequencies
exacerbated by operational sounds during construction.

1.2.5 In additionto uncertainties with sighting and detection, there are significant costs, logistcal,
health and safety issues related to the loteym deployment of teams of personnel into the
operational environment of an OWF installatiorhe Phase 1 report looked detail at these issues
and found that in terms of costs, the use of MMOs and PAM personnel and equipment can cost
between 1% and 5.5% of the installation vessel cost per pile, depending upon whether those
personnel and equipment are based on the inktbn vessel or on a separate support vessel
(Herschelet al., 2013). Depending upon whether an MMO, or an existing member of the vessel
crew is used for ADD deployment, the cost as a percentage of the installation vessel cost per pile
is likely to fall 6 less than 1% (Herschet al., 2013). Health and safety is a key priority for the
offshore industry as a whole. Companies are responsible for protecting their workers and the public
from the consequences of their activities, as per the Health and Sate¥york Act of 1974 (HSE,
2001). Central to this is the concept of the reduction of risk to levels thaharew as reasonably
practical2 NJ W! [ ! wt Q 6wSySglofS!YZ HanmMnOod / NBg OKIFy3IS3
whether by crew vessel or helipter, as well as the additional risks associated with personnel on
board and the tasks required of them such as PAM equipment deployment and recovery. The
reduction of personnel on projects is a straightforward way of reducing overall exposure hours
duringoperations and therefore the overall risk to ALARP levels (Hergtladl, 2013).

CARBON
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1.2.6

1.2.7

Round 3and W OWHlevelopment sees projects being developed and proposed on a much larger
scale than the previous two rounds. With larger turbines being manufacturegebiscale wind
farms,and the potential for multiple piling vessels operating concurrently and multiple phases of
piling over many yearshe amount of noise that could be introduced into the marine environment
from piling is likely to increase substartia Environmental Impact Assessments (EIAs) for
proposed OWFs consider both the spatial and temporal scale of subsea noise arising from piling.
The average size ofirbines installed athe 408 European offshore wind farms connected to the
grid by 2014was 3.7 MW (EWEA, 2015); the Siemens SWT 3.6 MW turbine being the most popular
turbine installed in UK watersvivw.thecrownestate.co.uk This size of turbine could typically be
installed using &2,000kJ hanmer energye.g. Lincs Offshore Wind Fai@entrica Energy, 2007)
However,the progress of developing larger turbines has been rapid and the gemeration
turbines are more than doubléhe 3.6 MW averageower outputfor 2014 and nearly 18 times
largerthan the earlier turbines installedpproximately25 years agoRigurel.1). In 2016 DONG
energyinstalled the first8 MW offshore turbines the Burbo Bank Extensi@ONG Energy2013.

The associated hammer energy required to install these larger turbimeesks to be substantially
greater, (e.g. a 3,500 kJ hammer was used for the Burbo Extension piled foundation installation)
andtherefore the radius over which injyrcould occur in marine mammatas also increased

AR

Middelgrund Nysted Horns Rev 2 Anholt Burbo Bank Extension

DONG

energy

Figurel.1: Diagrammatic representation of the progress in development of increasingly larger
turbines for use in offshore wind farms. Source: humberbusiness.com).

With this in mind, it is clear that the draft guidelinesay fall short of allowing reliable detection
over the potentially larger distance®quired to ensure that the riskf injury is minimised, or
indeed even over the minimum 500 m distance recommended (JNCC, 20IDRJIP Phase 1
highlighted that ADDsouldoffer a practical solution to mitigatioasthe use of such devices could
displace marine mammals out of the zone of potential injury and therefore mitigation could move
away from the traditional approach of using MMOs and PAMHowever, further evidence is
required to support the use of ADDs as effective alternative, particularly in relation to low
frequency (and midrequency) cetaceandn particularthere is uncertainty as tthe effectiveness

of this device in a mulspecies environmenand the effect ranges over which ADDs will deter the
target animals The next section provides an overview of ADDs and their current application to
marine mammal mitigation.
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1.3 Acoustic deterrents and marine mammals

1.3.1 Acousticdeterrentshave been employed for many years as a practical solution in the aquaculture
industry to deterring marine mammals, specifically seals, fragh farms The deterrents used in
fish farms are usuallfermed acoustic harassment devices (AHDB)S I f W& GINIBHYNEEANI Y'Y S N.
Although originally developed in the late 70s and early 80s as relatively low power units, due to
the problem of habitation to these devices by seals (Anderson and Hawkins, 1978), the technology
was developed to produce higher amplitudeunds that would be painful to seals and may
therefore have far field effects at deterring animals.

1.3.2 Theeffectivenesof AHDgn aquaculturehas led towider applicatiors of acousticdevicessuch as
theuse2 ¥ W LJmn yeAuBingEbgratch of marine mamisa particularly from static fishing nets
(Krauset al., 1997; Trippeékt al., 1999; Barlow and Cameron, 2Q3awsoret al., 2013. Pingers
are generally classified dgw power output devicethat alert marine mammals to the presence of
the static fishing gear, however, they can also be effective at deterring animals from the vicinity of
the nets albeit overrelatively smalldistances(Koschinski and Culik, 1997; Laakeal., 1998;
Kasteleiret al., 2001;Hardyet al., 2012).

1.3.3 Although there are diffeent terms for acoustic deterrents, the generic term used in this report is
Acoustic Deterrent Device (ADD) and refers to a high power output device that can deter animals
from a specific area (Box 1).

Box 1. Terminology of acoustic deterrents

The different terminology for acoustic deterrents can be confusing and the O
Phase 1 report therefore provided a detailed description of the different terms

their historic application (Appendix E in Herschehl., 2013). Herschedt al. (2013)
suggest that for clarity, the generic term, which refers to any device that can be de
to deter animals from a specific area using acoustic signals, Acanstic Deterrent
Device (ADD) Although evidence from field studies have suggested that pingens
be effective at deterring some marine mammal species from an area, due to the |
intensity of these devices, and ttpotential habituation shown by seals at fish farmr
(Jacobs and Terhune, 2002nd by harbour porpoise (Cex al., 2001),these devtes

have not been considered further under the generic term ADD.

1.3.4 Although ADB were developed to mitigate against economic damage to fish farms from seal
predation, it was observed that secondary effects occurred on harbour porpoise with exclusion
over hrger ranges than seen for seals (Johnston, 2002; Olediak, 2002). Whilst this raises
concerns in relation to unwanted habitat exclusion for harbour porpoise in the vicinity of fish farms
there is a potential benefit in terms of their potential teetér animals from subsea noise injury
zones produced during offshore pitiriving. Thus, ADDshave been proposed as potential
mitigation solution for the offshore renewable industry (Gordetnal., 2007). Gordoret al. (2007)
developed a cumulative nagsexposure model to explore the ranges at which animals needed to
be moved in order to reduce the risk of injury. Although the results were not conclusive (due to
sensitivity to factors such as propagation conditions and uncertainties as to animal rea¢tion
aversive sounds), the study highlighted that the risk of injury to marine mammal hearing from pile
driving could be greatly reduced if animals were to move out of an area before piling started.
Consequently the JNCC guidelines recommended considerafithe careful use of ADDs in the
protocol for minimising the risk of injury to marine mammals from piling noise (JNCCbhRai®
Fa +F WaSyalradA@dSQ YAGAIIGAZ2Y a2fdziAzy F2N G6KS LINR
injury and disturbancéJNCC, 2010c
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1.3.5 The Phase DRJIP reportHerschekt al., 2013)highlighted that in order for ADDs to be effective
they would need to evoke a response of 6 or 7 on the Sou#tadll. (2007) behaioural response
severity scoreThis is because the response score of 6 is the lowest score which includes a fleeing
response. Although tis is higher than the JNCC recommended benchmark of 5 for a significant
behavioural responsé¢indicating a sustained and chronic disruption of beioair) of a cetacean
European Protected Species (EPS) (JNCCcRo purpose of ADD deployment is to achieve
sufficient displacement from an area adjacent to pile driving activity and thus avoid potential
injury. Therefore this higher score is justified

1.3.6 Previous studies that have looked at how effective ADDs are at displacing marine mammals have
onlyfocussed on seals and harbour porpoiBer thesix shortlistedADDshighlightedas having the
potential to provide a multispecies solution the Phase DRJIP study Airmar dB plus ]ILofitech
Ace Aquatec Seal Scrammer, Terecos, GenuswaveSaadarco Faun&uardg it was apparent
that the only evidence came from field and captive trials of harbour porpoise, grey seal and harbour
seal with no informaton available for mid frequency cetaceans (e.g. bottlenose dolphin) or low
frequency cetaceans (e.g. minke whafsg¢e Table 3.4 in Herschetl al., 2013). In addition, some
of these devices did not appear to be effeetiacrossll species they were testl on. For example,
whilst the Airmar dB plus Il was effective at deterring harbour porpoise ovea@mumrange of
3.5 km(Olesiuket al., 2012) the efficacy of this device on harbour and grey seals was less apparent,
with no observable response in sonmases (Jacobs and Terhune, 2002). Similarly, the Terecos
deterred harbour porpoise out to a range of 1 km but there was no range detemrimrecaptive
harbour seals or grey seals (G6tz and Janik, 20&0).other devices, such as the Ace Aquatec Seal
Scammer there was only information on harbour and grey seals from captive and field trials. In
the field trials the deterrence range was estimated as approximate 60 m (although this was only
for displacement of 50% of the animals) (G6tz and Janik, 201@sedBon sound propagation
Kastelein estimated a potential effect range of the Ace Aquatec Seal Scrammer on harbour porpoise
of 0.2 to 1.2 km although this was not tested (Kasteletiral., 2010). A full review of the efficacy
of these devicesvasprovidedfor ORJIP Phase 1 (Sparletal., 2015; Herschedt al.,2013).

1.3.7 The Lofitech ADD has been frequently used in recent studies as an effective multispecies device.
Brandtet al. (2013a) conducted field trials of a Lofitech ADD on harbour porpoise in Daeish
waters and found that the device successfully deterred animals 99% of the time out to a distance
2T MO 1Y O00GNIryatrdGAy3a G2 I NBOSAPSR az2dzyR f S@SH
to 2.1 to 2.4 km (119 to 121 dB re 1uRans)). Brendt et al. (2013) note, however,that
transmission loss is high for this study site and that the deterrence distances elsewhere may be
higher dueto differences in seabed characteristics (e.g. coarser substrate at North Sea sites may
lead to greater propgation ranges) (Brandit al., 2013b).Gordonet al. (2015) tested the Lofitech
ADD onUHFtagged harbour seals in Scotland (Kyle Rhea and Moray Rirttgnges of ~500 to
1,500 m. They found that animals typically responded to the Lofitech ADD out tstande of
1,000 m, with the minimum range at which no response was observed recorded as 99Bhm
percentage response decreased with increasing distance from the ADD source with 100% response
out to 1,000 m and thereafter a steady decline was seen with the most distant group recorded at
4.1 km showing a 20% response (Gordoml, 2015).b 2 Gl 6f 82 | GNBalLlRyasSé Ay
always a directed movement away from the sound souaseit depended ortheir activity and
direction of travel at the time of the ADD activation. The minimum approach disteamtiee ADD
was 473 mandanimals did appear to change course to avoid the soudcerall, the study found
anincrease in distance travellelbetween sufacingsand an increase imet swim speeds during
ADD activation.

1.3.8 Kasteleiret al. (2015a, 2015bgonducted exposure experiments drarbour porpoise and harbour
seal in captivity tobroadcast recordings of the Lofitech ADD at different SPLs oveni3@e
durations. The behavioural response study showed no significant response during trials, although
it was noted that the recording used in this study produced source levels lower than the actual
Lofitech device. Comparison of these results from the studiescribed above which were
conducted in the field highlights that animal responses in a captive environment are very different
to those observed in the wild and therefore inferences from captive experiments must be treated
with caution.

CARBON
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1.4  Sensitivity of minke whale to subsea noise

1.4.1 Cetaceans haviargelyevolved to rely on sound asprimary sense for vital functions. Unlike the
odontocetes (toothed whales) there is miedicatedecholocationmechanisnin mysticetes (baleen
whales) which includes the specianinke whale,although there are some physical similarities in
that both suborders have evolved to incorporate fatty tissues into their auditory systems for
aquatic sound reception. Although the fats have different lipid profiles in mysticetes compared to
odontocetes, they functionn similar ways byeducing the sound speed compared to surrounding
tissue and may therefore help to focus the sound towards the €#esnatoet al., 2014)

1.4.2 Mysticetes primarily heaand communicate with potential mates and cgpecificswithin the low
frequency(LF)angeof ~10 Hz to 30 kHahich canpropagatemany kilometresunderwater(Urick,
1983. The sensitivities of marine mammals to different frequency sounds are illustrated by
audiograms. The information from which audiogram dataxe derived forthe hearing groupF
cetaceans§)i.e. minke whale)s limited, with no direct measures for auditory thresholds made for
any species withithe LFcetaceangroup (NMFS, 20167 range of audibilitfor LFcetaceans has
therefore been establishedrom observed vocalisation frequenciesd reactions to playbacks of
sound (Tyack and Clark, 200@nd from anatomical measurements of the auditory systémg.
Houseret al., 2001; Parkst al., 2007; Tubellet al., 2012; and Cranford and Krysl, 201%he upper
and lower limits of thenost sensitivenearing rangdrange over which animals are likely to be most
sensitive to soundsfor LFcetaceans is given as 0.2 t8 kHz in the latest guidelines from N@A
(NMFS, 2016and the derived audiogram for LF cetaceans is preseRrignrel.2.
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Figurel.2: Audiogram weighting function for lowfrequency cetaceansncluding minke whale
(NMFS, 2016)

1.4.3 An audiogram can be used toderstand whether any animas likelyto hear a particular sound
based on the measured hearing capabilities of the speci¢$earing threshold audiograms
represent the lowest levels of detectable sound (Richardstnal, 1995). The ability to
discriminae between sounds of different frequencies and intensities depends on the ability of the
receptor to hear the sounds above background levAldditionally, hearing thresholds are likely to
vary between individuals of different age, gender and health stg§Rishardsoret al., 1995)
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14.4

15
151

1.5.2

In the subsea environment, where background ambient noise levels can be high, masking can occur
where a receptor is unable to detect a sound, even if the sound is above the absolute hearing
threshold (Richardsoret al., 1995) Thus the success of an ADD will depend on the signal being
detectable above ambient noise levels, including additional smede noises that contribute to

the baseline soundscape, at an appropriate level to elicit a deterrence respofiiés is not,
howeve, a simple effect to predict because it is possible that marine mammals may be able to
detect discrete tones at much lower levels than the broadband masking noise level. This is because
the character of the sound differs significantly from other maslsngnds(Wenz, 1962)

Aim and objectives

Theaim of this study, as stated in the@if to understand the effectiveness of a chosen ADD device
on minke whals (a low frequency cetaceaspecie$. Specific objectives of the study are as follows

1 Undertake field testing to test the effectiveness of the chosen ADD systethisptacing
minke whales;

1 Review the findings of thexposuretests in terms of the effectiveness the ADDand how
suitable they are as a method to mitigate injury to minke wdsalwith particular reference
to subsea noise from piling aspatential source of injuryand

1 Provide recommendations on the use of ADDs in the offshore wind farm industry to inform
government guidance on mitigating injury to marine miaals

As identified during Stage 1 of Phase 2, the desired range of deterrence for ADDs in order for them
to be considered effective should be a minimum of 580the minimum mitigation zone applied

to construction piling operations (JNCC, 2010b). Further, the effectivenfed®Ds should be at
least equal to or better than the current practice of utilising MMOs and PAM (Spatialg 2015).
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2 Met hods

2.1 Study area

2.1.1 The location for this study was Faxafléi Bay, southwest Iceland, shoRigune2.1. Faxafl6i Bay is
a relatively shallow bay measuring 50 km long and 90 km wadd covering an area of
approximately 5000 knt. Water depthsrange between 3%and 50 m, with an averageadepth of
38m. In this respect, the site is in keeping with the general character of Round 3 offshore wind
farm sites.Faxafloi Bay was one of the recommended sites for this study within the Phase 2, Stage
1 report (Sparlinget al., 2015)
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Figure2.1: Map of the study aredred inset area) Faxafl6i Bay, Iceland

2.1.2 Faxafléi Bay is a popular location for whale and dolphin watching benefiftorg the regular
occurrence ofseveral marine mamal species, includingommon minke whaleBalaenoptera
acutorostratg the target species for this studiBertulli et al., 2015).Faxafléi Bays a summer
feeding ground for minke whales and there is predictable seasonal occurrence close to the shore
in relatively high numbers.
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2.2 ADD selection

Introduction

2.2.1 As discussed previously (Sectidr8) the ORJIP Phase 1 report identified and reviewed six ADD
units that were either commercially available or under development at the taheriting. Those
devices were:

1 Ace Aquatec MMD
Airmar dB plus I
Lofitech

1

1

1 Tereos
1 GenusWave
l

Seamarco FaunaGuard

2.2.2 These devices were highlighted as having acoustic characteristics in the hearing ranges of UK
species of interest in relation to Round 3 OWF sites, have a demonstrable track record within the
literature as resulting in aveive responses among UK species of interest, and be available for
commercial application (Herschet al., 2013). The devices were reviewed further within the ORJIP
Phase 2 Stage 1 report, which listed the devices by Ace Aquatec, Seamarco and Lofitechess$ t
options from both procurement and operations perspectives. The Lofitech ADD was noted as not
having a bespoke model for the OWF market, though was also noted as the device which had been
subject to the most independent scrutiny in terms of potentigitigation capability (Sparlinet al.,
HAMcUO® C2NJ GKAa NBlFazysz GKS [2FAGSOK !'55 gl a KAZ
trials within the ORJIP Phase 2, Stage 2 Request for Proposals and therefore selected for use within
this study

Previous use of Lofitech for mitigation

223 ¢KS [2FAGSOK !'55 A& F wasSrt aoFNBNRT | RS@GAOS
aquaculture sites in order to reduce depredation on fish and the resultant economic impact. The
effectiveness of thesdevices for that purpose has been examined on a number of occasiause(

2.1). Such studies have noted the potential for these to devices to result in incidenpalcinupon
cetaceans when used in an aquaculture context, leading to the use of these more widely as a
deterrent during piledriving operations as a mitigation tool. The effectiveness of these devices as
a mitigation tool has therefore warranted further iastigation.Table2.1 summarises the studies
where the Lofitech ADD has been deployed and what the results of those deployments were in
NBfFdAz2zy (2 GKS Wil NBSGQ aLISOASaD

Table2.1: Summary of studies undertaken using the Lofitech ADD

Author Species Summary of results

Gordonet al. 2015 Harbour seal Responsegmostly seen as movement away from
source)recorded up to 3,122 m

100% response out to sA00 m

Harriset al. 2014 Grey and harbour seal  Significant reduction in seal sightings within B0of
Lofitech ADD.

Sightings beyond 8M not analysed.

Brandtet al. 2013 Harbour porpoise Clear reduction in harbour porpoise sighting rate
within 1 km of Lofitech ADD.

Immediate disappearance at exposure ranges of &
to 1,100 m.
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2.2.4

2.2.5

2.2.6

2.2.7

Author Species Summary of results

Brandtet al., 2013b Harbour porpoise Significant deterrence effect up to 7.5 km away.
Number of detections within 750 m ofRODs
decreased by 585% of the value before ADD
activation.

Gotz& Janik, 2010 Grey and harbour seal 60 m deterrence range for seals in the wild.
Greatest range ofour commercial systems used in
comparison, equal with that of Ae&quatec.

Fjallinget al. 2006 Grey seal Reduced predation at fish traps

Technical specifications

The Lofitech ADD systerRigure2.2, below) comprises a control unit containing a pulse generator
and amplifier, linked to a transducer via a @bcable (as standard). The unit is powered by a 12V
battery. A system specification sheet is availabld.ofitech ADD specification she@ppendix A)

8
7

Figure2.2: Lofitech ADD unit, showing the pulse generator and power source in weatherproof
housing (left) and transducer head (right)

The system has a nominsdund pressure levelutput of 191 dBe 1uPare 1 m, producing patterns
of signals between 10 and 20 kHEhe metric for the sound pressure level (irms, 0 to peak, peak
to peak) has not been defined by the manufacturer.

Previous studies have shown the unit to produce pulses of aroundv@uration, with variable
length pauses between pulses (Branelt al., 2013; Fjallinget al,, 2006). A summary of source
characteristics following measurements taken as part of this project are summarised later in
Section24.

The frequency of the Lofitech falls within the range of hearing of low frequency cetaceans based
on theoretical audiogram data, and therefore was considered appropriate to use in this &eady
FigureC.2in Appendix ¢

| —
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2.3 Fieldwork

Research vessels

2.3.1 The research vessel utilised throughout the field period was the $JNg of the WhaléSOTW).
SOTW was purpose built for cetacean research and designed to be extremely quiet even when
under power in order to cause minimum disturbanée animals and to maximise effectiveness of
passive acoustisurveygFigure2.3). A full vessel specification is availabidr/VSong of the Whale
specification(Appendix B) The secondary vessel wasd® m Zodiac® rigid inflatableused for
deployment of the ADD transducéfigure2.4).

Figure2.3: R/V Song of the Whale

~
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2.3.2

2.3.3

234

2.3.5

2.3.6

2.3.7

Figure2.4: rigid inflatable tender used for ADD deployments

Subsea noise field methods

Field measurements were conducted in order to characterise the Lofitech ADD source and the
propagation of sound away from the deviceRaxafléi Bay

A calibrated hydrophone was deployed from RSéng of the Whaland the ADD was deployed

from the Zodia& tender (Figure2.4). The Zodiac was stationed at various distances from the
research vessel and hydrophone depending on the test being performed, with measurements
conducted with the Zodiac at distances of approximately 200 m, 500 m, 1,000 m, 1,500 m and 2,000
m from the hydrophone.

The distance between the two vessels was measured using a range finder and tracked for future
FylFfeara dzaAy3a Dt {pasitiohs\b@iRg conktéhtlyloggrd tir&ighaud theisQrvey
period.

The measurements were carried out using a calibrated Reson TC 4040 hydrophone connected to
a Reson EC6067 charge conditioning amplifier which was connected to a Sinus Apollo data
acquisition system (with 80 kHz bandwidth). Analysis was undertaken using a laptop computer
loaded with Samurai analysis software.

The postprocessing involved selecting the time limits of an individual pulse, then &sisgFourier
Transform FF) analysis to crate an FFT plain the frequency domain Analysis was performed
to determinethe rms, SEL an@-Peakparameters and @nograms showing time history were also
generated

Full details of the measurement methodology, equipment and analysis procedures canrifi
Appendix G Subsea WiseModelling
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Minke whale visual observations

Visual search effort

2.3.8 Visual searching was conducted during daligburs and in seatates <4, i.e. in conditions when
minke whales could be detected and studied. Althowgdeo trackingechniques generally require
sea states of 3 or less, attempting to find focal animals in slightly higher sea states allows tracking
effort to commence a soon as conditions ameliorate. When the weather conditions were
appropriate, the primary vessel commenced searching tracks in the study area soon after dawn
(0600 hrs) and continued until around 2000 hrs, in order to make use of the long daylight hours.
¢CKS f233Ay3 agwwinmtinddservichrase8diloygvas running at all times to
record environmental and sightings data, and automatically derived data streams including GPS
informationz ! L{ aA3dylfta IyR FSSRa 7T N&uNacdidnPeratuemmdSt Qa
wind speed).

2.3.9 The vessel followed prdetermined searching tracks designed for the study area using an equally
spaced zigzag design. The choice of which of these seagre¢tdcks to use was determined on a
daily basis using all available data including historic patterns of whale distribution, previous
sightings from the primary vessel and information from other sources (e.g. reports from whale
watching vessels). The segveffort was conducted at speeds of between 5 and 10 knots (speed
over ground).

2.3.10 Visual searching was conducted by two dedicated observers from an elevated observation platform
(eye height of 5.4n). One observer scanned the sector fror®0degrees and th other from 270
360degrees; 7x50 binoculars with internal compass and reticles were used to confirm details of
sightings. When a sighting was made of a marine mammal the observer reported the details to
another team member acting as a dedicated data melew. The data recorder saved all the
information to the survey database using the Logger software. The aim was to record sighting time,
species, distance, relative bearing, relative heading, number of animals, cue and behaviour for all
animalsobserved.In the field, relative bearing was estimated using angle boards mounted on the
either side of the observation platform and distances estimated by eye.

2.3.11 All times recorded on paper forms or entered into computers in the field were recorded in
CoordinatedUniversal Time (UTC). All computer times and instrument times (cameras, video,
clipboard watches, etc.) were also set to UTC. In addition to noting details of all sightings, the data
recorder also documented any changes in environmental information (every bowhenever
local conditions change significantly) and survey effort. A watch rotation system was put in place
whereby observers were on watch for one hour, before spending an hour as the data recorder, and
then observing for another hour on the opposiéale of the observation platform.

Video range tracking

Principles of Video Range Tracking

2.3.12 Tracking smalscale movements of whales requires measurements of range and bearing from the
observation platform in addition to data on the location of the platfarrata on the location of
the primary vessel was recorded automatically every second. A combined-kideoular Video
Range Tracking (VRT) system was used to derive the required information on range and bearing to
focal animals(Leaper and Gordon, 2001)The video system enaldean archived verbal
O2YYSyidlINE G2 0SS YIRS R20dzYSyidAy3a AyF2NNIGAZY
and the sequential activities of the research team. The basic principle behind the tracking system
is that the absolu position of the primary vessel is known from the GPS and relative positions of
the other objects such as whales from ranges and bearings. As accurate timing is critical to this
analysis, the GPS clock is the reference by which all watches and cloddeancameras are set.
Range from the video camera is derived by measuring the angle between the whale and the horizon
from a known height. Measuring angles from a video relies on first having calibrated the focal
length of the lens, and this focal lerfighot being changed without subsequent calibration. There
weretimes when there appeadto be no horizon because themeas land in the way; thisasnot
a problem if the bearing to the focal animakhsknown as well as the distance to the land post
survey.

. P
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Procedures for Video Range Tracking

2.3.13 When a minke whale was sighted, it was then tracked using VRT techniques until either it was
deemed to have been lost or could be confused with another individual. This ensured that an
F OOdzNI (S LJ 20 2rdentsiiK @latigrkid theS midaryYWwesge$ could be generated.
Locations of the secondary vessetre logged using a GPS unitdditionally, the secondary vessel
carried an AIS transponder and this signal, along with all other vessels transmitting AlS(signals
fishing vessels or larger ships), was automatically logged using a Pamguard module. Additionally,
the data recorder routinely entered sightings of vessels without an AIS transponder into the survey
database with distance/bearing estimates and anlertinformation (e.g. vessel type) when within
2000 m Given that the absolute position of the primary vessel will be known every second from
GPS, the relative positions of whales (by recording ranges and bearings) and the ADD deployment
(from GPS/AIS) can be compared.

2.3.14 When a minke whale was observed in thady site, a subjective decision was made to assess if it
was appropriate to track the animal. This decision included consideration of daylight hours and
prevailing weather conditions. For example, at least two hours of dayligine to be available. If
VRT was deemed appropriate, an observer would be situated at each side of the elevated
observation platform with a set of VRT equipment comprising a pair of 7x50 binoculars and a small
HD video camera (with a three second gexord buffer) mounted on a morpod (Figure2.5). On
the first sighting of a whale during each surfacing sequence, the observers would press record
while aiming the binoculars at the animal, ensuritigat both the target animal and the
horizon/shoreline are in frame. Ideally, the precord buffer would capture the exact moment of
this surfacing. A running commentary by the observers was recorded to video in order to log the
reticule/bearing readinggrom the binoculars, the direction of travel of the whale, the number of
animals and type of surfacing (e.g. flat surfacing, arched surfacing, lunge, fast swim). This
information was collected for each surfacing event with the video left on constant regbiié the
whale is at or close to the surface. If weather conditions were unsuitable for VRT (e.g. rain or poor
visibility), surfacing times were recorded manually.

Figure2.5: Video Range Tracking equipent

2315 | AAy3 GKS 20aSNXYSNRa Seé&S KSAIkascaltuatddddSthedabimal f SPSt =
from video frames using measurements of the angle of dip from the horizon to the whale. As
magnetic compasses may be influenced by electragnetic field from deck instruments and the
steel structure of the vessel, an alternative technique to derive accurate bearing information was
incorporated in the field protocol. Downward facing CCTV cameras mounted above the observation
platform were used to capturémages of the observers as they direct their binoculars towards the
focal animal. From a line running along the top of each binocular, accurate angles to the animal,

relative to the boat could be calculate&i@ure2.6).
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Figure2.6: CCTV image from a starboard camera showing the orientation of an observer's
binoculars in relation to the primary vessel

2.3.16 When conducting docal follow all observed surfacings of minke whales withjd0R m were
recorded even if these were not believed to be of the focal animal. As many surfacing events as
possible were recorded on video to measure surfacing locati€@®ontinuousrecording of the
gKFEESaQ | OGAGAGASAE =N finyingsLalf dlifaciOpdzivasNcErried au® bylibbte v &
observers. Although the observers measured ranges (from binocular reticles) and bearings (from
binocular compasses) to whales, the VRT outputs were usedetive accurate ranges post
process. Accurate bearings were also calculated $sastey using the information frorthe CCTV
A23aGSY Y2yAG2NRYy3 GKS 2NASyidrGAz2y 2F GKS 20aSNID:
primary vessel was converted to ad#tS 6 S| NAy 3 dzaAy3a (KS (
feed from a Simrad HS70 GPS Compass (recorded Himeato the Loggersoftware).

Controlled exposure experiments (CEESs)

2.3.17 After tracking a focalvhalefor at least 30 minutes, attempts were made teploy the secondary
vessel and to expose the focal animal to the ADD signal. This took place in a sequential approach
for each focal animal, with steps 1 to 4 below ideally completed to derive a single trial including a
control. As habituatiorwasexplicitly not a concern for the scope of this study, repeat trials using
the samefocal whalewere not required. Additionally, repeat exposures to the same minke whale
may cause escalating behavioural responses, and thus were avoided to reduce the likelthood o
measuring the response of sensitised whales.

2.3.18 VRT took place continuously throughout all of the followitgps and only ceased at step 4

1) Pre-exposure phasean animal identified in the appropriate conditions for a focal follow
wastracked for a perid of 30 minutes.

2) Control Phasefollowing a successful 30 minute tracking period, the secondary vess!

deployed and positioed itself at the required distanceahead of the focal anim& @ector of

travel, travelling slowly in a wide arc to minimise the potential for disturbance and cutting its

engine once in place. If the animdld not engag in directed movement the aim was to

manoeuvre the ADD source to withihe required distanceToprovide some measure of the

LGSy ALt 2F GKS a802yRINE ©5aa8f (2 AyTFtdSyos
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secondary vessel was brought into position, the ADD was not deployed. The approximate
distance between the focal whale and the sedamny vessel was estimated in retithe using

the AIS feed from the secondary vessel and/or rafigder binoculars. When the focal animal

was deemed to be withinthe correct distanc2 ¥ G KS &aSO2y RINE ©@S5aasSt:
RS LI 2 &o&npl)tadk place, whereby the secondary vessel remained motionless and the
primary vessel continued to track the focal animal.

3) Treatment phaseafter the 15 minute control phasethe secondary vessel would reposition
itself as described in Step 2 to ensure the famailmal was at the correct distance away from
the ADD sourceWhen the secondary vessel was in plaie the second time, and at least
15minutes has passed since the previous (rdeploymen) phase the ADD device was
deployed in to the wateand activated The team on the primary vessel continued to track the
whale and &er 15 minutes, the trial was considered complete and the AdMactivated and
retrieved.

4) Posttreatment phase:after the last trial, the focal animakastrackedby the team on the
primary vessefor an additional 30 minutes where possible, in order to provide information
on postexposure behaviour. Once the focal animal was lost or 30 minutes has elapsed, the
primary vessel would slowly move away from the focal animalrauwehite with the secondary
vessel. When at least,000m clear of the focal animal, the searching pattern would be
recommenced in order to find another focal animal/group providing the weather conditions
and availability of daylight were conducive.

2.3.19 Thesesteps are summarised iRigure2.7. Originally the plan had been to add an additional step
where the treatment phase was in two parts: one with the ADD activatedtaedther with the
ADD deactivatedvith the observers unaware of which state the ADD was in during observation.
This was to ensure that there was an objective recording of the movement of the whale without
any preconceived idea of what to expect. Howey in practice this was difficult to achieve as
there was a limited time over which tracking of eafdtal whalewas possible and therefore this
step had to be removed to ensure successful tracking over as ficeay whales as possible.

2.3.20 The standoff digance for the secondary vessel and therefore deployment range of the ADD was
increased fronb00m to 1,000m on 218t August, having completed three trials at this approximate
distance The reactions seen during early trials were so extreme as to restheitoss of the focal
animal, meaning that not all steps in the protocol could be followed, including the 30 minute post
deployment monitoring.

2.3.21 Trials were not attempted if alternative potential sources of disturbance, such as shipping, were
within (or likely to be within) 2000m. Tracking efforts continued if another vessel came within
2,000m during a trial; however, trials of this nature were treated separately during analysis and
STF2NIa YFIRS (2 OKINIOGSNRAS (K Sothfie @b and tifed Y I £ Q&
approaching vessel(s).
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Figure2.7: Summarised protocol for focal follow and CEE activities

Subsea noise modelling

Noise propagation model

The water in Faxafl6i Bay is mainly 35 to 37 m deep and in the inner and coastal parts of Faxafléi
Bay water depths are around 40 to 50 m deep (Rasmuss$ext.,, 2013). The seabed substrate is
predominantly sand or basalt (Rasmussen & Miller, 2002). ude of a simplified empirical
modelling is therefore considered to be a valid approach for the specific conditions in which the
tests were undertaken. It is worth noting that these water depths are similar to the round three
and STW offshore wind farm g, but consideration will need be given to potential differences in
propagation due to effects such as temperature gradients, seabed type and scattering if applying
these results to other sites.

The generalised model for underwater noise propagationtgfly assumes geometrical spreading

of sound energy either as a cylindrical wave, as a spherical wave or somewhere in befRatber

than simply fit a curve to the measured data, a frequency dependent curve was therefore derived
based on a combination difest fit to data and standard acoustic theory. Tdwve fitting exercise

was undertaken in order to determine how sound spread away from the sound source in Faxaflgi
Bay during the trials. This exercise took both the geometrical spreading of energyaedular
absorption of energy in the water into account. The line of best fit was judged by using the values
which resulted in the best correlation between the measured data and calculated value as
indicated by the Rcorrelation coefficient.
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2.4.3

244

2.4.5

2.5

251

2.5.2

Using thke propagation model derived above, it was then possible to calculate the source level.
Further analysis was also carried out using sempirical models in order to validate the derived
source level and coefficients of propagation and absorptiboll degils of the methods are
presented in Appendix Calong with further explanation and justification for the chosen
methodology It is recommended that a more complex modelling approach be considered on a site
by site basis if the findings from this study {@ms of range of effect) are to be directly applied to
other sites.

Exploring the potential to induce injury

In order to investigate the potential for the Lofitech ADD to cause injury to a marine mammal
during deployment, a further noise modelling exercisvas undertakento model the sound
exposure of nnke whales to sound emitted by the device and to compare this against thresholds
for permanent and temporary threshold shift contained in NOAA guidelifid¢stional Marine
Fisheries Service, 2016)}or cumulative SEL dose, three scenarios were modelled in which an
individual was assumed to be at starting distances of 500 m, 100 m, and 25 m from the ADD at the
start of activation.

Table2.2: PTS and T3 thresholds recommended by NOAA assessing the potential for auditory injury
to arise in minke whale exposed to an ADD

Noise metric PTS TTS Note

Peak sound pressure 219 213 Single pulse threshold for peak sour
(dB re 1uPa) pressure level

Sound exposuréevel 199 179 Pure tone noise with no rapid rise tim
(dB re 1uP%) and therefore thresholds are for exposui

to continuous rather than impulsive noise

Root mean square n/a n/a n/a
(dBre 1uPa)

Sound propagation away from the ADD was modelled uliegpropagation coefficients derived
previously (desribed inSection0). The cumulative SEL of a minke whale swimming away from an
ADD was the calculatemssuming aa@nservative swim speed of 2.5shand an average pulse rate

of 0.5 pulses per second. Cruising swim speeds of minkéewteve been shown to be 3.25sth

(Blix and Folkow, 199%;00peret al., 2008) but the more conservative swim speed of @& used

in this assessment allows some headroom to account for the potential that the animal might not
swim directly away from the source, could change direction or does not maintain a fast swim speed
over a prolonged period. The modeljimssume®0 minutes of activation which reflects the likely
activation time for marine mammal mitigation for offshore piling.

Data analyses

Mapping whale tracks and responses to ADD

For eachfocal whale tracked during the CEEs a map was produced in GIS to show thé \8hQ &
position at each step of the CEE. The maps show the position of each whale, as recorded by the
field team during each surfacing event, and mapped spatially with a vector represehétige of

travel between each consecutive poirfiracks were colur coded according to which phase of the
CEE each surfacing fell within.

A summary of the responses of all trackixtal whales was plotted graphically to illustrate the
distance of focal animals from the ADD deployment site over the treatment phase i(itBemADD
activation and during the podreatment phase when the boat continued to monitor whales after
the device was deactivated.
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2.5.3 Bar and line graphs were also producedstommarise the response of whales during each phase
of the CEE. Responses werneasured using a number of biological parameters described below.

Estimating biological parameters

2.5.4 A number of biological parameters were derived from each track using the information collected
during a focal followThe biological parameters are describleelow.

Dive time: Inter-sequence interval (ISI) and Inter-blow interval (IBI)

2.5.5 The typical foraging behaviour of minke whal@sthis study and a previous study conducted in
Faxafléi (unpublished MCR data from 20ir#)olves a long dive of ® 6 minutes, followed by
sequence of4 to 6 shorter divesnearer the surfacelasting10-40 secondsach To capture this
inherent variation in dive profile, the first measure of dive time (ISI) only considered the longer
dives, whilst the second measu¢il) only considered the shorter dives

2.5.6 The ISl igalculated aghe time (in seconds) between the last blow from the short dive sequence
to the first blow of the next short dive sequence.

2.5.7 The IBI is calculated as the time (in seconds) between blowkeaturface during a short dive
sequence.

Net swim speed

2.5.8 The net swim speefimetres per second)f each whale wasbtained for each surfacinigy dividing
the distance covered betweesuccessiveurfacing by the timeelapsed¢ Kdza y S WagAyY alLl
really a measure of the net movement between successive surfacings (which coulylibe
convoluted) and therefore provides a minimum measure of the speed at which whales swim
between surfacingsNet swim speedvascalculatedfor all surfacing of eachfocalwhale but the
mean net value (sum of all the distances divided by sum of all the tinves3 taken across all
surfacingto give this biological parameter.

Path predictability: directness and deviation indices

2.5.9 The directness index is one measure of patbhdictability; the other measure being the deviation
index (Williamset al., 2002).The directness index measures path predictability on the scale of a
tracking session. It was generated by dividing the distance betweenrpents of a path by the
cumulative surface distance covered by all dives. The directness index can be thought of as the
ratio of the diameter of a path to its perimeter. Thiesulting ratio was then scaled to 100 such
that the parameter camange from 0 (a circular path) to 100 (a strdidjihe) (Figure2.8).

i
-

Deviation index = Directnessindex =

_ el + el 4 _ ( T )
“= 2 e b =100 (dy + dz +d3)

Figure 2.8: A sample swimming path with four surfacingg 0 | Yy R (i K,NsBoingRwo@Sa oR
measures of path predictability: deviation and directness. The deviation index is the mean of all angles

between observed dives and the straight A y S LJ § K& LINBRAOGSR 6X0 o0& LINBC
index is the ratio of the track diamter (T) to its perimeter (from Williamst al., 2002.

. /‘\
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2.5.10

2511

2.5.12

2.5.13

The deviation index is a second measure of path predictabilityveasibased upon thehangein

0KS gKIfSQa O2dz2NES 0| fyom bnd sudfRily o $1& nextehdcaritdforgé A 2 vy & 0
becom A RSNBER a4 Fy AYy@SNEBS VY Figuez8)SForkedch surfacihglinkaQa avY 2
track, the angle between the path taken by a dive and the stralgig pah predicted bythe dive

before wascalculated(Williamset al., 2002) The deviation index is the mean of the absolute value

of each of these discrepancies, in degrees, during the entire track. A low deviation index indicates

a smooth path, while a highbeviation index indicates an erratic path. Indices of directness and
deviation are calculated for each track.

A track that shows high deviation and high directness is described as erratic but directional,
whereas a track with low deviation and low direess is smooth but nordirectional

Environmental parameters

Information on environmental parameterwas collected in the field concurrently during the
tracking of focal whales. Where possible, measurements were taken as soon as the ADD was
activated. Thdollowing table describes the parameters measu@able2.3).

Table2.3: Environmental parameters recorded during the CEE

Environmental parameter Description

Day A sequential number representing studgy, with day 1 being
11/08/16 and day 24 being 03/09/16

Time Time of day in decimal hours, e.g. 9:30 AM = 9.5 and 8.1%
= 20.25

Latitudeand longitude Position of the whale in decimal degrees

Depth Water depth in metres measured using GEBCO (Ger
Bathymetric Chart of the Oceans)

Slope Maximum change in depth for each GIS cell in relation to
neighbour, calculated as a percentageange

Distance of ADD The distance between the ADD deployment site and the
surfacing of the whale prior to aistation of the ADD

Wind speed
Measured from a masthead instrument aboard the surv
vessel in kmb

SST Sea Surface Temperature measured from a -mdunted
sensor on the survey vessel in centigrade

Encounter rate Encounter rate for each survey dayeasured as the numbe

of individual minke whales encountered while survey effi
gl a WasSlkINOKAYIQ 6AdSd y2i
to/from port) dividedby kilometres of search effort

Comparing the phases of the CEE

The biological parameters were estimated for edoleal whaleover the different phases of the
CEE (préreatment, control, treatment and postreatment). Box plots were produced to illustrate
the mean and intequartile range for each biological paramet@ependent variablejor all focal
whales successfully tracked
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2.5.14

2.5.15

2.5.16

2.5.17

A repeated measures multivariate ANOVA was carried out to test the difference between the
phases of the CEEhere Hois that there is no difference between the different phasbksa doubly
multivariate repeated measures design, the dependent variables represent measurements of more
than one variable for the different levels of the withgubjects factors.

Although most of the dependent variables were normally distributed at all levels of the
independent variable (i.e. for each treatment type), two were positively skewed. Thus;hider
interval (IBI) was logransformed and intersequence interval (ISI) was reciprotansformed to
improve asumptions of normality A Kolmogoro¥Smirnov test of normality (with Lilliefors
significance correctionwas subsequently carried out for each dependant variable within each of
the four phases and the resulting test found that there was no significant difference from a normal
distribution and thereforeche ANOVA could be performed on this basis.

Away-speed

The five dependent variables used to characterise whale behaviour (IBRhetSswim speed,
deviation index and directness index) are scalar variables that describe the magnitude of a
response but nbits direction relative to the location of the ADD. Therefore, the awpged
parameter was derived as a measure of the directionality and longevity of an effect on whale
behaviour from the deployment of an ADD. As this parametmuld only becalculatedrelative to

the position of theADDfollowing activation the resulting values were produced for the treatment
and posttreatment phases only.

Away-speed, a@ SO0 2 NJ O NRA | 6 f S n& Spedd NHtravelyhxmh?) awaK fro $he a
ADD was estimate as follows (and shown graphicallyRigure2.9):

s 6 son oS EOORARBAARIAT ASS $EOOARBAART AT AS S
0 U Gien 22525 T ETMR A DO ARTAT A1 T x

Where blows is the lastblow observedmmediately prior to ADD&ivation and blow is the blow
that is being measured in each case.
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At blow after ADD (blows) at
14:21:50

Figure2.9: lllustration of the calculation of awayspeed relative to the ADD deployment location

The track of the focal whale is denatieby the orange (control phase), red (treatment phase) and

purple (posti NB I G YSYy G LIKIFaSuo tAySad ¢KS ydzyYo SNI @o pQ RSy ?2
GKS F20If 6KIfS 1 0StftSR WaAIKIGAYT odpQd

2.5.18 The figure above illustrates how awapeed was calculed relative to blow 4; and the calculation
is as follows:

CEUWPUOC T ¢ Wb
Komphpdo ™HoCDOoI
2.5.19 For eachfocalwhale, awayspeed was calculated for each surfacing event relative to the ADD i.e.

n RAaGlIYyOS 606ft2¢ n (G2 !550 yR 60f@oéw2mMoADY, ! 550 T
and so on, until all blowsecordedduringthe treatment and postreatment phases had been used

to estimateaway-speeds. A representativeaway-speed could then be summaed for each whale

by calculatinghe mean value for the different phases e.g. treatment and piosatment.

00O N 'Q'Q'Qp : L& TQAEQ

2.5.20 Note that if awayspeed was positive, the whale was considered to be moving away from the ADD
at a given net speed, whilst if awapeed was negative, the whale was considered to be moving
toward the ADDdeploymentsite.
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Effect of ADD on away-speed during treatment and post-treatment phases

2.5.21 The difference inawayspeed between the treatment and pos$teatment phases were
investigated using a paired samplesest. The paired sampldstest assumes thabbservations
are not independent of one another sindbe test is on the saméocal whaleduring different
phases of the CEE. The null hypothesis is that there is no difference inspwagt between the
treatment and posttreatment phase

2.5.22 To delve into more detail, the difference awayspeed offocal whdes was also investigated in the
first half of the treatment phase (T1) compared to the second half of the treatment phasel{T2).
this way, greater resolution could be provided on the point at which acceleration away from the
ADD, if any, beganMean vdues for T1 and T2 were estimated for edoleal whaleby averaging
the awayspeed across the first 50% of surfacing (blows) and the second 50% of surfacings. Again
a paired samples-test was performed to look for significant difference between T1 and T2

Multiple regression model

2.5.23 A backward stepwise multiple regression model was mnSPSSo look for environmental
covariates that may explain any variability in average aspged during the treatment phase for
the focal whales. This analysis assumest tfihe data are normally distributed and there is no
collinearity betweenindependentvariables.The test of multicdinearity showed that longitude
and day were both correlated with a number of other variables and therefore these parameters
were removedrom the model. Once this was done, thdlarearity wasresolved for the remaining
parameters as demonstrated by variance inflation factors (VIF) of less tifan 10

2.5.24 Theindependentparameters entered into the first step of the multiple regression modelre
therefore: time, latitude, depth, slope, distance from ADD, wind speed, SST and encounter rate.

Relationship between received sound levels and biological parameters

2.5.25 Analysis was conducted in order to explore the relationship between the variousdidal
parameters and received sound pressure levels. However, in general it was found that there were
insufficient data to derive any statistically significant relationships between received sound levels
and such parameters. This was compounded by fdoet that the vast majority of exposure
experiments were carried out at similar ranges between the ADD and mammal, meaning that the
majority of data collectedvere for very similar received sound levels.

2 A rde of thumb is that if VIF>10 then multicollinearity is high.
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3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.6

Resul ts
Subsea noise

ADD source characterisation

The Lofitech ADD was found to have a source sound pressure level of approximately
198dBre 1>t (rms)re 1 min this study. However, field measurements using the devices in other

studies have determined different source levels, foreX LJt S mdo R. rell® (Gordoat I 0 NIV 2
eta® HAMpPO | YR ™dTelR. (Braddiet an 2022, Brandeay, 4003).These values

are slightly higher than specified by the manufacturer, although the metric of the source(tegel

rms, Opk, pk-pk) was notstatedin the Y | y dzF | Ospetificatisd)see Appendix A).

The fundamental source frequenayas determined to be 14.6 kHz with lower level harmonics at
29.2 kHz, 43.6 kHz and 72.8 kiRzesumably there will also be higher ordearmonicswhich were
beyond the 80 kHz bandwidth of the measurement system, although the harmonics were all found
to be at a significantly lower level than the fundamental frequency and it is therefore unlikely that
these higheharmonics will be significarih terms of assessing the effects of sound emitted by the
device

Pulse length was found to be generally quite consistent across all measurements with an average
pulse length of 752ns'. The source characteristiase summarised iTable3.1.

Table3.1: Lofitech ADD source characteristics

SEL 197 dBre 1 pP%& 2.0 14.6
RMS sound pressure level 198 dB re 1 pPa (rms) 1.9 14.6
Peak sound pressure level 204 dB re 1 pPa (pk) 2.3 14.6

The frequency dependent curve that waerived was based on a combination of best fit to
measured data andonsideration ofstandard acoustic theoryi.e. empirical modelling)and was
represented by thesimplified algorithm:

wSOSAGSR [S@St I' { b b 23 w b hw
where S is theourcelevel(re 1m), R is the distance from source to receiver (m), Ncisedficient
2F 3S2YSGNROIf RAOGSNESYOS FyR b Aa I O28FFAOASY
The sound propagation coefficients derived f8r(-19) andh (-0.004)in the model resultedn a
propagation curve for the main source frequency of 14.6 kHz of:

RMS sond pressure level = 19819 log R; 0.004 x R (dB re 1 pyPa)

Thisis illustrated graphically Kigure3.1) and validated with drther analysis usingther semt
empirical sound propagation modsih order to confirm the derived source lev@ppendix C) The
graph here presents the sound pressuegels as rms as this is the metric most commonly used for
assessment of behavioural effects and therefore allows comparison with other studies, however,
a similar relationships also be seen if peak pressure or single pulse é@Eblotted using their
corresponding source levels
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3.1.7

3.1.8

3.1.9

Sound pressure level, dB re 1 pPa (rms)
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Figure3.1: RMS sound propagation curve for Lofitech ADOFaxafl6i Bay

There was an approximately inverse square decrease in sound pressure level (rms) at increasing
distance from the ADD source for the fundamental source frequency (14.6 kHz) at ranges close to
the source. This is shown {Rigure3.1) which is presented using a logarithmic scalée graph

also shows that molecular absorption and scattering of sound energy becomes increasingly
important at ranges further from the ADD gproximately >1km). This is because molecular
absorption of energy follows an approximately linear relationship (i.e. a fixed dB per meter) as
opposed to an inverse square relationship.

There was little observable difference in the sound pressure leegigrded over three depths (10
m, 20 m and 30 m) at each distance measured by the hydrophone (Cabie Appendix C)For
example, he values of sound pressure leveleasured agms, averaged across depths arad
distances from the ADD, were deriveidm TableC.1 in Appendix C as:

1 154.7+1.0dBre. 1pPa (rms) @ ~200 m
1 142.8+1.9dBre. 1pyPa (rms) @ ~600 m
1 136.1+1.6dBre. 1pyPa (rms) @GaD m
1 126.9dBre. 1pyPa (rms) @ 1,508 m

1 124.3 dBre. 1pPa (rms) @ 2107 m

Note that for the last two distanceshé sound pressure levels were only measured at one depth
(30 m). Tabl€.1 in Appendix C also presents the results of the measured sound pressure levels at
harmonicfrequencies (29.2, 43.6, and 72.8 kHz) and illustrates that the measured levels are lower
compared to the fundamental source frequency.

CARBON
TRUST 25



Understanding the Effectiveness of ADDs on Minke Whale (Balaenoptera acutorostrata), a Low Frequency Cetacean

3.1.10

3.1.11

3.2

3.2.1

PTS and TTS thresholds for minke whale

The souce peak sound pressure level was measure@@s dB re Pare 1 m which is below the
thresholds of 21@Bre 1 ePa(pk) for permanent threshold shift (PTS) art32I1Bre 1 ePa(pk) for
temporary threshold shift. It is therefore highly unlikelgased on currentNOAA guidelines
(National Marine Fisheries Service, 2026t the Lofitech ADD could result in instantaneous injury
due to peak pressure.

The potentialfor injurious effects to occur was also explored using cumulative SEL, as a much more
precautionary approach. Since ADD noise does not fall within the NOAA classification of impulsive
noise {Table 2.2), the thresholds for cumulative dose were 188re 1gP&s for PTS and
179dBre 1 eP&s for TTSFor threecumulative dosescenariosnodelled (starting distances &00

m, 100 m, and 25 m from the ADEhe noise modelled predictethat even for the scenario where

the whale was as close as 25 m from the ABre was no ex@edance of the PTS or TTS thresholds

for minke whale (Figure€.2, C.3 andC.4 in Appendix G Subsea Nise Modelling).

Minke whale visual observations

Search effort

Field work was conducted between August'land September 18. A total of 2800 km (31thours)
survey effort was carried out. Dung that time, 246 minke whales were sighted (showrFigure

3.2 below). Of those, 46ocal whales were tracked. A total of 23 tracks were greater than 30
minutes duration. Focal follows that included successful ADD deployment were carried out on 15
occasons.
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Figure3.2: Distribution of minke whale sightings within Faxafloi Bay during study peri&iue line
denotes the limit of the whale watching area.
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3.2.2

3.2.3

Whale response

Response maps

In all fifteendeployments, the focal animal moved away from the ADD deployment site following
activation of the unit(Figure3.3). An illustration of a tracked whale during the GEPprovided in
Figure3.4. These tracking maps were produced for efmtalwhale (Response Mps). Most focal
whales tracked dsplayed a clear and sustained movement away from the ADD deployment site
(Figure3.3). However, twdocal whale (whales 35 and 40) exhibited a net movement back tawa

the deployment site some minutes after the cessation of the ADD playback suggesting possible
recovery after 10 to 15 minuteis these cases

The initial ADD deployment protocol of activating the device at 500 m resulted in strong reactions
from the focal animals (se€igure3.3). In each case the animal moved away quickly, making
difficult to undertake post-deployment trackingin some instancesFor example, Fa whales
numbered 2, 10, 16, and 19 were exposed to ADD playback at 500 m, and disappeared rapidly
(Figure3.3). Subsequent to modification of the protocol and actiien of the ADD at DO0m, post
deployment tracking became possible, allowing a more complete picture of focal animal behaviour
to be gained.
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Figure3.3: Graph illustrating the distance of focalhalesfrom the ADD deployment site during
treatment and post treatment phases of the CEE. The red dashed line indicates the end of the
treatment phase.Note for some whales exposed to the ADD at 500 m, a single dot is marked on the
graph indicating that theseanimals disappeared too quickly to be tracked over the full CEE.
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3.3 Data analyses

Summary data for biological parameters

3.3.1 For mostfocal whalesthere was little discernible change in the ISl over the course of the
experiment although, on average, there was a slight increase inu&l the treatment and post
treatment phasegqFigure3.5). Focal whales 19 and 22 were exciepis to this, both exhibiting a
more dramaticincreasein ISI during the treatment phase, and in the case of whale 19, also during
the posttreatment pha® (Figure3.6).
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Figure3.5: Bar graph showing Inter Sequence Interval (ISI) for the whole treatment group. Error bars
are 95% Confidence Intervals
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Figure3.6: Mean Inter Sequence Interval (ISI) for each focal whale tracked during the different
phases of the CEE.

~ -
Canlion e
RPS E o
TRUST 29




Understanding the Effectiveness of ADDs on Minke Whale (Balaenoptera acutorostrata), a Low Frequency Cetacean

3.3.2 The mean IBI of focal whales showed an increase duringrdegment phase and appeared to
return to baseline levels during the peseatment phase Figure3.8) The increase in mean IBI may
be driven by the more extreme reaction of a subséfocal whales, whilst other individuals showed
no apparent changes in IBI during the treatment phaSigre3.8).
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Figure3.7: Bar graph showing InteBlow Interval (1B) for the whole treatment group. Error bars are
95% Confidence Intervals.
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Figure3.8: Mean Inter Blow Interval (IBI) for each focal whale tracked during the different phases of
the CEE.
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3.3.3 A marked increase in meamet swim speed(i.e. net movement between pointsyas observed
across all focal whales, with the greatest difference between the control and treatment phases
(Figure3.9). All focal whales showed similar respon&egneannet swim speed during the CEE
(Figure3.10).
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Figure3.9: Bar graph showingnet swim speedkmh?) for the whole treatment group. Error bars are
95% Confidence Intervals.
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Figure3.10: Mean net swim speedkmh?) for each focal whale tracked during the different phases
of the CEE.
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3.3.4 The mean deviation index did n@ppear to vary much across the different phases of the CEE
(Figure3.11). During the treatment phase, however, there wastable variation in the deviation
indices of different focal whales, with some individuals show more erratic behaviour (high
deviation index) compared to other&igure3.12).
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Figure3.11: Bar graph showing deviation index for the whole treatment group. Error bars are 95%
Confidence Intervals.
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Figure3.12: Mean deviation index for each focal whale tracked duritige different phases of the
CEE.
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3.3.5 In contrast to the deviation index, there was a notable increase in the directness index of focal
whales during the treatment phase suggesting directed movement (in all cases away) from the ADD
source Figure3.13). Notably, there was also a smalériation in the deviation index between
individual whales suggesting that this was a consistent response across all focal Wihédessult
was fairly consistent across all focal whales, with only a few instances where the directness
decreased from the control phase to the treatment phafég(re3.14).
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Figure3.13: Bar graph showing directness index for the whole treatment group. Error bars are 95%
Confidence Intervals.
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Figure3.14: Mean directness index for each focal whale tracked during the different phases of the
CEE.
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3.3.6

3.3.7

Variation in biological parameters over the phases of the CEE

Box and whisker plots showing the mean and interquartile range for each of the biological
parameters stimated during the CEEsimmarise the responses of the focal whales across the
different phases of the CHEigure3.15). The plots show very little difference betwa the pre
exposure and control phases. The only difference here was that the secondary vessel had not been
deployed and manoeuvred into position for the pegposure phase and therefore comparison
between pre and control will only highlight any effect ttie secondary vessekor this reason the
pre-exposure phase was omitted from ANOVRosttreatment was also omitted from thANOVA

since not all whales were successfully tracked during this time and therefore including this phase
would mean decreasinghe number of subjects that could be included in the analySismmary
statistics for five biological parameters measured durthg control and treatment phaseare
provided below Table3.2).

Table3.2: Descriptive statistics for the five dependant variables analysed in the ANOVA

Variable Mean Std.Dev Minimum Maximum N

IBI (control) (s) 22.4 5.9 15.1 36.1 15
IBI (treatment)(s) 354 21.0 15.3 80.0 12
ISI (control)s) 238.2 59.5 134.0 344.1 15
ISI (treatment)s) 282.6 98.1 206.0 489.0 12
Speed (controljkmh?) 8.4 1.9 4.2 12.1 15
Speed (treatment{kmh) 15.1 4.7 6.6 21.4 10
Deviation index (control) 76.6 12.4 56.3 102.7 15
Deviation index (treatment) 79.0 36.5 10.2 133.6 9

Directness index (control) 51.6 23.2 7.8 85.1 15
Directness index (treatment 78.6 15.6 56.7 99.8 9

Results of the repeated measures ANOGAwithin-subjects effects found a significant difference
in whale behaviour between the control and treatment phases (Glokal=+8.74,p = 0.028).
Subsequent univariate tests for withisubjects effectsshowed thatthe variables representing
speed amnl directness index varied significantly between control and treatment trateble3.3).
Estimates of partial ETA squared suggest nearly 81% of the variability Ie sgeed is due to the
independent variable (i.e. treatment type)

Table3.3: Univariate tests for withinsubjects effects in the repeated measures ANOVA

VEUE][E Type Il SS Sig. Partial Eta squared
IBI 0.002 1 0.165 0.695 0.020
IS 0.294 1 0.728 0.418 0.083
Speed(kmh?) 246.4 1 33.216 0.000 0.806
Deviation index 1.027 1 0.001 0.971 0.000
Directness index  3695.1 1 5.701 0.044 0.416
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3.3.8 There were some outliers in the datagshow inFigure3.15). The outliers often relate to the small
sample size and the variation in behaviour from one whale to another. The only extreme outlier
(more than three tnes the interquartile range) in the dataset was an estimate of mean isikw
AYGSNBIf RdzNRyY 3 | focsllwhadeR4an thie Kdxgdot; FighraIK18) .60 it is lkely
that outliers in this study may represent genuine individual variation, removal of outliers was not
O2Yy&aARSNBR Iy FLILINRPLNRAFGS FOGA2yd 2KSy O2YLI NRy3
extreme outlier mentioned above is not an iss
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Figure3.15: Boxplotsof all levels of the independent variable (treatment type) for the five
dependent variables. Outliers (more than 1.5 times the intprartile range) are represented by
circles along with the relevant case number; extreme outliers (more than three times the-inter
guartile range) are represented by asterisks
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3.3.9 These resultsf the repeated measures ANOBAggest significant differences between the control
and treatment phass but not the exact nature of these differences. Theref@asthoc pairwise
comparisons were calculated with Bonferroni corrections to identiyy changes that were
200dzNNAYy3I Ay GKS GNIO1SR 6KItSaQ oS wudigmendeNID C2N
speed of travel, Wales were, on average, increasitftgir net swim speeds by 7.4 Kmt when
exposed to the ADD treatmer{Table3.4). Similarly, the raan directness index increased by 28,
ddzZ33SadAiy3a GKIFIG GKS LI GK 2F (GKS gKIfSaQ GNI @St ¢
the ADD Table3.4).

Table3.4: Posthocpairwise comparisons between control and treatment tracks for each of the
dependent variables (significance estimates wiahBonferroni correction

Variable Mean difference Std Sig. 95% CI 95% ClI
(control ¢ treatment) Error (lower (upper
bound) bound)
IBI 0.951 1.135 0.695 0.711 1.271
ISI -3.906 3.333 0.418 -1.057 2.299
Speed(kmir?) -7.400 1.284 0.000 -10.361 -4.439
Deviation index 0.478 12.909 0.971 -29.289 30.245
Directness -28.656 12.002 0.044 -56.311 -0.980
index
Away-speed

3.3.10 When comparing thenet swimming speeds of whales in tlrepeated measures ANOV&ection
0), speed was found to increase significantly between the control and treatment phases after the
activation of the AD.Fornet awayspeed only the treatment and podgteatment phases could be
compared and a small increase in awspeed going from the treatment to the posteatment
phases of the CEE was found (mean differenc®.21, SD = 1.28Figure3.16). The repeated
measuret-test found that this difference was not significat) =-0.236, p =0.822(Table3.5).
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Figure3.16: Box plot showing mean and intequartile range fornet away-speed(kmh?) estimated
for all tracked focal whales during theréatment and posttreatment phases of the CEE.
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Table3.5: Repeated measurestest for the difference in awayspeed(kmh?) between treatment
and posttreatment phases.

Mean S.D. S.E. 95% ClI 95% ClI df Signif.

difference (lower)  (upper) (2-
tailed)

Treatment -0.11 1.28 0.49 -1.30 1.07 -0.236 6 0.822
VS post
treatment

3.3.11 A plot ofnet awayspeed against time elapsed suggested that the most pronounced changes in
awayspeed occurred durinthe 15 minute treatment phase~fgure3.17). Therefore an additional
comparison of awaygpeeds was made by comparing the first half of values measdueing the
treatment phase (T1) with the second half of values within this same phase (T2).

3.3.12 A summary of thenet awayspeeds recorded during treatment, control and T1 and T2 is provided
in the following table Table3.6).

Table3.6: Descriptive statistics fonet away-speed(kmh) measured during each tracking phase.

Tracking phase Mean S.D. Minimum Maximum N
Treatment 3.4 1.8 1.2 6.0 7
Posttreatment 3.5 1.1 1.8 5.1 7
T1 2.8 4.1 0.0 13.1 9
T2 6.4 5.0 1.7 16.8 9
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Figure3.17: Variation in the vectomet away-speed(kmh?) over time during the treatment and

posttreatment phases of the CEar the different focal whalesThe two halves of the treatment
phase (T1 and T2) are denoted by the red dotted lines.
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3.3.13 There were only two notable outliers in the dataset, caused by elevated ®pagds measured
from the track of whale 24 during the treatment phadeidure3.18). As it is likely that outliers in
this study may represent genuine individual variation, removal of outliess nwot considered an
appropriate action. When making the overall comparison between the treatment and-post
treatment tracks, however, these outliers were not problematic

3.3.14 The repeated measurdstest found that awayspeeds were significantly higher (on aage, 3.53
+ 2.53 knn! faster) in the second half of the treatment phase compared to the first Hé#) (=-
4.19, p = 0.003)Table3.7). This suggests thattherai | y Wl OO0St SN} GA2y LIKI asSQ
once it has been activated and that whales typically accelerated away from an active ADD during
the treatment phase before reaching a steady avepeed of 6.4 ki
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Figure3.18: Box plot of awayspeed (knh™?) measured during the first and second halves of the
treatment phase (T1 and T2 respectiveln extreme outlier (more than 3 times the intejuartile
range) in T1 is represented by an asteriski additional outlier (more than 1.5 times the inter

quartile range) in T2 is represented by a circle along. Both outliers are derived from the track of
focalwhale 24

Table3.7: Repeated measurestests for the difference inaway-speed(kmh?) between the first half
(T1) and second half (T2) of the treatment phase

Paired Mean S.D. S.E. 95% CI 95% CI t

test difference (lower)  (upper)

Tlvs T2 -3.53 2.53 0.84 -5.48 -1.59 -4.190 8 0.003

3.3.15 The backwards stepwise multiple regression model looking at the effect of environmental
parameters on average awapeed during the treatment phase found that the best predictors
were: time, distance to the ADD, depth and slopes(E17.394 p = 0.M8). Thiswas the 4" model
in stepwise sequence, the previous three having dropped latitude, SST, and wind speed
respectively. The finahodel (model 4)explained 8.2% of the variancéR?) in awayspeed in
whales Table3.8).
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Table3.8; Results of multiple linear regression for thHimal model

Model R R? Adjusted B Std. Error of the Dubin-
estimate Watson
4 0.991 0.9& 0.901 1.302 2458

3.3.16 All the coefficients, with the exception of slope, were significant in the final model, indicating that
slope is a less important feature in explaining avemged, however, since the standardised
coefficient is large for slope (0.385) it is still considEte be relatively important in the overall
model.

3.3.17 Standardisedoefficients and the associated significance levels suggest that distance from the ADD
is one of the best predictorsf awayspeed [Table3.9). The unstandardised coefficient shows that
for every 100 m closer to the ADD depment site there is a 0.89 Kmrl increase in awagpeed,
assuming all other variables are held constantncdinter rate also rarkhigh in the model,
although the change in awagpeed is very small, such that for an increase in encounter rate of 1
animal for every 10 km of search effort tlaavay-speed increases by 0.9 km, when holding all
other variables costant (Table3.9).

3.3.18 The multiple regression model also found that awspeed decreased witincreasing: i) depth (for
every 1 m increase in depth a decrease of 0.1h¥)nii) slope (for every % increase in slope a
decrease of 2.78 kmb; and iii) time of day (for every hour later in the day a decrease of 0.86 km
1) (Table3.9).

Table3.9: Coefficients in the multiple linear regression for the final model

Unstandardised Standardised Collinearity
coefficients coefficients statistics
Std. error Sig. Tolerance

(Constant) 30.851 4.096 7.532 0.002
Time -0.857 0.185 -0.518 -4.625 0.010 0.875 1.143
Depth -0.101 0.027 -0.422 -3.758 0.020 0.871 1.148
Slope -2.780 1.163 -0.385 -2.391 0.075 0.423 2.364
Distance fromADD -0.008 0.002 -0.816 -5.387 0.006 0.479 2.088
Encounter rate 0.089 0.019 0.523 4.785 0.009 0.920 1.087

Relationships between received ADD sound levels and biological parameters

3.3.19 As discussed previously, there was limited ability to undertake detailed analytsie oflationship
betweenreceived sound pressure levedad biological response parameters. This is because:

1 There were a limited number of treatment experiments; and

1 The treatment experiments were generally started with a similar range between the ADD
and mammal, meaning that amals were exposed to similar sound levels during each test.

3.3.20 The above factors mean that most tests were conducted with maximum sound pressure levels in
the range 130 to 140 dB re 1 pPa (rnf@gcording to the noise propagation modaljth only one
animalbeing treated at a lower level and one at a higher levEigure3.19 shows a comparison
between the received sound pressure level and percentage change in diredimsesx. Whilst this
does show an apparent increased reaction at higher SPL, this is based on limited data and some
caution should be exercised in interpreting these results.
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Figure3.19: Plot of percentage change in directness index vs. maximestimatedrms sound
pressure level to which animal was exposed during the test.
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4

4.1

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

Di scussi on
Effectiveness of the Lofitech ADD on deterring minke whale

Invoking a deterrence response

Centrali 2 GKS ARSI 27F WSTFSOUALGSYySaaQ 2 Proxinkpto! 553
piling that may result in injury. The objective within this study was to examine whether thisl cou

be achieved over a minimum @& 500 m mitigation zone, typicallutilised during construction
projects following the JNCC guidelines (JNCC, [2@1h@ 201@). A given ADD unit may have
capability beyond this range, but in order to be considered fit for purpose, that range must be kept
clear prior to the onset of the nee-producing activity (e.g. pitdriving). The results presented

here demonstrate that the Lofitech ADD modifies the behaviour of -fieagging minke whales at

both 500 m and D00 m.In this Controlled Exposure Experimd@EE)the trackedminke whales
demonstrated a significarincrease imet swim speed, and a significaimcrease in the directness

of their movementduring the treatment phase of the CEE (i.e whilst the ADD was activated)

Of all the biological parameters measured, the greaeféect of the ADD deployment appeared to
be on net swimspeed and directness. There was a marked increasetiswim speed during the
treatment phasewith focal whales increasing theiet speed by 7.4 knthcompared to the control
phase.The meannet swim speed decreased after treatment but was still, on average, higher
compared to the control phase. Summary statistics showed that the nmeaswim speed for the
treatment phase was 15.1 + 4.7 krkh This is faster than thesssumed fleeing speed of nke
whalescurrently used in many acoustic modefigr pile-driving, which isa conservative 1.5 mis(=
5.4kmh) based onOtaniet al. (2000). It is also faster than otheommonly citedswim speeds for
minke whalesuch as 3.28ns?! (=11.7 kmh') based m the work by Blixand Folkow(1995) or 4.5
knots (=7.4 km#) following Stern (1992)Theseresults suggest that the conservative assumptions
used in acoustic models should bevisited as knowledge on swim speeds is improwdthough
noting thata certain level of precaution is still necessary siaceustic modelgommonly assume
that animalsmaintaina constantdirectional movement, fleeing perpendicultr the noise source
which may not be caseThus, it is important to take account of bottvisn speed and directionality.

It is therefore encouraging that there was also found to be a significant increadeeictriessfor

minke whales exposed to the ADD during the treatment phase. On average the directness index
increased by 28, with the mearalue estimated during the treatment phase as 78.6 + 15.6. Scored
out of a possible 100, this demonstrates that the focal whales exposed to the ADD were responding
with directed movements away from the ADD.

Furthermore estimates ohet awayspeed mdasure ofnet speed and distance from the ADD
source)indicated that whales consistently moved away from the site of the ADD deployraendt

had significanty highernet speed during the second half of the treatment phas€hissuggests

that the focalwhalescontinued toincreas their speed when exposed to the sound of an ADD
playback, up to a speed that they then maintain while swimming in a direct line that reduces their
exposure to the aversive sound.

Further assessment of the aw&peed response ofthe focal whales found that a number of
environmental parameters were able to significantly explain an increase or decrease in away
speed. Distance to the ADD was the most significant of these predictors and the results suggests
that whales are respondingrore strongly the closer they are to the deployment site (i.e. their
awayspeed increases with decreasing distance to the ADIDwas hypothesised that this was
most likely due to the higher sound levels received at closer range, however, the smalenoib

data points for whales exposed to the ADD at closer ranges meant that this was difficult to
statistically validate.
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4.1.6 Depth and slope also influence how a whale may respond to the ADD. As both aleghtiope
increasel so thenet away-speed of whalesvas found to decreasat is possible that this could be
due to the increasing depth leading to more rapid decay of soundtdypeopagation over distance.
In other words, the larger distance between the bounding layers of the surface and bottom
providest 3INBF G§SNJ @2t dzYS 23SNJ ¢ KA OKHovieves it ia Bkelgythat Sy S NA &
this effect would be minoover the distances concerned is alsopossiblethat this could be a
behavioural effecteither due to natural response to the changes in tlaimals surrounding
environment i.e. if animals move deeper naturally in response to an increase in depth the distance
travelled in a horizontal plane could reducer that a flight response results in the animal
deliberatelymoving to deeper water

Effectiveness of ADD in the context of background noise

4.1.7 The vast majority of research relating to both physiological effects and behavioural disturbance
due to noise on marine species is based on determining the absolute noise level for the onset of
that effect. As a resultinethods and criteridor assessing the effects of noise on marine mammals
and fish tend to be based on the absolute criteria, as opposed to the difference between the
ambientnoise level and the specifsoundbeing assessefe.g. Southalét al., 2007)

4.1.8 It is important to note that there is a paucity of scientific understanding regarding how various
aLISOASa RAaAlGAYy3IdzAaK FYGKNRLR2ISYAO &a2dzyR NBf | GA D!
sound is likely to depend on numerous factorslirding the hearing integration time, the character
of the sound and hearing sensitivity. It is not known, for example, to what extent marine mammals
can detect tones of lower magnitude than the background masking noise or how they distinguish
time varyirg sound. Therefore, it is necessary to exercise considerable caution if attempting any
comparison betweernihe ADD source noisend themasking ambienhoise level. For example, it
does not follow that because the sound pressure level due to the sourtwlm®nsidered is below
the numeric value of th@mbient noisdevel that this means that marine mammals cannot detect
that sound. This is particularly true where the background noise is dominated by sound which is
2dzi aARS GKS FyAYlrg@dityN} y3S 2F 06SadG KSI NA

4.1.9 Generalised ambient noise spectra attributable to various noise soyesnz 1962are shown in
Figure4.1.
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Intermittant and Local Effects Re-drawn from Wenz, (1962)
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Figure4.1: Generalised ambient noise spectra attributable to various noise sout®enz 1962)

4.1.10 It can be seen that noise levels are generally dominated by sources of a low frequency character.
Whilst it is possible that higher wind and rain noise could increase the masking level in the region
of the ADD frequency it is unlikely that, for example, noise from vessels would produce any
significant sound energy in the same frequency region asAb®. Consequently, it is considered
unlikely that higher ambient noise conditions on wind farm sites would significantly affect the
effectiveness of ADDs as a mitigation measure, subject to the limitations discussed above relating
to paucity of data on mane mammal sound perception.

Biological effects of ADD use

4.1.11 Originally intended for use in the fish farm industry, ADDs were designed to emit unpleasant
sounds in the sensitive range of hearing of seals, but with no intention to have any biological
significance to sealsGiven the consequent success of such devices to deter other species, and
potential applications to other industries, it was necessary to explore, in this study, whether there
is potentially any biological significance for minke whale irpEmying ADDs as mitigation devices.

-
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4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

4.1.18

To this end the study investigated whether ADDs, throegiposure to peak pressure levels or
through cumulative sound exposureanlead to PTS or TTS in minke whaBoth peak pressure
and cumulative dose were fount® be lower than the NOAA thresholds at which the onset of PTS
and TTS could occur. Even based on the nppesautionarycumulativeapproachg¢ assuming a
starting distance of 25 ma conservative estimate for swim speed of 2.5 tand an ADD
deployment diration of 30 minuteg; the cumulative noise model found that there was realistic
potential for inducing any kind of auditory damagk.was also found thaauditory damagevas
unlikely to occur even for much lengthier deployments such as 1 or 2 hawfub®©D use This is
because the main exposure occurs during the first few tens of pulses uponugiamith the
exposure due to each pulse reducing as the animal swims away.

Having established that injurious effects aret predictedto occur, the fundaental question that
needs to be asked is whether the introduction of ADD use as a mitigation measure significantly
increases the risk of disturbance (compared to piling or piling and soft start only) and then whether
the benefits outweigh any such increasn disturbance.Disturbance has the potentiab cause
detrimental biological effects on marine mammals, including reduced feeding, cessation of
vocalisations, interruption of breeding behaviour, startle responses and displacement from key
habitats. Thee in turn may lead to physiological effects which may then affect marine mammal
populations e.g. increase in mortality or decrease in fecundity.

The use of ADDs as a mitigation method relies on the premise that marine mammals will be
disturbed enough tdeave the area on hearing the ADD signal. It is therefore relevant to consider
potential disturbance from using ADD and whether this represents an acceptable balance between
0KS adzy ¢l yiSR aARS SFFSOGae¢ IyR o0SySTradao
Previous studies have determined thamarine mammal disturbance occurs within tens of
kilometres of impact piling activities. Consequently, the starting point for comparison is one where
potential disturbanceleading to likely avoidances already likely to occur.Given, that the source
sound pressure level due to ADD use is significantly lower than those produced during impact
piling, it is considered likely that the zone of disturbance due to the piling itself will be significantly
larger than that due to the use of ADDs. Consequetlilg,primary effect of introducing ADDs is
that there is a slightly longer period when disturbance occurs compared to piling alorieng a

pile is likely to take several hours at a timend thereforeit is considered unlikely that any
additional peria of disturbancedue to ADD deploymenwould be significant.

Injury is considered to be a more severe impact than disturbareeause disturbances likely to

be temporary. Consequently, on balance, igenerallyconcluded that the benefits in terms of
reducing the likelihood of injury far outweigh the slight increase in time over which disturbance
may occur On a projectspecific basishowever, the effects of disturbance, including any arising
from deployment of ADDs, must be investigated, particulamlyespect of EPS legislation, under
which it is an offence to deliberately disturb wild animals of an.EPS

Deriving a severity scale for minke whale

To assess and quantify any adverse behavioural effects of noise exposure, a metric for the impact
such clanges might have on critical biological parameters such as growth, survival, and
reproduction is required. The severity scale of SouthtHl. (2007) was designed to provide some
analytical basis for assessing biological significance using the besttdeaiidence from scientific
literature. Establishing a severity score is meant to differentiate between minor and/or brief
responses (€3), those that could affect foraging, reproduction or survival@4 and those (g9)

that could be considered likelp affect vital rates AppendixE ¢ Southallet al. (2007) Behavioural
Response &rerity Score Tablg. Although developing severity scales in this way is inherently
constrained by our limited understanding of the effects of external influences on-faeging
marine mammals, it does provide a rudimentary framework for assessing the relative biological
importance of behavioural responses.

Williamset al. (2014) derivedca number of response variables similar to those used in the ADD
study from a study of killer whale behaviour in response to vessel traffic. In that study, minor,
moderate and extensive changes in any given variable were defined as follows:
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No dhange: @10%(response score 0);

1

1 Minor charge: 1&¢20% (response score3);

1 Moderate chamge: 26;50% (response scored); and
1

Extensive change: >50% (response score 5).

4.1.19 For the purposes of this study, the same classification scheme was used for the variablegyrelati
to net swim speed, dive profile (IBI & ISI) and path predictability (deviation and direction indices).
In addition, the awayspeed variable was used to provide evidence of both moderate and extensive
avoidance as summarised Trable4.1.

Table4.1: Severity scale used in this study (following Southetlial., 2007 and Williamst al., 2014)

Response score % change in gien variable(s) Corresponding behaviours

0 0¢ 10 (any variable) No change in any response variables

1 10¢ 20 (deviation or directness) Brief orientation response

2 10¢ 20 (IBI or ISI) Minor changein dive profile
10¢ 20 (deviation or directness) Multiple orientation behaviours

3 10 ¢ 20 (speed, deviation ol Minor change in locomotion speec
directness) direction and/or deviation
20¢ 50 (1Bl or ISI) Moderate change in dive profile

4 20¢ 50 (IBI, ISI, speed, deviation « Moderatechange in locomotion speec
directness) direction, deviation and/or dive profile

5 >50 (IBI, ISI, speed, deviation Extensive change in locomotion spee
directness) direction, deviation and/or dive profile

6 As for response score 5 plus £0 Minor or moderate avoidance
50 (awayspeed)

7 As for response score 5 plus >! Severe and/or sustained avoidance
(away-speed)

4.1.20 The parameters measured from eafdtalwhale are summarised ifiable4.2. Estimates of inter
blow interval, intersequence intervalnet swim speed, deviation index and directness index could
be made from all tracking sessions; estimates of asaged could only & made for the treatment
and posttreatment phases. These variables were used to derive a severity score forfeezalh
whale following the criteria iMTable4.1; these are summarised ifable4.2. Following Southakt
al. (2007), only a single response nedd be observed to derive the corresponding score (i.e. not
all behaviourhresponses need be observed). If multiple responses were observed, the one with
the highest score was used to derive the severity score.
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4.1.21 Of the 15 tracks analysed, severity scores could be derived fdoda whales. For six of the
animals successfully tracked at the start of the study, there was no @pagd recorded and this
has an effect on the final severity score. Thisis because the-ap@gdscore is the deciding factor
for increasing the severity score from a 5&@® or 7. Thus, it is important to note that for animals
without an awayspeed recorded, the final score represents a minimum value only. Indeed, if the
tracking graphsare examinedor these first six tracked whalgRkesponse Mps9), it can be seen
that all focal whales successfullytracked during the treatment phase (i.e. #2, 19, Zflicited an
avoidance response, so on thissis the severity score for trackdédca whales should be 6 or 7
according to the definitions.Other focal whales listed inTable4.3 without an awayspeed were
those that were lost during the control phas It is possible thathese whales also exhibited
avoidance responses. As these whales were tracked in almost optimal environmental conditions
(i.e. low sea states with good visibility), it is more likely that the whales were lost due to sudden
changesin behaviour (such as rapidly leaving the area) than an alternative explanation that the
observers were unable to see them even though they had remained in the area.

4.1.22 Ofthe animals where an awagpeed was recorded (#34, 35, 37, 39, 40. 45 andwé of the tracks
(#37 and 39)showed sustained avoidance, expressed in a continued increase in-svesyl
throughout the posttreatment phase; these tracks were classified with a severity score of 7.
Another twofocal whales (#35 and 40) showed minor or moderateoédance, characterised by a
slightly lower percentage change in awsgeed. The remaining three successfully tracked animals
during the treatment phase (#34, 45 and 46) all scored a 5 on the severity scale. Examining the
tracking mapsResponse Mp9, it can be seen that whales #34, 45 andidiially moved directly
away from the ADD in an avoidance response but then during-freatment, changed ttection
to move perpendicular to the direction of travel away from the ADNIbte that if we were to use
the awayspeed calculated as the difference between the first and second half of the treatment
phases (T1 and T2), the % change would be greaterteréfore lead to an increase in the severity
scores from 5 or 6 up to a score of 7.
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Table4.2: Summaryof behavioural variables measured; IBI = intblow interval, I1SI = intesequencenterval, speed =net swim speed, dev_ind = deviation index,
dir_ind = directness index and away = awapeed. Where available, the upper value represents the average; the lower value represents the standard dewation (
denotes an estimate made from argjle measurement for which no standard deviation is available).

Pretreatment Control Treatment Posttreatment
WhalelD 1Bl ISI Speed Dev_ind Dir_ind IBI ISI Speed Dev_ind Dir_ind 1Bl ISI Speed Dev_ind Dir_ind Away IBI ISI Speed Dev_ind Dir_ind Away
2 16.9 162.2 8.8 74.2 7.1 21.3 184.6 7.2 79.5 7.8 15.7 2225 6.6 51.0 871 17 22.0
114 454 7.2 13.0 110.0 5.9 7.5 82.2 3.2 2.7 17.0
10 24.8 1555 8.8  45.2 72.3 30.3 180.3 7.1 62.8 56.0
186 339 65 249 550 43
16 24.2 223.8 85  33.8 92.4 26.3 305.3 9.2 56.3 43.0 49.5
111 248 43 151 1148 7.6 31.8
19 18.8 319.7 8.8 91.1 735 19.3 311.7 7.0 74.6 80.2 61.0 482.0 8.5 1.1 818.0
64 1066 7.1 54 1122 41 - - -
22 18.4 267.7 9.4 92.8 51.9 18.7 247.6 6.5 94.4 42.0 489.0
108 656 131 132 224 51 -
23 27.2 175.1 9.2  89.7 40.4 20.6 169.1 8.5 67.8 51.3 80.0 282.0
168 460 54 129 524 51 - -
24 33.2 156.3 95 851 27.9 36.1 134.0 9.1 73.0 16.9 52.5 207.3 21.4 10.2 99.8 149 55.5
229 346 71 263 291 79 259 606 9.0 2.6 35
34 15.0 256.7 17.5 89.3 71.6 19.3 242.0 106  84.9 63.2 15.3 232.0 14.1 100.1 99.2 6.0 16.3 319.1 6.7 70.8 87.1 34
43 359 149 173 540 69 29 - 0.1 103 18 2033 3.9 1.0
35 16.9 287.0 20.9 83.4 25.6 20.2 2279 8.3 76.6 40.6 22.9 206.0 17.9 88.5 578 3.1 28.3 235.7 16.5 69.9 253 34
50 220 157 59 536 84 94 1175 155 2.9 230 1272 10.3 2.2
36 23.2 279.0 11.4 82.0 48.4 15.1 344.1 121 77.9 51.8
154 1184 93 35 550 7.9
37 26.2 269.6 10.0 66.2 62.7 30.7 213.3 4.2 80.1 85.1 26.0 268.0 149 79.6 79.2 25 14.5 278.7 8.9 75.7 68.4 3.7
215 1166 10.1 181 628 21 136 716 17.9 2.9 24 1031 5.6 0.3
39 19.6 263.0 12.7 79.6 65.1 18.0 294.0 9.6 87.5 75.2 20.2 278.7 15.3 133.6 70.6 1.2 16.8 314.7 16.1 96.8 67.2 2.4
77 473 95 52 744 65 38 1344 132 17 34 1066 12.8 0.3
40 21.0 311.3 10.4 88.0 18.6 20.5 247.6 8.0 65.9 81.7 17.0 249.3 141 86.0 75.5 1.5 17.9 1742 151 1042 6.2 1.8
79 369 82 48 436 50 17 1191 93 0.2 48 557 129 0.5
45 21.3 273.7 13.6 108.8 53.7 16.7 271.4 9.0 102.7 275 37.9 2275 142 533 81.2 4.7 19.0 250.2 13.5 98.1 33.5 51
75 526 128 621 6.9 612 88 279 786 97 4.0 53 286 9.2 0.9
46 16.6 259.8 6.7 57.8 90.0 23.2 200.5 9.4 65.3 51.2 26.2 246.3 17.3 1089 56.7 45 15.2 275.0 10.1 73.6 735 45
2.2 59.7 3.5 10.7 101.2 5.7 19.0 123.0 11.7 0.7 1.9 24.4 5.8 0.7
Global nean 21.5 244.0 11.1 77.8 53.4 22.4 238.2 8.4 76.6 51.6 35.4 282.5 144 79.0 78.6 22.8 333.2 12.4 84.2 51.6
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Table 4.3; Percentagechange in estimates of behavioural variables between the control and
treatment phases (except for awagpeed which is derived by comparison of tfiest half of the
treatment with the second half of the treatmenphase). For all variables except awapeed only the
absolute values were considered (i.e. either an increase or decrease of 26% inbiotgrinterval
would be considered a moderate change of-80%); for awayspeed, a decrease was considered to
represent no change and thus not constitute an aglance reaction. Subsequent severity scores are
derived following the rationale ofTable4.1.

% Change Whale ID

Control- treatment 2 10 16

IBI -26 89 216 289 45 -20 13 -15 12 -17 127 13
ISI 21 55 97 67 55 -4 -10 26 -5 1 -16 23
Speed -9 21 134 33 115 259 59 76 58 83
Deviation index -36 -86 18 16 -1 53 31 -48 67
Directness index 1018 491 57 42 -7 -6 -8 195 11
Awayspeed -44 11 50 108 26 8 -1
Min. severity score 5 5 5 5 5 5 5 6 7 7 6 5 5

Implications for other low frequency cetaceans

4.1.23 It is notable that the fundamental frequency of the Lofitech AiB@utside the theoretical range
of best hearing sensitivity of minke whal@&gurel.2), although within their hypothesised hearing
range. The results of this styadonfirm that minke whalgcan hear and do respond to sounds at
this frequency (c.15kHz) whichchallengeswhether their hearing sensitivity is better than
hypothesised byKetten and Mountair(2011)at this frequency.

4.1.24 There is gpaucity of data relating to low frequency cetacean hearing in general, with available
audiometric data being derived theoretically rather than measured. Thus, for example, the hearing
weighting functions in the NOAA guidelines are derived based on a combinati@vailable
theoretical studies(Houser, Helweg, and Moore 2001; Cranford and Krysl 2@b%d) further
theoretical predictions.

4.1.25 Given the scarcity of audiometric data, it is difficult to make any firm conclusions about possible
implications for other low frequency cetaceans. HoweWsrooking at the composite audiogram
curves presented ifrigure4.2, it is clear thatthe fundamental frequency of c. 15 kHz is within the
hearing range of all of the hearing groups. Clearly, further research needs to be carried out on
individual species in orddo confirm its effectiveness as a deterrent device for species other than
minke whale. However, the fact that the frequency used is potentially audible to a wide range of
marine mammals could theoretically mean that the Lofitech device could have ardatesffect
on a wide range of species.
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Figure4.2: Comparison of NOAA (2016) hearing weighting curves and Lofitech ADD fundamental
frequency Key: LE Low Frequency cetaceans, MMid Frequency cetacass, HFHigh Frequency
cetaceans, PW Pinnipeds in Water, OV Otariids (and other norphocid marine carnivores) in
Water.

Recommendations on the use of ADD in the offshore wind industry

Theseresults suggest that ADD can be used as an effective mitigation measure for minke whale for
the offshore wind farm industry to reduce the potential for injurious effects from piliBgsed on

the results of this study a number of recommendations can bedenavhen considering the
application of ADDs as a mitigation tool

Type of ADD device

The device tested in this study was the Lofitech ADD and together with the results from other field
trials (see sectionl.3), it can be considered to be successful multspecies mitigation toofor
minke whale, harbour porpoise, harbour seal and grey.s@tilst thefrequency components that

the Lofitech device emits areutside the theoretical range of best hearing sensitivity minke
whale, this study demonstrated thatll ofthe focalwhalesrespondedto the received sound levels
during ADD activationTherefore, the results demonstrate that, if deployete Lofitech device
could be used effectively tdeter minke whalsover ranges that would reduce the risk of exposure

to harmful noise sources, such as piling at offshore wind farfksange of other ADD devices also
have acoustic characteristics in the hearing ranges ofspécies of interest and have a proven
track record at deterrence (primarily with harbour porpoise, harbour seal and grey seal). It is
recommended therefore, that further information is collated (particularly where there is field
evidence available), tollaw a range of devices to be signed off as potentially appropriate for multi
species mitigation.

-
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4.2.3 Inthe final Stage One Phase Two ORJIP regmatlinget al, (2015) outline the factors influencing
the suitability of an ADD device for use during pile ishgvat offshore wind farms. In addition, the
report provides a review of the various devices that are currently available and assesses each of
these against the required criteria that influence a successful ADD deployrRenteach OWF
project, guidance sbuld be sought on the appropriate ADD unit to apply depending on the focal
species.

Duration of activation

4.2.4 Given that the response of minke whales to the ADD was in some cases a prolonged avoidance, it
is recommended that in each case the duration of exposure to ADDs should be tailored specifically
to the project requirements. The duration of activation shobkldetermined to ensure sufficient
time for all marine mammals to flee the injury zone (estimated by pregaecific modelling) whilst
avoiding an extended period of activation to ensure additional disturbance is minimidedshel
et al. (2015) recommaded that the ADD is deployed to ensure marine mammals flee twice the
length of the injury zone.The swim speed assumed shoble based on the best available evidence
from scientific studies of the relevant species. Where limited evidence is availgecautionary
approach should be applied, as is typical in most subsea noise models. Such precaution is necessary
to allow for nondirectional fleeing of an animal away from the noise soulcegeneral, subsea
noise models assume a swim speed of 1.5 fits most cetaceans and pinnipeds basedastudy
of harbour porpoisgOtaniet al., 2000) For minke whale, the swim speggicallyused in subsea
noise models is often 3.25 Mbased on Blix and Folkow (1995pwever, the swimming speed of
minke whde could be revisited in light of results from this study or other more recent work on
minke whale

Mitigation personnel and equipment

4.2.5 It is recommended that due consideration be given to the size and composition of the mitigation
team deployed during castruction projects, depending upon the scope of mitigation required
following the consenting process. The recommendations provided below are for the ADD
component of a mitigation plan only, and do not provide detail on any additional mitigation or how
the ADD mitigation would be integrated into other mitigation that may be required as a licence
condition.

4.2.6 The equipment is simple to use, but it is recommended to ensure a crew member (where
permissible), or a dedicated MMBAM Operatoris both familiar wih the equipment and available
for its deployment and operation where necessary. A single individual would be sufficient, unless
additional visual and/or acoustic monitoring using traditional methods is required on a given
project. However, for 24 hour opations, two personnel would be requiredn important aspect
of any ADD usage is whether it has been effective. While effective deterrence has been
demonstrated experimentally, no guarantee can be provided that all animals will have moved
beyond the mitigéion zone in the given deployment timeframe. Consideration to should be given
to visual and acoustic monitoring tandom with ADD deploymerib confirm that the mitigation
zone is clear of animals in order to either commence operations or enact any raegaksay.

4.2.7 No equipment failure was experienced during the fieldwork for this project. However, the
conditions for deployment were deliberately benign in order to ensure accurate behavioural data
collection. The deployment of the ADD from a rigid inflatabeéssel was straightforward and not
representative of the varying conditions that may be experienced during construction projects. It
is anticipated that the standard cable length of the transducer (25 m) may not be enough for all
projects, depending upothe deployment location best suited to the equipment, and so Lofitech
and any of their contemporaries producing similar devices will need to be able to provide
alternative cable lengths. As the use of an ADD may be central to the mitigation of a phgjekt,
up equipment is recommended, in case of loss or failure.
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4.2.8

Communications protocol

It is recommended that a formal communications protocol be prepared for all projects in order to
make clear where the mitigation personnel and equipment factor into tlenmencement of
piling. This should identify those personnel dedicated to the deployment of the ADD, the
interaction with any MM@PAM Operatorpresent, and to whom they report in order to ensure
that the time between the cessation of the ADD signal is $yftillowed by the onset of piling. As
with traditional MMO/ PAM fieldwork, it is recommended that the personnel responsible for ADD
deployment keep accurate records of deployment times and conditions in order to prepare suitable
daily, weekly and end ofrpject summary reports.
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5
5.1.1

5.1.2

5.2
521

522

5.2.3

Concl usi ons

The objective of this study was to determine whether ADDs can be considered an effective
mitigation tool to deter minke whalg a lowfrequency cetacean, from potential injury zones prior
to the onset of piling at offsore wind farms. Key findings from this study are highlighted below:

1 ADDs are effective at invoking a deterrence response in minke whale without the risk of
inducing injurious effects even if deployed over longer duration2 fburs);

1 Measured biologicgbarameters showed that mke whalesareresporsiveto ADD
activation, for exampldy increasing theinet speed and directness away from the source
and maintaining this even after the ADD has been deactivated,;

1 When compared to the Southadt al. (2007) gverity scale, the response of minke whales to
ADDs is considered to score 5, 6 or 7, representing a minor avoidance up to a sustained
avoidance;

1 Subject to a limited understanding of how marine mammals perceive sound, it is considered
unlikely that highermambient noise conditions on wind farm sites would significantly affect
the effectiveness of ADDs as a mitigation measare]

I Used as a tool for mitigating for injurious effects from gilleving activity, the additional
duration of ADD deployment (in theontext of the duration of pilalriving) is not considered
likely toinduce temporary or permanent hearing damage, mesult inany longterm
behavioural effect

Based on these findings, the report has made a number of recommendations for the use of ADDs
as a mitigation tool, as required under projespecific licence conditions. The recommendations
discuss the type of ADD to be used, duration of deployment, pereb and equipment
requirements and the communication protocol.

Future Research

This study has focussed on the effect of ADDs on minke whale, as-faclguency cetacean and
adds to currentscientificunderstanding of the effectiveness of such devicesaimulti-species
environment. Further work is, however, required to gathering empirical evidence with respect to
the potential efficacy ofusing ADDto deter other low-frequency cetaceansver the predicted
injury ranges. In addition, field studies are gpiired to investigate the efficacy of using ADDs to
deter midfrequency cetaceans over injury ranges

The device used in this study was the Lofitech, however, there are a range of other devices on the
market, and under development thamayto be effectiveat deterring marine mammals from injury
zones.Consideration shouldherefore be given toinvestigatingthe potential effectiveness of
alternative ADD unitfor a suite of marine mammal species

Finally, it is important that the results of future researttitiatives, either carried out at a site
specific level, or as part of a strategic work programme, are shared among the offshore wind farm
community to inform future projects and the industry as a whole.

m—
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AppendixA- Lof i tech ADD specificati on

4LOFITECH

PRODUCT DATASHEET

ACOUSTIC DETERRENT DEVICE

DESCRIPTION

Waterproof
The Lofitech Acoustic Deterrent Device (ADD) is the most transport box
effective solution to deter marine mammals. Warning f°’s:‘::;‘::;e"‘ ]
away seals, porpoises and dolphins ensures the animals’
wellbeing and enables commercial operations to continue.

The device is simple
toinstall and operate.
It can be conducted

by on-site employees
with full support and
guidance from our , Y
experts. ' :
P S:::;r Trar:;d:cef
The system consists of a control unit and a transducer. The control |
unit A

control unit contains a pulse generator and an amplifier
to transmit random bursts of audio frequency signals to

the transducer — this is then converted into intense sound. SPECIFICATIONS

The ADD transmits 191dB/AsPa/m at an optimal frequency | EeE N A Y e

(between 10 and 20kHz) for deterring marine mammals. | Frequency: between 10 and 20kHz
Waterproof self-contained unit:
©60cm x 30cm x 40an

APPLICATIONS Range: 500m radius from source —

can be tailored to project requirements.
| Transducer cable length: 25m

ﬂ Fish farm stock protection
¥ Fisheries catch protection

* Mj‘[igation dunng: AutoManne‘lZVbarterymlh 90-120Ah
— pile-driving Recharge intervals (120Ah battenes):
— UXO removal approx. 3 - 4 days

— oil and gas operations Power consumption: approx. 0.4A/12V

www.seiche.com UK OFFICE S SOUTH AFRICA OFFICE
Bradworthy Ind Estate 10355 Centrepark Drive Cape Town
Langdon Road, Bradworthy Suite #240, Houston South Africa
Holsworthy, Devon EX22 7SF  Texas TX77043 T. +27 834 604 4260
T +44 (0)1409 404050 T: +1 832 690 3700 E: j.burgers@seiche.com
© Seiche Lid lan 2016 E nfo@seiche com E: b.padovani@seiche.com
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AppendixB-R/ Song of thpeWhal eati on

Registered Owner: Marine Conservation Research International
British Registered number: 908938

Port of Registry: London, UK

The vessel is fully equipp@dth the normal communications and navigation equipment foundoard

a modern vessel (GPS, AlS, SSB & VHF radio and INMARSAT voice and data terminal).

{2y3 2F GKS 2KIfS ¢4l a RSaAAIYSR IyR o0dzAfid Ay 0O2YL

the Classification of Special Service Craft.

Class notation 100A1 SSC Workboat Mono G5
MCA Category 0 (unrestricted)

Length 21.53m

Beam 5.6m

Draft 3m

Air Draft 33m

Registered Tonnage | 51.58tonnes

Engine Yanmar 6LY-8TP 370 hp

Gearbox Twin DistMG-5061A2.47:1 (5HV571)

Propeller 5 blade fixed 27 x 1RH APS SKEW100

Generator 1 Onan 9 kW

Generator 2 Whispertech Whispergen W

AC power 230V AC is provided for research electronics via two pure sine wave

inverters, ensuring a clean unintepted supply

Fuel Capacity 3300L

Water Capacity 1200L (100 L/hr Seafresh Watermaker)
Sail Area 267 sqm

Operating speed cruising 6.5 kts, maximum 9.5 kts

under power

-~ —
marine e
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AppendixC-Subsecai Medel | i ng

Glossary of Termssed in Subsea Noise Modelling Report

Term Definition

dB deciBel, dB re 1 pPa for sound pressure level or dB re 1 pPa?s for sound
exposure level.

ADD Acoustic deterrent device

ORJIP Offshore Renewables Joint Industry Project

NOAA National Oceanic and Atmospheric Administration - American scientific agency
within the United States Department of Commerce

FET Fast Fourier Transform i used to analyse data in the frequency domain rather
than time domain.

NMFS Abbreviation for National Marine Fisheries Service.

pk Abbreviation for peak (also zero-to-peak or 0-pk).

pk-pk Abbreviation for peak-to-peak.

R2 Correlation coefficient showing the significance of the relationship between
two variables.

RMS sound pressure The root mean square sound pressure level of the sound, averaged over a

level specified time interval.

SPL Abbreviation for sound pressure level.

SEL Abbreviation for sound exposure level.

Standard Deviation A quantity expressing by how much the members of a data set differ from the
average value for the data set.

Upper quartile The value which lies mid-way between the maximum value of the data set and

pperag the median value of a data set. Sometimes reported as the 75th percentile.
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C.1 Introduction

This appendix presents the results of the acoustic characterisation exercise undemdkaxafloi Bay
for the LofitechSeal ScarefAcoustic Deterrent Device (ADD).

C.2 Acoustic Concepts and Terminology

C.2.1 Sound travels through the water as vibrations of the fluid particles in a series of pressure waves. The
waves comprise a series of altermag compressions (positive pressure variations) and rarefactions
(negative pressure fluctuations). Because sound consists of variations in pressure, the unit for
measuring sound is usually referenced to a unit of pressure, the Pascal (Pa). The uhjt wseko
describe sound is the decibel (dB) and, in the case of underwater sound, the reference unit is taken as
M >tFYX gKSNBIFa FAND2NYS a2dzyR &l dzadzt 2t ®2 NBSANS ¥
LINBa&ddzNBE f SOSt NBYSNBBISRBYDSKRA 02t m 2 | ZdBhasF Il O 2
to be added to the former quantity. Thus 6®Bre20>t I A a (GKSR.aINBS M & tylcz | f
differences in sound speed and densities mean that the difference in sound intensity ismmareh
than this from air to water. All underwater sound pressure levels in this report are described in
dBrel>t I @ Ly ¢ GSN GKS &a0dNBy3IdK 2F | a2dzyR a2 dzNOS
indBrel>t I = NXFSNBYyOSR iveddifanceid 1 h froNua ieSi@es (infimitésimally
small) point source. This allows calculation of sound levels in thiéial.

C.2.2 There are several descriptors used to characterise a sound wave. The difference between the lowest
pressure variation @refaction) and the highest pressure variation (compression) is the peak to peak
(or pkpk) sound pressure level. The difference between the highest variation (either positive or
negative) and the mean pressure is called the peak pressure |&R@mdt mean square (rms) sound
pressure level is used as a description of the average amplitude of the variations in pressure over a
specific time window. These descriptions are show graphicaligare C.1

C.2.3 The rms sound pressure level (SPL) is defined as fallow

o PN
Y Q- — Q
L pme Y Oq 0

/N R N

peak level

l pk-pk level
\/ |

Time

Pressure

Figure Cl: Graphical representation of acoustic wave descriptors
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C.2.4 Another useful measure of sound used in underwater acoustics is the Sound Exposure Level, or SEL.
Thisdescriptor is used as a measure of the total sound energy of an event or a number of events (e.qg.
over the course of a day) and is normalised to one second. This allows the total acoustic energy
contained in events lasting a different amount of time to d@mpared on a like for like basi$he SEL
is defined as follows:

YOupme ™ Q — Qo
n o

C.2.5 The frequency, or pitch, of the sound is the rate at which these oscillations occur and is measured in
cycles per second, or Hertz (Hz).h& sound is measured in a way which approximates to how a
human would perceive it using anvleighting filter on a sound level meter, the resulting level is
described in values of dBA. However, the hearing faculty of marine mammals is not the same as
humans, with marine mammals hearing over a wider range of frequencies and with a different
AaSyariArAgrieo LG A& GKSNBT2NB AYLERNIFyG G2 dzyRSH
frequency range in order to assess the effects of sound on mariaemmmals. Consequentlyse can
be made of frequency weighting scales to determine the level of the sound in comparison with the
auditory response of the animal concerned.

C.2.6 No measured data exist for the audiogram of minke whales. However, a theoretioalatised and
inverted audiogram for a Minke whal@dapted from Ketten and Mountain 2011; Tubeitial. 2012)
is shown irFigure C.2ompared againghe NOAA (2016) hearing weighting function for low frequency
cetaceans. Based on theoreti@dsumptionsit is conjectured that the fundamental frequency of the
Lofitech ADD (c. 15 kHz) sits outside the most sensitive region of hearing for minke wiales,
nevertheless within their range of hearing.

—— Low frequency weighting curve (NOAA, 2015)
= = Normalised inverted theoretical minke whale audiogram (Ketten & Mountain, 2011)
—— Lofitech ADD frequency
5
0
-5
-10
[=-]
-
o -15
£
£
.20
2
-25
-30
-35
-40
0 1 10 100 1k 10k 100k 1M
Frequency, Hz

Figure Q: Comparison between minke whale audiogram and NOAA hearing weighting function
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C3

C31

C.3.2

C.3.3

C34

Methodology

Monitoring Locations

Measurements were undertaken in two locations. During the earlier part of the day, some initial
measurements were undertaken Hvalfjordur(during poor weatherjo testthe acoustic setup (and

to provide a backup in case measurementd-axafloi Baghould not be possible in the case that the
weather did not improve).

However, once the wind and sea state had calmed down to an acceptable level for measurements,
measurements were undertaken Faxafl6i Baytself in the area where the majority of Minke Wiea

trials using the ADD had occurred. Consequently, only the measurements in the Bay are included in
the subsequent analysis due to their direct applicability in terms of location and weather conditions
to the ADD trials themselvesThe bathymetry in thd=jord was very different to the Bay area and so
propagation could differ significantly and the weather and sea state were not ideal during the
Hvalfjordurmeasurements.

Deployment

The measurement equipment was deployed from RSéng of the Whalea purpse-built 21m
research vessel. The vessel is stagled, with outriggers fotowing hydrophone arrays, an Irh high
ONRB ¢ Q& VY S & (ated Afr®ne lwkiich rovBi€s a B eyeheight for visual surveying and a
dedicated computer/communications room faicoustic detection and data logging.

The ADD was deployed fromZadiac GRieender, which was launched from R.8ong of the Whale

(see Figure C.3 The Zodiac was stationed at various distances from the research vessel and
hydrophone depending on theest being performed, with measurements conducted with the Zodiac
at distances of approximately 200 m, 500 m, 1,000 m, 1,500 m and 2,000 m from the hydrophone.

FigureC.3 Photo showing ADD in Zodiac launch
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C.3.5 The distance between the two vessels wagasured using a range finder and tracked for future
Fylrfeaira dzaaAy3ad Dt{> gA0GK GKS Gg2 @SaasStaqQ LIaArld
period. Meteorological conditions were also logged throughout the survey including wind speed, wind
direction, sea surface temperature, sea state and swell.

Instrumentation

C.3.6 Measurements were carried out using a calibrat®kson TC 404@ydrophone. In addition, a
calibration check was performed on the measurement system prior to and after deployment using a
Briel and Kger 4223 pistonphone.

C.3.7 The instrumentation used for the survey was as follows:
1 Reson TC 4040 hydrophone;
1 Reson EC6067 charge conditioning amplifier;
1 SinusApollodata acquisition system (with 80 kHz bandwidth option);
l

Laptop computer with Samurainalysis software (se€igure C.1

FigureC.4 Photo showing laptop computer with Samurai analysis software

C.3.8 The hydrophoneavas weighted using lead weighted anchor line and d@gloyed over the side of R.V.
Song of the Whalat various hydrophone deps (10 m, 20 m and 30 m)The conditioned signal was
recorded directly into the laptop hard drive using the Samurai application for later analysis.

Analysis Procedure

C.3.9 For each of the measurements,caO f Sécohof measurementwvas identifiedfor further analysis
of nominally 30 second duratioWithin each of the sections, there were consisterfilyeen pulses.
Each of thdifteen pulseswithin each of thethirty second measurement periods was pgsiocessed
usingSamurai analysis software
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C.3.10

C.3.11

C.3.12

C.3.13

C.3.14

C.3.15

C.3.16

The postprocessing involved selecting the time limits of an individual pulse, then W&y Fourier
Transform EFY analysis with a Hanningindow (Harris 1978}o create an FFT plah the frequency
domain The FFT analysis was performed us26§01lines over the 80 kHz bandwidth, resulting in a
bin width of 3.125 Hz.The sample rate was 204.8 kHz.

The plots of interest were thems, SEL an@-Peak. Sonograms showing time history were also
generated

Through objective assessment, a primary frequency and 3 harmonic frequencies were identified as the
frequencies to analyse in oed to characterise the source.

From the plots for each pulse, thems, SEL anderoPeak levels were extracted from thieur
frequencies of interesbased on an analysis bandwidth of 200 Hz (i.e. 100 Hz either side of the
frequency of interest) By utilising an effective bin width of 200 Hz, this ensured that all of the energy
within the frequency band of interest was included in the analysis. Peak pressure levels were
measured using the peak detection function of thealysis sftware after applying higkpass and low

pass filtering at 100 Hz either side of the analysis frequency

Formeasurementgsaken at larger distances from the ADD (i.e. distances of approximately inGf0
more) the three harmonic frequenciesvere at or bebw the noise floor and became more difficult to
extract from the analysis. Consequently, it was not possible to present measured levels for these
frequencies for some of the measurements.

ADD Measurement Results

A summary of peak and rms sound pressure levels and SELs measured at the disteusesand
water depths is shown iffable C.1

More detailed results are presented AnnexA of this report as follows:

1 Table A: Summary of pulse magnitude for fundamehfeequency and harmonics (based on
arithmetic average of individual pulse data);

1 Table R: Pulse spectrograms and FFT plots;
1 Table 8: Individual pulse sound levels (at fundamental frequency); and

1 Table A: Individual pulse lengths.
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Table C1: Summary of measured ADD signal levels at hydrophone location (arithmetic average of all pulses measured)

Distance 0-Peak, dB re 1 pPa SEL, dB re 1 pPa?s rms (T90) , dB re 1 pPa Average
from ADD [ [ I I [ [ [ i Pulse
to Hydro- 14.6 29.2 43.6 72.8 14.6 29.2 43.6 72.8 14.6 29.2 43.6 72.8 Length,
phone, m kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz S
193 20 30 159.7 114.2 114.5 110.6 152.7 107.0 107.7 103.6 153.8 108.2 108.8 104.8 0.77
200 20 20 161.2 115.1 117.8 117.5 154.6 108.7 111.6 111.4 155.8 109.9 112.7 112.6 0.76
198 20 10 161.1 113.9 116.6 115.3 153.6 106.7 109.5 108.8 154.6 107.7 110.5 109.8 0.80
570 20 10 150.0 105.2 99.0 93.0 143.3 98.6 92.3 86.9 144.6 100.0 93.6 88.2 0.74
560 20 20 146.3 98.6 95.8 91.5 139.3 92.2 89.6 85.6 140.9 93.9 91.3 87.3 0.69
556 20 30 148.9 103.0 97.8 92.2 141.9 96.0 91.1 86.4 142.9 97.0 92.1 87.4 0.80
996 20 30 141.3 93.0 90.3 87.4 134.2 86.6 83.9 81.4 135.7 88.2 85.5 83.0 0.70
980 20 20 140.6 N/A N/A N/A 133.1 N/A N/A N/A 134.8 N/A N/A N/A 0.67
986 20 10 143.1 N/A N/A N/A 136.3 N/A N/A N/A 137.9 N/A N/A N/A 0.70
1508 20 30 131.8 N/A N/A N/A 124.2 N/A N/A N/A 126.9 N/A N/A N/A 0.54
2107 20 30 128.8 N/A N/A N/A 121.8 N/A N/A N/A 124.3 N/A N/A N/A 0.55
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CA4

C4.1

C4.2

C4.3

C44

Discussion

Source Characteristics

al ydzFF OGdzNENRa f AGSNF GdzZNS LISNIFAYyAy3a G2 GKS [2FA
is approximately 198B rel ePareferencedto 1 m, although it does not specify whether this is rms

or peak sound pressure level. It states that the source frequency is between 10 and 20 kHz. However,
field measurements using the devices in other studies have determined different source lf®rels,
example 193 dB ré& ePa(rms) referenced tol m (Gordonet al. 2015)and 197dBre 1 ePa(rms)

reference tol m (Brandtet al. 2012; Brandet al. 2013)

The sourcefrequencies weraletermined to beas follows:
1 14.6 kHzfundamentalfrequency)

1 29.2 kHZAfirst harmonic);

1 43.6 kHZsecond order harmonic)

1  72.8 kHZAthird order harmonic)

Pulse length was found to be generally quite consistent across all measurements 8600ms). The
average pulse length was 752 ms with a standard deviation of 79 ms (based on measurements at 200
m). This is longer than the pulsength of approximately 500 ms reported in previous studies.

The source characteristics are summarised able C.2

Table Q2: Lofitech ADD source characteristics

Standard Fundamental
Parameter Source level re 1 m -
deviation frequency, kHz
SEL 197 dBre 1 pPa’s 2.0 14.6
RMS sound pressure level 198 dB re 1 pPa (rms) 1.9 14.6
Peak sound pressure level 204 dB re 1 pPa (pk) 2.3 14.6
Validation of Propagation Coefficients
C.4.5 Rather than simply fit a curve to the measurddta, a frequency dependent curve has been derived
based on a combination of best fit to data and standard acoustic theory. This is based on the simplified
algorithm:
Received Level = S + N log R+
where S is the leveé 1 m from the source (assuming an infinitesimally small point source), R is the
distance from source to receiver (m), N is a coefficient of geometrical divergenéeisadoefficient
of absorption
C.4.6 Thereasonfor using this algorithm (as opposed to sagimple N log R algorithm) is that inspection of

the measured data showed a much higher attenuation rate at larger distances from the source. It was
therefore considered important to ensure that effects such as scattering and molecular absorption
were acounted for in the analysis.
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cC4.7

C.4.8

C4.9

C.4.10

c4.11

C.4.12

C.4.13

C.4.14

C.4.15

C.4.16
c.4.17

The generalised model for underwater noise propagation typically assumes a value for N nominally
between 10 (which models geometrical spreading of sound energy as a cylindrical wave) and 20 (which
models sound energy spreadiogt from a source as a spherical wave). Spherical spreading (20 log R)
represents the case where sound propagates from a source of sound uniformly in all directions.
However, due to the bounding influence of the water surface and sea floor, sound propagaay

act more like cylindrical spreadin@ 0 log R)at distances further away from the source. Both
assumptions are verpasicapproximations of spreading loss but can be very useful for estimating
sound levels at relatively close distances betweemrse and receiver and in relatively simple
situations without requiring much more complex calculations.

The water in Faxafl6i Bay is approximately 35 to 37 m deep and in the inner and coastal parts of
Faxafl6i Bay water depths are around 40 to 50 m deegsiiisseret al,, 2013). The seabed substrate

is predominantly sand or basalt (Rasmussen & Miller, 2002). The use of the simplified empirical
modelling is therefore considered to be a valid approach for the specific conditions in which the tests
were undetaken.

The exact value of the propagation coefficient for mahge distances from the source requires
empirical derivation. A twastage approach was used to determine the sound propagation
coefficients. In the first stage, data from distances of wpapproximately 500 m were used to
determine the range of possible N values, with the final value being determined by the N value which
results in the line of best fit between the data. In the second stage, using the N value calculated in
the first stage the value for thedabsorption coefficiend,| , was determined by varying its value and
selecting the value which resulted in the best correlation between the measured and calculated value
as indicated by the Rorrelation coefficient.

As described pndaously, use of the N value alone did not adequately describe attenuation at greater
distances from the ADD. It is considered likely that this was due to effects due to scattering from the
water surface and basalt bottomin the case of this empiricalR SNA SR Gl 6a2NLIJiAz2y O
value fon is therefore an empirical estimate of effects suchnaglecular absorption of sound energy

as well as other effects su@sscattering.

The results of the first stage of the analysis which derives valoeshe propagation coefficient,
determined a value of N 19, which was deemed to be the best match with the measured data.

¢tKS NBadz 1a 2F GKS aSO2yR adl 3sS 2F (KS0.0046B/MmeaAa F
which was deemed to bthe best match with the measured data.

It is clear that there is a significant change in propagation curve at distances greater Kmarfrdm

the source. (The theoretical value for molecular absorption at the fundamental frequency is 0.0022
dB/m.) It isthought likely that this could be due to excess attenuation due to both molecular
absorption combined with scattering from the sea surface and basalt on the bottom.

Using the propagation coefficients derived above, it is then possible to calculatetieeslevel which
was determined to be 198 dB re 1 pPa (rms).

This results in a propagation curve for the main source frequency of 14.6 kHz of:
RMS sound pressure level = 1989 log R; 0.004 x R (dB re 1 pyPa)
The plots of the original data and trend lines are showfigure C.5

Further analysis using the MarsSchulkin semémpirical sound propagation mod€Bchulkin and
Mercer 1985; Marsh and Schulkin 196#3s also carried out in order to confirm the derived source
level. This analysis also found a source sound pressure level aBLB81 pPgrms).
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Figure C.5Plot of measured rms sound pressure levels and trend line

Consideration of Potential for Injury due to Exposure to ADD Sound

C.4.18 Phase dependant time domain metrics suchpesak pressurean have relatively large variations over
short distances or environmental nie variations (for example waves) due to constructive and
destructive interference of multipath arrivalsConsequentlythere istypically much highevariation
in empirically measured dateompared to metrics such as rms or SEL. An estimate of theqoeake
sound pressure level was determined based on an analysis of the measured peak sound pressure levels
which were found to be an average of 5.9 dB higher than the rms sound pressure level at 200 m from
the ADD. The source peak sound pressure levelthverefore estimated to be 204Bre 1 ¢Pare 1 m.

C.4.19 It is worth noting that the difference between the peak pressure level and the rms (T90) sound
pressure level is higher than would be derived by theoretical consideration of a waveform (a 3 dB
differencewould be expected for a pure sine wave). Investigations showed that this deviation from
the theoretical correction was due to variations in the intensity of sound in each pulse over the pulse
length. In other words, the sound level produced by the ARBHes with time, as can be seen by
inspecting the time histories in Table Al.

C.4.20 Theestimated sourcegeak sound pressure levef 204 dB re kPare 1 m is below the thresholdsf
219dBre 1 ePa(pk) for permanent threshold shift (PTS) and 2iBre 1 ¢Pa(pk) for temporary
threshold shift. Itis therefore highly unlikely that the Lofitech ADD could result in instantaneous injury
due to peak pressure.

C.4.21 The cumulative SEL of a minke whale swimming away from an ADD has also been modelled. The
modelling asumes a anservative swim speed of 2.5ghand an average pulse rate of 0.5 pulses per
second. Cruising wim speedsf minke whalehave been shown to b8.25 ms' (Cooperet al., 2008
Blix and Folkow, 199%ut a veryconservative swim speed @f5 ms! wasused in this assessent to
allow additionalheadroom to account for the potential that th@nimalmight not swim directly away
from the source, could change direction or does not maintain a fast swim speed over a prolonged
period.
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C.4.22 The modelling assumes 30 minutes of activati&arther modelling was also undertaken to investigate
the effect of activating the ADD for longer periods of time (e.g. 1 hour, 2 hours etc.) but it was found
that the cumulative SEL of a swimming animal diot increase significantly for these longer
RSLIX 28YS8Syid G(GAYSao ¢CKA&d A& 06S8S0FdzasS GKS YIAy SELR
by the device as the animal first starts to swim away, particularly for starting ranges close to the ADD.
C.4.23 It should be noted that the sound exposure calculations are based on a set of simplistic assumptions
and that the real world is more complex. Therefore, a range of woase assumptions have been
used in carrying out the exposure modelling and it is congidéhat this represents and precautionary
assessment. The SEL calculations presented in this study do not take any breaks in ADD activity into
account. Furthermore, the SEL criteria described in the NOAA guidelines assume that the animal does
not recoverhearing between each pulse of sound. This esstimate is, however, considered to be
small because the majority of sound energy to which an animal is exposed occurs when it is at the
closest distance to the source, with subsequent exposure at greateggemmaking an insignificant
contribution to the overall exposure. The relatively slow swim speed of 2.5 m/s is also a precautionary
assumption and it is likely that swim speeds will be faster during ADD activation, resulting in lower
cumulative SELs tharesented here

C.4.24 The source characterisation of the ADD has shown that the sound produced is characterised by
intermittent short periodscontainingpure tones but not by rapid rise times or high peak pressure
levels In other words, the sound is not clafésd as impulsive according to NOAA guidelines
Consequently the PTS threshold is I#®re 1 eP&s and the TTS threshold is 1@Bre 1 eP&s.

C.4.25 The cumulative SELs for three different starting ranges (500 m, 100 n2%&andfrom the ADD) are
presented inthe following figures(Figure C.&o0 Figure C.8 The calculations are based on the
simplified propagation algorithm coefficients (N-£9 andh =0.004 dB/m) derived previously.The
graphs show the energy received as a single pulse at each distancetlfre ADD and also the
cumulative dose, which essentially is a sum of each single dose exposure up to a given point.
Therefore, as the animal moves further away from the ADD the single poksg decreaseand the
cumulative dose increases until eventlyait flattens off. Notably, closer to ADD the initial reduction
in single pulse SEL is greater as the animal doubles the distance far quicker (i.e. going from 25 m to 50
m would result in a similar overall reduction in SEL as going from 500 (8@6 f). Therefore, closer
to the source there is less impact of additional noise on the cumulative SEL because most of the impact
occurs at close distances to the ADD. This is illustrated by comparing the cumulative dose curves for
an animal starting at 25 rand an animal starting at 500 m: the curve flattens off more rapidly for the
animals starting at 25 n-{gure C.6 and Figure ¢.8

3 According to NOAA guidelines impulsive sounds are typically transient, brief (less than 1 second), broadband,
and consist of high peak sound pressure with rapid rise time and rapid decay {ABKGINIOSH 1998; ANSI
2005). NorAmpulsive sounds can be broadband, narrowband or tonal, brief or prolonged, continuous or
intermittent and typically do not have a high peak sound pressure with rapid rise/decay time that impulsive
sounds do (ANSI 199BIOSH 1998).
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FigureC.6:SEL modelling results for minke whale swimming away from ADD at 2.5 m/s with a starting
position of 500 mfrom the ADD
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FigureC.7:SEL modelling results for minke whale swimming away from ADD at 2.5 m/s with a starting
position of 100 m from the ADD
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FigureC.8:SEL modelling results for minke whale swimming away from ADD at 2.5 m/s with a starting
position of 25 m from the ADD

It can be clearly seen that the PTS and TTS thresholds for LF cetaceans are not exceeded for any of the
scenarios modelled. Further modelling has shown that TTS threshold would only be exceeded for start
distances of less #m 10 m from the ADD and the PTS threshold would not be exceeded even if the
mammal started immediately adjacent to the ADD. In any case, it is highly unlikely that a mammal
would be in the immediate vicinity of the ADD on stag and it is consequentligighly unlikely that

either PTS or TTS would occur.

It is theoretically possible that the temporary (but not permanent) threshold shift could occur at
extremely short ranges (i.e. less than 10 m from the sowatstart-up). This scenario, however, is
thought to be extremely unlikely and can therefore be effectively discounted.
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Table Al: Summary of pulse magnitude for fundamental frequency and harmonics (based on arithmetic average of ingiyidise data)
DISETEE U— Peak, dB re liPa SEL, dB re fiP&s rms (T90) , dB re uPa
frommADD’ Depth, m 202 436 290.2 | 436 29.2 436 e [Hsieny Srepi
kHz kHz kHz kHz kHz kHz
150 ml b | i
16:50 193 30 159.7 | 114.2 114.5 110.6 152.7 107.0 107.7 103.6 153.8 108.2 108.8 104.8 °
|
= ' I
. N
16:53 200 20 161.2 | 115.1 117.8 117.5 154.6 108.7 111.6 111.4 | 155.8 109.9 112.7 112.6 °
- | 'l
|
16:56 198 10 161.1 | 113.9 116.6 115.3 153.6 106.7 109.5 108.8 154.6 107.7 110.5 109.8 °
oo ‘|
17:04 570 10 150.0 | 105.2 99.0 93.0 143.3 98.6 92.3 86.9 144.6 | 100.0 93.6 88.2
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Distance Peak, dB re LiPa SEL, dB re fiP&s rms (T90) , dB re iPa
from ADD,

Depth, m 29.2 43.6

m kHz kHz

Hydro-phone ) )
29.2 43.6 29.2 43.6 Time History Graph
kHz kHz kHz kHz

17:07 560 20 146.3 98.6 95.8 91.5 139.3 92.2 89.6 85.6 140.9 93.9 91.3 87.3

17:14 556 30 148.9 | 103.0 97.8 92.2 141.9 96.0 91.1 86.4 142.9 97.0 92.1 87.4

17:23 996 30 1413 | 93.0 | 90.3 | 874 | 1342 | 866 | 839 | 81.4 | 1357 | 882 | 855 | 83.0 %

17:27 980 20 140.6 N/A N/A N/A 133.1 N/A N/A N/A 134.8 N/A N/A N/A "m

~ —

mmmmmm S —
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Peak, dB re JiPa SEL, dB re iPa2s rms (T90) , dB re iPa
Hydro-phone

Distance

Time from ADD, Time History Graph

m Depth, m 14.6 29.2 43.6 14.6

kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz

29.2 43.6 14.6 29.2 43.6 72.8

17:32 986 10 143.1 N/A N/A N/A 136.3 N/A N/A N/A 137.9 N/A N/A N/A

17:42 1508 30 131.8 N/A N/A N/A 124.2 N/A N/A N/A 126.9 N/A N/A N/A °

17:59 | 2107 30 1288 | NA | NA | NA | azie | A [ NA | NA | 1243 | A | e | ova | (R e

-
mmmmmm .
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Table A2: Pulse spectrograms and FFT plots

Distance from Hydro-phone

Spectrogram Graph

SEL FFT of typical Pulse (a single example plot from the data)

ADD, m Depth, m
. A B
I
16:50 193 30 // ‘-'\’\ A . ;
- \\/h\'\_/"/ wwm A _/V‘“’“\L.,,
- A ‘
| JI\
16:53 200 20 \ /\ . ﬂ ﬁ
= . = = = —
A “
16:56 198 10 ,\/‘// \\ /\
I S el
p e —— o
C — |
17:04 570 10 _,_j \ A
A RN N

| —
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Distance from Hydro-phone

ADD, m Depth, m Spectrogram Graph SEL FFT of typical Pulse (a single example plot from the data)

| I
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DISEENEE e e ME-PhemE Spectrogram Graph SEL FFT of typical Pulse (a single example plot from the data)

Time ADD, m ~ Depth, m
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Table A3:

Individual pulse sound levels (at fundamental frequency)

Zerog peak, dBre 1 Pa
16:50 159.9 153.1 | 159.7 | 160.1 156.6 160.5 160.5 157.8 163.1 158.7 162.0 159.3 159.5 164.3 160.6 159.7 159.9 2.6 153.1( 163.1| 10.0
16:53 160.0 | 161.7 | 160.9 | 163.4 | 162.3 160.3 159.9 162.0 159.5 161.0 162.8 164.5 155.6 162.9 160.6 161.2 161.6 2.1 155.6| 164.5| 8.9
16:56 1615 | 161.4 | 163.1 | 160.5 | 163.9 162.5 163.2 160.5 158.9 161.0 162.6 160.6 160.6 159.8 156.6 161.1 161.5 1.9 156.6 | 163.9 7.3
17:04 150.8 150.6 | 149.4 | 152.9 149.6 153.8 149.4 147.6 148.1 145.8 151.1 147.4 148.2 152.3 152.5 150.0 150.5 2.3 145.8 | 153.8 8.0
17:07 143.1 143.6 | 146.5 | 146.0 145.0 146.3 149.1 152.3 149.7 146.4 141.8 145.5 147.7 145.8 145.7 146.3 147.1 2.6 141.8| 152.3| 10.5
17:14 149.4 148.1 | 147.4 | 149.9 148.9 149.1 150.2 148.0 148.8 150.6 148.3 149.9 144.4 148.3 151.6 148.9 149.1 1.7 144.4| 151.6 7.2
17:23 140.7 143.2 | 137.4 | 139.5 139.6 143.7 141.9 145.5 141.4 141.4 140.4 140.0 143.6 142.3 139.3 141.3 141.8 2.1 137.4 | 145.5 8.1
17:27 137.6 1429 | 1415 | 137.4 138.0 140.8 138.6 139.4 139.7 143.2 144.0 144.3 137.9 140.0 143.8 140.6 141.3 25 137.4| 144.3 6.9
17:32 144.8 146.1 | 139.0 | 143.1 142.2 144.0 145.4 141.0 142.2 140.6 144.9 143.1 142.1 144.1 144.6 143.1 143.5 2.0 139.0| 146.1 7.1
17:42 133.0 1325 | 128.1 | 132.0 133.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 131.8 132.1 2.1 128.1| 133.2 5.1
17:59 129.2 124.0 | 131.0 | 129.4 130.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 128.8 129.3 2.8 124.0| 131.0 7.0

SEL,dBre 1 Pa
16:50 152.5 146.2 | 153.4 | 1544 150.6 152.6 152.9 151.2 155.7 152.6 153.7 153.3 152.2 155.4 153.5 152.7 152.9 2.3 146.2 | 155.7 9.5
16:53 152.8 154.8 | 154.3 | 156.6 156.0 153.6 153.5 155.8 153.1 154.1 155.9 157.0 155.5 155.6 150.9 154.6 154.9 1.7 150.9| 157.0 6.1
16:56 154.1 153.6 | 154.9 | 152.4 154.8 154.2 155.8 152.7 152.2 153.3 156.0 153.8 153.8 153.1 149.8 153.6 153.9 1.5 149.8 | 156.0 6.2
17:04 144.5 1425 | 141.4 | 146.3 142.6 147.7 143.3 140.4 140.6 139.4 145.0 141.5 142.5 145.7 146.0 143.3 144.0 2.5 139.4 | 147.7 8.3
17:07 136.9 137.3 | 138.5 | 137.6 138.6 139.3 141.9 143.4 141.3 140.2 135.5 137.5 140.0 140.2 140.9 139.3 139.8 21 135.5| 143.4 7.9
17:14 141.8 140.8 | 141.1 | 1415 142.3 143.0 143.1 142.2 140.9 142.7 142.0 142.7 138.2 141.4 145.4 141.9 142.2 1.5 138.2| 1454 7.2
17:23 133.3 135.5 | 130.9 | 134.3 132.2 136.5 132.4 139.2 135.5 134.6 134.2 133.3 135.7 134.1 130.8 134.2 134.7 2.2 130.8 | 139.2 8.4
17:27 131.1 135.8 | 134.5 | 130.6 130.5 130.7 131.9 132.2 132.7 135.7 135.7 137.0 130.4 132.3 136.0 133.1 133.8 2.4 130.4| 137.0 6.6
17:32 138.4 139.8 | 132.5 | 136.3 136.0 137.7 137.9 134.2 133.9 133.5 137.2 135.7 135.5 137.8 138.4 136.3 136.8 21 132.5| 139.8 7.3
17:42 126.2 1245 | 120.1 | 124.8 125.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 124.2 124.7 2.4 120.1| 126.2 6.1
17:59 121.8 120.2 | 122.4 | 121.6 122.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 121.8 121.8 1.0 120.2 | 122.8 2.6

Rms T90, dB re 1 Pa
16:50 153.6 148.0 | 155.0 | 155.1 152.4 154.0 154.3 152.0 156.3 153.4 154.8 154.1 152.8 157.2 154.2 153.8 154.0 2.1 148.0 | 156.3 8.3
16:53 153.7 156.1 | 155.9 | 158.0 157.4 154.4 154.4 156.7 154.2 155.4 157.2 157.9 156.8 156.5 152.7 155.8 156.1 1.6 152.7 | 158.0 5.3
16:56 155.0 154.2 | 155.7 | 153.7 155.6 155.1 156.7 153.9 152.9 154.4 156.7 155.0 155.0 154.2 150.9 154.6 154.8 1.5 150.9 | 156.7 5.8
17:04 146.1 144.1 | 143.2 | 147.2 143.7 150.2 144 .4 141.5 141.9 140.1 146.5 142.8 143.4 147.2 147.2 144.6 145.4 2.7 140.1 | 150.2 10.1
17:07 139.1 138.9 | 139.9 | 139.4 140.8 140.7 142.0 145.0 143.7 141.5 137.5 139.0 142.0 142.0 142.7 140.9 141.4 2.0 137.5( 145.0 7.5
17:14 143.2 141.8 | 142.6 | 142.2 143.3 144.1 144.4 143.0 142.0 143.3 142.9 142.9 138.8 142.7 146.0 142.9 143.1 1.5 138.8 | 146.0 7.2
17:23 135.5 136.7 | 132.0 | 136.1 133.9 137.5 134.6 141.2 136.7 135.7 135.6 135.5 136.9 136.1 132.2 135.7 136.3 2.2 132.0| 141.2 9.2
17:27 132.7 | 137.4 | 136.5 | 132.0 | 131.7 132.9 133.4 133.6 134.0 138.2 137.4 139.2 132.4 132.3 138.0 134.8 135.6 2.7 131.7| 139.2 7.5
17:32 139.5 140.7 | 133.6 | 137.8 138.5 139.3 140.1 135.8 135.9 134.8 139.6 136.7 137.1 139.4 140.0 137.9 138.4 2.2 133.6 | 140.7 7.1
17:42 128.9 127.1 | 123.5 | 126.9 128.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 126.9 127.3 2.1 123.5| 128.9 5.4
17:59 124.3 122.9 | 125.0 | 124.3 125.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 124.3 124.4 0.9 122.9| 125.2 2.3
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Table A4: Individual pulse lengths
Measurement Pulse Length, s
Time ‘ Pulse 1 ‘ Pulse 2 ‘ Pulse 3 ‘ Pulse 4 ‘ Pulse 5 ‘ Pulse 6 Pulse7 Pulse8 Pulse9 Pulse10 Pulse 11 Pulse 12 Pulse 13 Pulse 14 Pulse 15‘ Arithmetic Average H Standard Deviation H Min H Max ” Range
16:50 0.78 0.66 0.69 0.84 0.66 0.72 0.72 0.84 0.87 0.84 0.78 0.84 0.87 0.66 0.84 0.77 0.08 0.66 0.87 0.21
16:53 0.81 0.75 0.69 0.72 0.72 0.81 0.81 0.81 0.78 0.75 0.75 0.81 0.75 0.81 0.66 0.76 0.05 0.66 0.81 0.15
16:56 0.81 0.87 0.84 0.75 0.84 0.81 0.81 0.75 0.84 0.78 0.84 0.75 0.75 0.78 0.78 0.80 0.04 0.75 0.87 0.12
17:04 0.69 0.69 0.66 0.81 0.78 0.57 0.78 0.78 0.75 0.84 0.72 0.75 0.81 0.72 0.75 0.74 0.07 0.57 0.84 0.27
17:07 0.60 0.69 0.72 0.66 0.60 0.72 0.99 0.69 0.57 0.75 0.63 0.72 0.63 0.66 0.66 0.69 0.10 0.57 0.99 0.42
17:14 0.72 0.78 0.72 0.84 0.81 0.78 0.75 0.84 0.69 0.87 0.81 0.96 0.87 0.75 0.87 0.80 0.07 0.69 0.96 0.27
17:23 0.60 0.75 0.78 0.66 0.69 0.78 0.60 0.63 0.75 0.78 0.72 0.60 0.75 0.63 0.72 0.70 0.07 0.60 0.78 0.18
17:27 0.69 0.69 0.63 0.72 0.75 0.60 0.72 0.72 0.75 0.57 0.69 0.60 0.63 0.60 0.63 0.67 0.06 0.57 0.75 0.18
17:32 0.78 0.81 0.78 0.72 0.57 0.69 0.60 0.69 0.63 0.75 0.57 0.78 0.69 0.69 0.69 0.70 0.08 0.57 0.81 0.24
17:42 0.54 0.54 0.45 0.63 0.54 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.54 0.06 0.45 0.63 0.18
17:59 0.57 0.54 0.54 0.54 0.57 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.55 0.02 0.54 0.57 0.03
L
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