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Summary

This project analysed data from projects using explosives in UK waters between 2010 and
2021 to assess:

1. Compliance with INCC guidelines for the use of explosives and with licence
conditions (where these were available for examination) and

2. To assess the response of marine mammals to explosives. Explosives are used in
UK waters primarily for oil and gas (O&G) decommissioning and for clearance of
unexploded ordnance (UXO).

No MMO report or data were submitted for over half of the known O&G decommissioning
projects and for almost a third of UXO clearance projects. Some data were provided in
formats other than the required Excel spreadsheets; for a few projects the data were not of
sufficient quality and had to be discarded. Where data were usable, corrections were still
required prior to inclusion in the database. Following quality checks, data from 32 projects
were examined.

Over 1,600 hours were recorded as monitoring for marine mammals (over 1,200 hours visual
monitoring and over 400 hours acoustic monitoring), with 46% of the time spent monitoring
being prior to the first detonation of a project. Acoustic deterrent devices were active for 8%
of the monitoring time and scare charges were being used for 3% of the monitoring time.

A total of 90 marine mammal visual sightings and two acoustic detections were reported,
comprising 211 individual animals. Of the two acoustic detections, one was first detected
visually. The most frequently encountered identified species was the minke whale, followed
by the grey seal and the harbour porpoise. The distribution of encounters largely reflected
survey effort and known species distribution.

UXO clearance projects used two or more dedicated MMOs slightly more often than
decommissioning projects, but most projects had one dedicated MMO. PAM was used more
often on UXO clearance projects than decommissioning projects. All projects where the
licence required acoustic monitoring used PAM except for one UXO clearance project.
Where PAM was used, in all cases there was only one PAM operator. On some UXO
projects, a single person was used as a dual role MMO / PAM operator. There were no
cases where a single person undertook a dual role on decommissioning projects, although
PAM was used less often on these projects.

During the period 2010-2021, there was full compliance with the requirements for visual pre-
detonation searches in daylight on decommissioning projects (although two detonations took
place at night with no visual search) and most searches on UXO clearance projects (94%)
were also compliant. However, there were concerns about the effectiveness of the search,
due to the position of the main vessel at a stand-off distance and due to smaller vessels
having a low height of eye. On projects where PAM was available (but not a license
condition), acoustic searches in daylight were often inadequate, both on decommissioning
and UXO projects, usually because the search was not of the recommended duration.
Where the licence required PAM to be used, acoustic searches prior to UXO clearance were
usually of adequate duration (72%), but less were of adequate duration for decommissioning
(52%).

Acoustic deterrent devices (ADDs) were used before 84% of detonations, more often on
UXO clearance projects than decommissioning projects. ADDs were almost always used on
projects where they were required as a condition of the licence, although where durations



were specified, these were often exceeded. ADDs were usually switched off prior to
detonations / scare charges, although mostly not more than five minutes beforehand.

There were three occasions when detonations were required to be delayed due to the
presence of marine mammals within the mitigation zone, in two cases for grey seals on UXO
clearance projects and in the other case for long-finned pilot whales on a decommissioning
project. On all three occasions, detonations were delayed for at least 20 minutes after the
last sighting in the mitigation zone. However, ADDs were used throughout two of the delays
to deter the seals.

Scare charges were only used on UXO clearance projects, where they were used before
50% of detonations. The duration of scare charge use increased with the number of scare
charges employed; three charges was the most common number used. Usually, the main
detonation was immediately after the last scare charge, but on some occasions, there was a
gap between the scare charges and the detonation. For the main detonations there was no
evidence that detonations were ordered to give a progressive increase in charge size
throughout projects.

Noise abatement was not common. Bubble curtains were used on only two UXO clearance
projects where they were required by the licence. Another UXO clearance project used a
low-noise alternative method rather than a high-order detonation.

Detonations mostly took place in daylight and good visibility, as recommended to enable a
visual search beforehand. There were two detonations at night on a decommissioning
project and one detonation at dawn and one at dusk on UXO clearance projects. PAM was
used at night, and visual or a mix of visual and acoustic monitoring was used at dawn or
dusk. There were no detonations in poor visibility, but a small number of detonations in
moderate visibility where potentially the ability to observe the full extent of the mitigation
zone may have been compromised, although PAM was used to supplement visual
monitoring on most of these occasions. However, 25% of detonations commenced in poor
or suboptimal sea conditions; PAM was used to supplement visual monitoring in most cases.

An adequate duration post-detonation search was conducted more often on UXO projects
than decommissioning projects. Approximately one-fifth of post-detonation searches on
decommissioning projects were inadequate. Where impacts were noted, the most common
was dead fish floating at the surface. Feeding birds were sometimes seen, usually in
combination with dead fish. There were two occasions where dead crabs were seen and
one occasion when dead birds (two guillemots) were observed.

The low number of sightings / acoustic detections limited the ability to examine the response
of marine mammals to explosives, particularly for individual species. Where data could be
analysed, sample sizes were low, so the results should be treated with caution. No
significant differences were found in detection rates of seals or cetaceans between periods
prior to and post detonations. Similarly, there were no significant differences in detection
rates of grey seals or the combined groups of all seals or all cetaceans between the hours
following detonations on the detonation date and all other periods. Seals were not
significantly further from the detonation site in the hours following detonations compared to
other times.

There were insufficient data to assess the effectiveness of ADDs or scare charges. One
grey seal appeared in the mitigation zone while an ADD was active; although it was recorded
as swimming away from the vessel it resurfaced in the mitigation zone after 20 minutes of
further ADD use. Another grey seal appeared in the mitigation zone just after the lastin a



sequence of scare charges. There were no other detections during ADD or scare charge
use.

Recommendations are made for items to be considered when the explosives guidelines are
next revised. These include: a greater emphasis on noise abatement (e.g. bubble curtains,
low-order UXO clearance methods); ensuring there are sufficient numbers of mitigation
personnel; consideration of the need for two observation platforms and/or PAM arrays;
strengthening the requirement to commence detonations in daylight and good visibility, with
more specific criteria including ensuring that pre- and post-detonation monitoring is
completed in daylight; restricting detonations to good sea conditions; more guidance on the
use of ADDs; caution and guidance on the use of scare charges; requiring that reports and
data are submitted to JINCC as well as the relevant regulator; and recommending that MMOs
and PAM operators perform thorough checks of their data. Proposals for Marine Mammal
Recording Forms specific to explosives operations are also made.
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1 Introduction

Explosives are used in UK waters primarily for decommissioning oil wells that are no longer
in production and for clearance of unexploded ordnance (UXO), the latter often being
required during the development of offshore wind farms (OWF). The use of explosives
creates high levels of impulsive noise (Brand 2021a, 2021b). Anthropogenic noise in the
world’s oceans, and its potential impacts on marine mammals and other marine fauna, has
attracted much attention in recent years. Potential impacts of noise on marine mammals
include behavioural changes, masking of biologically important sounds and, if received
levels are high enough, injury (Richardson et al. 1995). Impulsive noise, such as that
produced during the detonation of explosives, poses a higher risk of auditory injury to marine
mammals than non-pulsed noise, due to the high peak levels and rapid rise time that
characterise impulsive sounds (Southall et al. 2007). In addition to auditory injury, the shock
wave produced during detonations has the potential to cause blast injuries (Yelverton et al.
1973; Young 1991; Ketten et al. 1993; Ketten 1995, 2006; Danil & St Leger 2011; Koschinski
2011; US Navy 2015; Siebert et al. 2022).

European Protected Species (EPS) are protected from deliberate killing, injury and
disturbance under the Conservation of Habitats and Species Regulations 2017 (and similar
legislation for Scottish and Northern Irish inshore waters) and the Conservation of Offshore
Marine Habitats and Species Regulations 2017. Marine EPS whose natural range includes
UK waters consist of cetaceans, marine turtles, and the Atlantic sturgeon (turtles and the
Atlantic sturgeon are at the limit of their range in UK waters and only occur in low numbers).
To reduce the risk to marine mammals in UK waters, the Joint Nature Conservation
Committee (JNCC) has developed a suite of mitigation guidelines covering geophysical
surveys, pile driving and the use of explosives. The guidelines for explosive operations were
first introduced in 2009 and were revised in 2010 (JNCC 2010a); the 2010 version was
current throughout the period covered by this report. The guidelines have various
provisions, including the requirement to monitor for marine mammals prior to commencing
detonations and delay the detonations if a marine mammal is detected within a specified
mitigation zone. Monitoring is conducted visually by Marine Mammal Observers (MMOSs) but
may also be conducted acoustically by Passive Acoustic Monitoring (PAM) operators. For
some projects, acoustic deterrent devices (ADDs) may be recommended to deter marine
mammals from the area immediately prior to operations and it is recommended that charges
should be detonated in a sequence of increasing size. Monitoring must continue for a short
period following the detonation to look for any evidence of impacts on marine life. The
primary role of the MMO or PAM operator is to provide advice to enable the crew to comply
with the JNCC guidelines and hence mitigate potential negative impacts of explosives
operations on marine mammals. MMOs and PAM operators also record data on the
operations, the watches and any marine mammals detected using standardised Marine
Mammal Recording Forms (JNCC 2012a).

Analysis of mitigation and monitoring data is important for evaluating the effectiveness of
mitigation measures (Nowacek et al. 2013; Nowacek & Southall 2016). Periodic analysis
has been undertaken of MMO and PAM data from geophysical surveys in UK waters (e.g.
Stone 2023a, 2023b). The current study presents a similar analysis of MMO and PAM data
from explosives operations in UK waters between 2010 and 2021 to assess both compliance
with JINCC guidelines and marine mammal behavioural responses to explosives. The study
includes data from decommissioning projects in the oil and gas industry (O&G) and



clearance of UXO (UXO clearance was undertaken for the O&G industry, the OWF industry
and for electrical interconnector cables).



2 Methods

2.1 Marine mammal observations and effort

Marine mammal observations were undertaken during projects using explosives in UK
waters. This report examines all data since the publication of the INCC guidelines in 2010
until 2021.

Visual watches for marine mammals were carried out during daylight hours. Observers
ranged from biologists experienced in marine mammal surveys to hon-scientific personnel
who in many cases had undergone JNCC-recognised MMO training (https://[ncc.gov.uk/our-
work/marine-mammal-observer-training/). In addition, PAM was utilised on some projects.
Some visual observations were also carried out whilst on transit to sites, but PAM was only
undertaken whilst on site.

MMOs and PAM operators completed standard Marine Mammal Recording Forms that
require that effort (number of hours of visual or acoustic monitoring) is recorded in addition to
detections of marine mammals. Several versions of these forms have been issued over the
years (latest version JNCC 2012a), but all versions are compatible and allowed data to be
included in the database. There are currently four tabs within this form:

e Cover Page: general information about the project.
e Operations: times of noise-producing operations and associated mitigation.

o Effort: details of visual and acoustic monitoring, including time, position, source activity
and weather conditions.

e Sightings: details of any marine mammals encountered.
Weather conditions were recorded in discrete categories on the ‘Effort’ tab:

e sea state was categorised as ‘glassy’ (equivalent to Beaufort sea states of 0—1), ‘slight’
(Beaufort sea states 2—3), ‘choppy’ (Beaufort sea states 4-5) and ‘rough’ (Beaufort sea
states = 6);

o swell was categorised as 0—2m, 2—4m or > 4m;
¢ visibility was categorised as < 1km, 1-5km or > 5km;

e sun glare was categorised as ‘none’, ‘weak’, ‘strong’ or ‘variable’ with the direction as
‘forwards’ or ‘behind’;

e precipitation was categorised as ‘none’, ‘light rain’, ‘moderate rain’, ‘heavy rain’ or ‘snow’.

When marine mammals were encountered, observers recorded the species (with a
supporting description and/or photograph), number of animals, behaviour, closest distance
of approach to the detonation site and the operational activity at the time of the encounter.
Observers used different methods to estimate the range to animals, but reticle binoculars or
a rangefinder stick (Heinemann 1981) were the most common methods. Observers
recorded any behaviours that were apparent rather than selecting from a set list, although
the Guide to Using Marine Mammal Recording Forms (latest version JNCC 2012b) gave
examples of behaviours that may be seen. Feeding can be difficult to be sure of, but MMOs
are taught during training that behaviours indicative of feeding might include cetaceans
being observed with a fish; lunge-feeding in baleen whales; and in dolphins erratic, fast
swimming with frequent changes of course and birds diving alongside etc.


https://jncc.gov.uk/our-work/marine-mammal-observer-training/
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2.2  Data quality control

Only data of acceptable quality were entered into the database and subject to analysis.
Data checks were applied consistently following a standard list of over 60 checks (Barton
2022). Examples included: checking that operational activity was accurately recorded during
observation effort; that positions were credible given the details of the project and (for
moving vessels) the time interval and speed of the vessel; that species identity
corresponded with the description and/or photograph; and that there was reasonable
confidence that behaviour had been recorded accurately (e.g. not an unusually high
proportion of sightings by one observer exhibiting the same behaviour). Any errors found
were corrected where possible. Only data considered accurate or that had minor
inaccuracies that could be corrected were entered into the database. Data with key
information missing or errors that were not able to be corrected were discarded.

The recording forms were designed for geophysical surveys and, whilst the use of scare
charges could be recorded as a soft start, there was no facility for recording the use of
ADDs. Additional data regarding the timings of ADD operation, where available, were added
to the forms prior to inclusion in the database; start and stop times were added to the
Operations form while source activity on the Effort and Sightings forms were amended
where relevant to reflect ADD use. Similarly, the Operations form did not have the facility to
record times of the post-detonation search separately to the pre-detonation search, but the
relevant search times recorded on the Effort form (or entered as a combined pre- and post-
detonation search on the Operations form) were entered separately on the Operations form
prior to inclusion in the database.

Following the quality control process, data from a total of 32 projects were included in the
database and available for analysis, spanning the period from 2010 to 2021. Of the 32
projects in the database, 16 were decommissioning projects for the O&G industry and 16
were UXO clearance (nine for the OWF industry, five for the O&G industry and two for
electrical interconnectors).

2.3 Explosives operations

Of the 32 projects entered into the database, 31 used high-order detonations using a variety
of explosives; where recorded, nitromethane and Semtex were the most common. The net
explosive quantity (NEQ) used was not always recorded. Where recorded, for
decommissioning NEQs of up to 86kg were used, with 58% using an NEQ exceeding 30kg.
For UXO clearance, donor charges with NEQs of up to 25kg were used, with 95% being
10kg or less, whilst the UXOs ranged between 20kg and 560kg. The source level of the
explosions was rarely recorded, but where noted was up to 279 dBP*Pkre. 1 yPa @ 1m.

One UXO clearance project used a low-noise alternative to high order clearance, involving
the use of two simultaneous donor charges of 750g NEQ each.

For ten decommissioning projects and 11 UXO clearance projects, ADDs were used to deter
marine mammals before detonations commenced. In most cases where the type was
recorded, a Lofitech Seal Scarer was used, although two decommissioning projects used
Aquamark 210 devices. Most projects using ADDs used just one device; 22% of
decommissioning projects and 33% of UXO clearance projects using ADDs used two
devices simultaneously. The Lofitech Seal Scarer emits an acoustic signal with a
fundamental frequency of 14.6kHz and a source level of 204 dBP re. 1 yPa @ 1m, while the



Aguamark 210 emits frequencies of 5-150kHZ with a source level of 150 dBPkre. 1 yPa @
1m (McGarry et al. 2017).

Six UXO clearance projects used scare charges prior to the main detonation. Between one
and five charges were used in a sequence, with three charges being most common. Two
projects varied the number of scare charges based on the size of the UXO to be disposed of.
Where multiple scare charges were used, they were typically detonated at five-minute
intervals, with a progressive increase in charge size with each subsequent detonation.
Although one project used a single charge of 100g NEQ, typically the first charge was 50¢g
NEQ with an increase in NEQ of 50g with each subsequent detonation, up to a maximum of
250g NEQ when five charges were used. ADDs were used prior to the scare charges on
five of the six projects where scare charges were used.

2.4  General trends in survey effort and species distribution

Maps of effort and species distribution were plotted using DMAP for Windows and show the
200m (short dashed line) and 1,000m (long dashed line) isobaths. For convenience,
offshore oil and gas quadrants and blocks were used to plot maps for both decommissioning
and UXO clearance projects (one quadrant = 1° latitude x 1° longitude rectangle, comprising
30 blocks measuring 10’ latitude x 12' longitude). Effort maps were plotted after summing
the amount of effort in each quadrant where the watch started. Individual species maps are
included in Appendix 1. Species maps were plotted after summing the number of individuals
of each species in each offshore oil and gas licensing block.

2.5 Analysis of compliance

Compliance with the INCC explosives guidelines and licence conditions (where known) was
examined for all detonations. Misfires were included (except where specified) as mitigation
should have been in place the same as for successful detonations. Where appropriate, data
for decommissioning projects were analysed separately from UXO clearance projects in
order to assess practices on each type of operation.

2.5.1 Noise abatement

Noise abatement is not included in the current explosives guidelines but may be required as
a licence condition. Where available, licences were examined to establish whether any form
of noise abatement was required, such as the use of a bubble curtain. For projects where
noise abatement was required, MMO reports were examined to assess compliance with this
requirement.

2.5.2 MMOs and PAM operators

The number of dedicated MMOs per project was assessed for the different types of project.
Where PAM was used, the number of PAM operators was also assessed.

2.5.3 Useof PAM

The proportion of projects using PAM was assessed for the different types of project. Where

licences were available for examination, whether PAM was used was checked for those
projects where PAM was required as part of the licence.
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2.5.4 The pre-detonation search

Pre-detonation searches were required prior to any detonation. A search of adequate
duration was defined as beginning 60 minutes before the detonation and not terminating
prior to the detonation.

The proportion of occasions when visual pre-detonation searches were adequate was
assessed for detonations during daylight hours on all projects. Acoustic searches during
daylight were assessed for all projects where PAM was used and also for those projects
where it was known that the licence required PAM to be used (where licences were available
for examination). There were only a few detonations at dawn, dusk or during the night, but
monitoring prior to these was also assessed.

2.5.5 Acoustic deterrent devices

For projects where licences (where available for examination) required that ADDs were
used, the data were examined to ascertain whether they were used and whether any
requirements for the duration of their use were complied with.

The duration of ADD use was also examined for all projects using ADDs, whether required
by licence or not. The JNCC explosives guidelines say that ADDs should be switched on
during the pre-detonation search, but do not specify a period of monitoring beforehand.
Nevertheless, the data were examined to see what monitoring was in place prior to the use
of ADDs. The guidelines say that ADDs should be switched off immediately once
detonations commence; when ADDs were switched off in relation to detonations was
therefore examined.

The JNCC guidelines do not address what should happen if a marine mammal is detected
when ADDs are active. Any detections of marine mammals in the mitigation zone while the
ADD was active were examined to establish what procedures were put in place.

2.5.6 Delays in operations

The number of occasions when a delay in operations was required due to the presence of
marine mammals in the 1km mitigation zone was compared to the number of detonations.
The JNCC guidelines say that detonations should not commence within 20 minutes of
marine mammals being detected in the mitigation zone; procedures enacted in the event of a
marine mammal occurring in the mitigation zone during the pre-detonation search were
assessed.

2.5.7 Scare charges

The JNCC guidelines do not include the use of scare charges as a mitigation measure, but
as these were sometimes used on UXO clearance projects their use was examined. For the
six UXO projects where scare charges were used, the number of charges and minimum,
maximum and mean duration of their use was assessed. The duration of monitoring
beforehand and the time between the last scare charge and the detonation was also
examined.

Any detections of marine mammals in the mitigation zone during the sequence of scare
charge detonations were examined to establish what procedures were put in place.

11



2.5.8 Sequencing of charges

The JNCC guidelines say that where possible the order in which charges are detonated
should be controlled with a progressive increase in charge size. For projects where there
was more than one detonation, the order in which charges were detonated was examined in
relation to the NEQ (where recorded).

2.5.9 Detonations at night or in poor conditions

The JNCC guidelines say that detonations should only commence during hours of daylight
and good visibility and that observers should be able to monitor the full extent of the
mitigation zone. The number of detonations at night or in poor visibility was assessed; for
poor visibility this could only be assessed where weather had been recorded on the Effort
forms. Poor visibility on the Effort forms is defined as < 1km. Moderate visibility is defined
as 1-5km, so potentially in some periods of moderate visibility the full extent of the mitigation
zone may not have been visible, depending on the observer’s location. Therefore, the
number of detonations in both poor and moderate visibility, as recorded on the Effort forms,
was assessed. The guidelines also recommend that PAM is used during periods when the
sea state is not conducive to visual mitigation, therefore this was also assessed; poor sea
conditions were defined as ‘rough’ sea states or swell > 4m and suboptimal conditions as
‘choppy’ sea states or 2-4m swell.

2.5.10 Post-detonation search

Post-detonation searches were required after any detonation, looking for evidence of any
impacts on marine life. Due to the nature of the search, post-detonation searches had to be
visual. A search of adequate duration was defined as beginning at the time of detonation
and not terminating until 15 minutes had elapsed since the detonation. The proportion of
occasions when post-detonation searches were adequate was assessed for all detonations
(except misfires).

For all post-detonation searches carried out, MMO reports and data were examined for any
records of evidence of impacts on marine life, e.g. dead fish at the water surface.

2.6 Response of marine mammals to explosives

2.6.1 Analysis and statistical tests

For some analyses, it was not appropriate to use all the data in the database. For example,
some sightings or acoustic detections had no accompanying effort data so could not be used
where detection rates per unit effort were calculated; for other aspects of analysis, effort data
was not necessary, and all sightings and acoustic detections were used.

Due to the differences in the methodology (see Section 2.3), it was not appropriate to
analyse high-order detonations together with low-noise methods. There were no detections
during the project that used a low-noise method, so it was not possible to examine the
response of marine mammals to this method.

For some analyses, other variables had the potential to influence the results. Weather
conditions influence the ability of observers to detect marine mammals (e.g. Northridge et al.
1995; Teilmann 2003; Hammond et al. 2013). If weather was likely to bias the results,
periods with the same weather conditions were compared where possible. Location,
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season, observer ability and monitoring method (visual or acoustic) also needed to be
considered as potential influences for some analyses.

Non-parametric statistical tests were used throughout (Siegel & Castellan 1988); these tests
make fewer assumptions about the nature of the populations from which the data are drawn
and do not require that the data are normally distributed. The following sections describe the
tests that were used for each aspect of the analysis.

Results are presented for individual species where sample size permitted. Where the
species level sample size was too small, (this varied depending on the test being used),
groups of combined species were used (e.g. all seals, all cetaceans, all mysticetes, all
delphinids). These combined species groups comprised all identified and unidentified
animals within that taxonomic grouping (Table 1).

Table 1. Division of marine mammal species into combined species groups for analysis.

Pinnipeds Mysticetes Delphinids
Seal sp. Humpback whale Long-finned pilot whale
Grey seal Minke whale Killer whale
Harbour seal Dolphin sp.

Bottlenose dolphin
White-beaked dolphin

2.6.2 Detection rates prior to and post detonations

Monitoring often commenced in the days prior to operations commencing, as preparations
were made, and often continued in the days after detonations. Detection rates were
compared between all periods prior to the detonation and all subsequent to the detonation.
Due to low numbers of detections, data could only be compared for the combined groups of
all seals or all cetaceans. As there was only one project using a low-noise method, data
were only compared for high-order detonations.

Matched pairs (prior to detonation versus post detonation) were used where for each pair the
project, ship, observer / PAM operator, monitoring method (visual or acoustic) and weather
conditions (sea state, swell and, for visual observations, visibility) were the same. As
projects were mostly of relatively short duration, temporal variation was controlled to some
extent by having all observations within each matched pair being within the same project.
Spatial variation was also controlled by comparing pairs within the same project, as projects
were located at specific sites. Monitoring effort and detections whilst on transit to sites were
excluded. The resulting matched pairs (prior to detonation versus post detonation) were
tested using the Wilcoxon signed ranks test, a non-parametric test appropriate for two
related or matched samples that ranks the differences between each pair. It compares both
the direction of the difference in each pair (i.e. which is greater) and also the magnitude of
the difference (i.e. by how much is it greater). The Wilcoxon signed ranks test can be
performed on small samples, with significant results being able to be detected with sample
sizes as low as five matched pairs (Siegel & Castellan 1988).

When comparing detection rates prior to and post detonations, the post detonation periods
included monitoring up to 10 days after the detonation. Potentially any initial decline in
detections could have been masked if animals later returned to the area. Initial examination
of the data showed that there were fewer detections in the hours following the detonation on
the detonation date than there were either prior to the detonation or in the days subsequent
to the detonation. The analysis was therefore repeated comparing detection rates in the
hours following the detonation on the detonation date to all other periods. Due to low
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numbers of detections data could only be compared for grey seals and the combined groups
of all seals and all cetaceans and only for high-order detonations. Matched pairs were again
used, this time comparing the hours following detonation versus all other times. The project,
ship, observer / PAM operator, monitoring method (visual or acoustic) and weather
conditions (sea state, swell and, for visual observations, visibility) were the same within each
pair and monitoring effort and detections whilst on transit to the site were excluded. The
resulting matched pairs (hours following detonation versus all other times) were tested using
the Wilcoxon signed ranks test.

2.6.3 Closest distance of approach to the detonation site

When marine mammals were detected prior to detonations, often the closest distance of
approach to the detonation site was not recorded. Owing to this, it was not possible to
compare the closest approach prior to detonation with that post detonation, as sample sizes
prior to the detonation were low. However, by combining observations prior to the
detonation with those on days after a detonation, it was possible to compare the closest
approach in the hours following a detonation on the detonation date with the closest
approach at all other times. Distance estimation with PAM is not as accurate as with visual
monitoring (Stone 2015, 2023a), so only visual detections (with or without accompanying
effort data) were used. Only data from high-order detonations were used.

Detonations were less likely to be conducted in rough weather conditions and in such
conditions, animals would be harder to detect at distance; this could result in bias towards
closer distances in the days prior to or subsequent to detonations. However, sample sizes
were such that the influence of weather could not be controlled for, nor was it possible to
account for observer bias.

The closest distance of approach of animals to the detonation site during an encounter was
compared (after a detonation on the detonation date versus all other times) using the
Wilcoxon-Mann-Whitney test. Scores were ranked and Wy was determined by summing the
ranks in the smallest group. The Wilcoxon-Mann-Whitney test can be performed on small
samples, with significant results being able to be detected with sample sizes as low as three
in each group (Siegel & Castellan 1988).

2.6.4 Behaviour

Only visual sightings were used to examine behaviour of marine mammals. All sightings on
site were used, including those without associated effort and during any weather conditions.
Behaviour before and after detonations was examined, although sample sizes were
insufficient to permit statistical analysis. Behaviour of any animals seen during the use of
ADDs or scare charges was also examined.
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3 Results

3.1 Data submission and quality

Between 2010 and 2021, there were 55 O&G decommissioning projects recorded as being
licensed. Records show that ten of these projects were downhole detonations at depths
where mitigation was not required (generally deeper than 700m below the seabed, although
during 2021 the threshold in some cases changed to 100m below the seabed). A further six
projects utilised other methods (e.g. cutting tools) or stated that explosives were a
contingency option so potentially explosives were not used in these cases. MMO reports
and/or data were received from only 19 of the remaining 39 projects. Of the 19 projects
where reports and/or data were received, four had no MMO report and for three the
submitted data were discarded due to poor quality. For two projects, the data were in Word
or pdf format and had to be transcribed into the Excel recording forms (one of these was a
project where the data were ultimately discarded). Data for 16 O&G decommissioning
projects were of acceptable quality to be included in the database after checks and
corrections.

There were 23 licensed UXO clearance projects between 2010 and 2021 of which 16
submitted MMO reports and/or data. Of these 16 projects, one lacked a report but sent data,
and three (one in whole and two in part) provided data in pdf format that required
transcribing into the Excel recording forms, but all 16 projects had data that were usable
after checks and corrections. Of the seven UXO projects that did not submit MMO reports or
data, one corresponding license had no mention of reporting requirements but licenses were
unavailable for the rest.

Where data were usable, corrections were still required prior to inclusion in the database.
Typical errors included: source activity on the Effort form not corresponding with activity
recorded at the appropriate time on the Operations form (or combining source activities as
variable over a period rather than recording each activity separately on the Effort form);
recording times using different time zones (BST was sometimes used instead of UTC);
misaligning columns in the spreadsheet such that data were entered into the wrong columns
for part of a project; and errors in recording whether positions of longitude were east or west
of the Greenwich meridian.

Relevant information not currently requested on the recording forms was sometimes, but not
always, included on the forms or in MMO reports. Most (78%) projects included in the
database noted details of the type of explosive in the MMO report and most (75%) also
recorded the NEQ (for UXO clearance projects this was the NEQ of the donor charge).
However, only 38% of UXO clearance projects recorded the estimated NEQ of the UXO.

For 90% of the projects where ADDs were used the timing of ADD use was noted
somewhere, usually in the MMO report but sometimes added to the recording forms in
varying formats. All six projects using scare charges recorded the times of their use, usually
on the recording forms but again in varying formats. Although the formats varied, the
availability of data on the timing of ADD or scare charge use enabled this information to be
collated in a consistent format prior to inclusion in the database.
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3.2 Overview of survey effort and species distribution

Observations encompassed 48 quadrants (1° rectangles) throughout UK waters, including
some that were passed in transit to or from the site when operations were not ongoing, but
sightings were still recorded. A total of 1,698 hours 27 minutes were recorded as monitoring
for marine mammals between 2010 and 2021; of this, 1,264 hours 04 minutes were recorded
for visual monitoring and 434 hours 23 minutes for acoustic monitoring. 46.0% of the time
spent monitoring was prior to the first detonation of a project, while 54.0% was after the
detonation(s) had commenced. ADDs were active for 7.6% of the total time spent
monitoring and scare charges were being used for 2.5% of the time.

There was much less acoustic monitoring than visual monitoring (Figure 1). Whilst some
monitoring was undertaken while vessels were in transit, which sometimes was from foreign
ports, this was always visual monitoring with PAM being limited to periods spent on site.
Only 11.2% of monitoring effort was whilst on transit.

Effort

[ 0-10 hours
[ 11:20 hours
[ 2150 hours
D 51-100 hours

[J 0-10hours
[0 1120 hours 0N
[ 2150 hours

[ 51100 hours

) ) ! 5100 hours ) ) . ) ) 1 >100 hours
14W  12W  10W  8W  6W AW 2w 0 2 4E 6E 8E  10E 14W 12w 10W  BW  6W AW 2w 0 2 4E 6E 8E  10E

a) Visual monitoring b) Acoustic monitoring

Figure 1. Visual and acoustic monitoring effort during explosives projects, 2010-2021 (scale 1°
quadrants).

Although there were data from the same number of O&G decommissioning projects and
UXO projects, monitoring effort covered a wider area for decommissioning (Figure 2). The
total time spent monitoring on each was similar: 808 hours 21 minutes for O&G
decommissioning projects and 890 hours 06 minutes for UXO projects. However, acoustic
monitoring was used relatively more often on UXO projects (38.9% of monitoring was
acoustic) than on O&G decommissioning projects (10.9% of monitoring was acoustic).
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Figure 2. Monitoring effort (visual and PAM combined) during O&G decommissioning and UXO
projects, 2010-2021.

There were temporal variations in monitoring effort between years (Figure 3 and Figure 4).
For both decommissioning and UXO projects, more time was spent monitoring between
2016 and 2021 than in earlier years, but this was particularly evident for UXO projects.
There was a marked increase in monitoring effort on UXO projects since 2019, reflecting an
increase in the number of UXO projects but also an increase in the number of items of
ordnance to be disposed of within projects. There was also a seasonal variation in
monitoring effort with more decommissioning projects taking place during the summer
months (Figure 5) and more UXO clearance taking place during the spring (Figure 6).

17



62N
60N
58N
56N
54Nl
52Nk
Effort Effort
[ 0-10 hours [ 0-10 hours
50N [0 1120 hours SON- [ 1220 hours
[ 2150 hours [ 2150 hours
[ 51100 hours [ 51100 hours
‘ . ‘ ‘ ‘ 1 >100 hours ‘ N ‘ ‘ ‘ l >100 hours
14w 12w 10w 8w 6w 4w 2w [ 2E 4E 6E 8E 10E 14w 12w 1ow 8w W 4w 2w 0 2E 4E 6E 8E 10E

a) 2010-2015

b) 2016-2021

Figure 3. Temporal variation in monitoring effort (visual and PAM combined) during O&G
decommissioning projects throughout the period from 2010-2021.
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Figure 4. Temporal variation in monitoring effort (visual and PAM combined) during UXO projects
throughout the period from 2010-2021.
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Figure 5. Seasonal monitoring effort (visual and PAM combined) during O&G decommissioning
projects from 2010-2021 (all years combined).
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Figure 6. Seasonal monitoring effort (visual and PAM combined) during UXO projects from 2010—
2021 (all years combined).

A total of 92 marine mammal sightings or acoustic detections comprising 211 individual
animals were encountered, including 35 sightings whilst on transit to or from the site. Most
were seen visually (90) with just one detected only acoustically and one detected by both
visual and acoustic means. The most frequently encountered identified species was the
minke whale (Table 2), followed by the grey seal and the harbour porpoise (an encounter
being one or more animals occurring together). Other species were seen infrequently.
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Table 2. Marine mammal encounters during projects using explosives in UK waters from 2010-2021
and estimated number of individuals. Where number of individuals could not be determined with PAM
a minimum number of one was assigned.

Species No. sightings  No. acoustic No.
(and no. detections detections
individuals) (and no. both visual
individuals) and acoustic
(and no.
individuals)

Seal sp. 15 (15)

Grey seal 17 (24)

Harbour seal 7 9

Cetacean sp. 1 Q)

Whale sp. 3 3)

Large whale sp. 1 (1)

Humpback whale 1 Q)

Minke whale 18 (22)

Long-finned pilot whale 2 (11) 1 (8)

Killer whale 2 @)

Dolphin sp. 5 (27) 1 Q)

Bottlenose dolphin 4 (43)

White-beaked dolphin 3 (15)

Harbour porpoise 11 (23)

Total 90  (202) 1 @ 1 (8)

The distribution of sightings and acoustic detections reflected survey effort, with most
sightings / detections occurring in the southern and northern North Sea with a few further
north to the north and west of Shetland (Figure 7). Some sightings were seen whilst in
transit, including clusters of sightings to the west of Orkney and off the Humber estuary.
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Figure 7. Encounters with marine mammals during projects using explosives, 2010-2021.

Individual species maps are included in Appendix 1 (Figure 9 to Figure 17). Seals were
encountered mostly close to the coast in the North Sea (Figure 9 and Figure 10). Grey seals
were seen more often than harbour seals, with most being seen off north-east Scotland,
particularly along the Aberdeenshire coast and off the Firth of Forth. Both harbour and grey
seals were also seen further offshore in the southern North Sea.

There was only one sighting of a large rorqual whale, a humpback whale seen off the Firth of
Forth (Figure 11). The smaller minke whale was seen in the northern North Sea and to the
north and west of Shetland and Orkney, although highest numbers were seen off the Firth of
Forth in a similar location to the humpback whale (Figure 12).
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As well as having concentrations of minke whales and grey seals and a sighting of a
humpback whale, the area off the Firth of Forth also had killer whales, bottlenose dolphins
and harbour porpoises (Figure 14, Figure 15 and Figure 17). These sightings occurred
during UXO clearance at one OWF, which was the project with the highest number of marine
mammal sightings overall. It was also the project with the highest number of detonations
and consequently the most hours spent monitoring.

Apart from those seen of the Firth of Forth, killer whales occurred further north to the north-
east of Shetland (Figure 14). Long-finned pilot whales also had a northern distribution, being
seen in the northernmost parts of the North Sea and in deep waters to the west of Shetland
(Figure 13).

Bottlenose dolphins were seen mostly close inshore off the coast of Aberdeenshire and in
the Moray Firth (Figure 15). White-beaked dolphins had a more offshore distribution, mainly
in the northern North Sea and to the north-east of Shetland (Figure 16). Harbour porpoises
had a widespread distribution throughout the northern and southern North Sea in both
inshore and offshore waters (Figure 17).

3.3 Compliance with guidelines

3.3.1 Noise abatement

There were only two projects where any form of noise abatement was required; in both
cases bubble curtains were used. Both were UXO clearance projects in 2018 and 2019.
For both projects, UXOs with a high NEQ were due to be detonated (220kg and 260Kkg),
although there were also other projects with high NEQ UXOs where the licence did not
require the use of a bubble curtain. The licences required bubble curtains to be used in
water currents less than 0.5ms™* (although one licence applied this limit to deployment only,
with operation of the bubble curtain in currents of up to 1.5ms™?).

During these two projects, bubble curtains were used for four detonations, three (220kg
NEQ) on one project and one (260kg NEQ) on the other. For the first project there were no
detonations where the bubble curtain was not used. The diameter of the bubble curtain was
80m and it was started 15 minutes before the detonation. On the other project, there was
one other detonation where the bubble curtain was not used, but this was a smaller UXO (32
kg NEQ) and the licence said that the bubble curtain would not be required for UXOs with an
NEQ less than 50kg. When the larger UXO was detonated, the bubble curtain was used but
there were no further details.

There were two further UXO clearance projects where bubble curtains were mentioned in
the licence; one (in 2019) where a bubble curtain was required for UXOs with NEQs greater
than 50kg and the other (in 2017) that noted a bubble curtain should be used “where
appropriate”. Neither used bubble curtains; the project where a bubble curtain was required
for larger UXOs only had UXOs smaller than 50kg NEQ.

An alternative to high-order detonation was used on only one UXO clearance project. This
method was used for four UXOs on that project, although the NEQ of the UXOs was not
recorded.

3.3.2 MMOs and PAM operators

The total number of personnel in the mitigation team varied between one and three for
decommissioning projects and one and four for UXO clearance projects. The average
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number of mitigation personnel was 1.7 for both types of projects. However, a single
person was more common on UXO clearance projects than decommissioning projects (53%
and 44% of projects respectively). Where additional personnel were used, this was more
likely to be another MMO on UXO clearance projects and a PAM operator on
decommissioning projects.

UXO clearance projects used two or more dedicated MMOs slightly more often than
decommissioning projects (22% and 19% of projects respectively). One UXO project had
three dedicated MMOs. However, the majority of projects of both types used just one
dedicated MMO.

Where PAM was used, in all cases there was only one PAM operator. On four of the 11
UXO projects using PAM, a single person was used as a dual role MMO / PAM operator. In
one case, this person was doing visual observations whilst monitoring remote headphones
for PAM. In another case, there was a single vessel with a single dual role MMO / PAM
operator for part of the project, and two vessels each with a single dual role MMO/ PAM
operator for the other part. In the first part PAM was not used while in the second part PAM
was used for a portion of each pre-detonation search. For the two other projects with a
single dual role MMO / PAM operator, either visual observations or PAM were used
depending on conditions. There were no cases where a single person undertook a dual role
on decommissioning projects, although PAM was used less often on these projects.

3.3.3 Use of PAM

PAM was used on 50% of decommissioning projects and 69% of UXO clearance projects.
All projects where the licence (where available for examination) required acoustic monitoring
used PAM with the exception of one UXO clearance project. In that project, although the
licence required visual and acoustic monitoring, ADDs, scare charges and a bubble curtain,
the Marine Mammal Mitigation Plan (MMMP) included all elements except acoustic
monitoring (although in the event scare charges were also not used).

Where specified, all but one project using PAM had a hydrophone cable deployed vertically,
mostly from the main platform or vessel, but on two occasions from a smaller fast rescue
craft. Only one project (a UXO clearance project) recorded using a towed array, this being
deployed from a smaller survey vessel separate to the main vessel circling around the UXO
location.

There were only two acoustic detections, these being of unidentified dolphins and long-
finned pilot whales, the latter being first detected visually.

3.3.4 Pre-detonation search

During the period 2010-2021, there was full compliance with the requirements for visual pre-
detonation searches in daylight on decommissioning projects, although it should be noted
that two detonations took place at night with no visual search; most searches on UXO
projects were also compliant (Table 3). Eight of the nine non-compliant daylight visual
searches were due to the search commencing late. Seven of these appeared to be due to
the MMO transferring between the main vessel and a smaller vessel, resulting in a gap in
monitoring. The other non-compliant search ended prematurely.
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Table 3. Percentage (and sample size) of adequate duration visual pre-detonation searches during
daylight.

Year Decommissioning UXxo

2010 100.0 1) -

2011 100.0 4) 100.0 (1)
2012 - -

2013 - 100.0 (8)
2014 100.0 2 -

2015 100.0 1) -

2016 100.0 (3) 97.4 (38)
2017 100.0 (13) 100.0 (8)
2018 100.0 (3) 100.0 2
2019 - 97.2 (36)
2020 100.0 (6) 88.5 (61)
2021 - 100.0 (7)
Total 100.0 (33) 94.4 (161)

On projects where PAM was available, acoustic searches in daylight were often inadequate,
both on decommissioning and UXO projects (Table 4). While 15% of inadequate acoustic
searches were due to no acoustic search being undertaken, in most cases an acoustic
search was conducted but was not long enough (29% of inadequate acoustic searches
terminated prematurely, 5% did not start far enough in advance of the detonation, while 51%
both started late and ended too soon). On UXO projects, 20% of acoustic searches (where
there was a search) were less than ten minutes in duration. Where licences were available
for examination, there was only one decommissioning project and five UXO projects where
PAM was required to be used as a licence condition. Both acoustic searches for the
decommissioning project ended too soon as deployment of the PAM array through the moon
pool meant that it had to be recovered 15 minutes prior to the detonation. For most UXO
detonations, there was an adequate acoustic search when it was required by licence (Table
5); four of the five UXO clearance projects that required PAM as a licence condition had fully
compliant acoustic searches but the fifth project did not use PAM at all.

Table 4. Percentage (and sample size) of adequate duration acoustic pre-detonation searches in
daylight on projects where PAM was used.

Year Decommissioning UXxo

2010 0.0 1) -

2011 0.0 4) -

2012 - -

2013 - 87.5 (8)
2014 0.0 (2) -

2015 - -

2016 0.0 (3) 0.0 (38)
2017 100.0 (12) 100.0 (8)
2018 33.3 (3) -

2019 - 100.0 (33)
2020 - 96.7 (61)
2021 - 66.7 (6)
Total 52.0 (25) 72.1  (154)
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Table 5. Percentage (and sample size) of adequate duration acoustic pre-detonation searches in
daylight on projects where PAM was required as a licence condition (where licences were available
for examination).

Year Decommissioning UXxo

2010 - -

2011 - -

2012 - -

2013 - -

2014 0.0 ) -

2015 - -

2016 - -

2017 - 100.0 8)
2018 - -

2019 - 91.7  (36)
2020 - -

2021 -

Total 0.0 ) 932 (44)

The JNCC guidelines recommend that detonations are undertaken in daylight. There were
two detonations at night on one decommissioning project; there was an adequate duration
acoustic search prior to both detonations but due to darkness there was no opportunity for
visual monitoring. There was one detonation at dawn on a UXO project and one detonation
at dusk on another UXO project. With the dawn detonation, there was a search initially with
PAM, but this then switched to a visual search; however, there was a five minute gap in
monitoring when switching between methods as there was a single dual role MMO/PAM
operator on the project. With the detonation at dusk there was a visual search of adequate
duration beforehand.

Some MMO reports from UXO clearance projects noted that vessels were positioned at a
stand-off location outside of the mitigation zone, meaning that the far side of the 1km radius
mitigation zone was over 2km away from the observation position. Some MMOs noted in
their reports that this made it difficult to monitor the full extent of the mitigation zone. In
some cases, MMOs observed from a smaller vessel (a fast rescue craft or workboat) within
the mitigation zone initially; however the height of eye was then much lower, typically around
2m. One MMO report commented that the low height of eye made it difficult to monitor the
full extent of the mitigation zone. On one project where the MMO was on a smaller vessel,
three of the four marine mammal sightings were seen on the larger main vessel by
personnel not undertaking a dedicated watch, twice by the ship’s crew. One UXO project
had MMOs on both the main vessel and a smaller vessel and the MMO report included a
recommendation that this approach was used for future projects. Acoustic monitoring was
sometimes hindered by noise, mainly from vessel thrusters.

3.3.5 Acoustic deterrent devices

ADDs were used on 66% of projects (69% of UXO clearance projects and 63% of
decommissioning projects). Overall, they were used before 84% of detonations, more often
on UXO clearance projects than decommissioning projects (88% and 60% of detonations
respectively). ADDs were almost always used on projects where they were required as a
condition of the licence (Table 6). Not all licences specified a duration for ADD deployment
— all those where a duration was specified were for UXO clearance projects. The specified
durations varied between projects, ranging from 15 minutes (for a project with UXOs of up to
240kg NEQ) to no more than 80 minutes (for a project with UXOs of 220kg NEQ). ADD
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durations complied with these requirements on only around half of occasions (Table 7). All
ADD durations that were not compliant were longer than they should have been.
Compliance was lowest when the licence required that ADDs were deployed for 15 minutes,
when the majority (82%) of durations exceeded this, with a maximum duration of 2 hours 1
minute. However, most ADD deployments were not excessively prolonged, with 90% lasting
less than 40 minutes.

Table 6. Percentage (and sample size) of detonations where ADDs were used beforehand on
projects where this was a licence requirement.

Year Decommissioning UXxO

2010 - -

2011 - -

2012 - -

2013 - -

2014 - -

2015 - -

2016 - 100.0 (38)
2017 - 100.0 (8)
2018 100.0 (2) 100.0 (2)
2019 - 100.0 (36)
2020 100.0 (5) -

2021 - 33.3 3)
Total 100.0 @) 97.7 (87)

Table 7. Percentage (and sample size) where the duration of ADD use complied with licence
conditions (where durations were specified in the licence).

Year Decommissioning UXO

2010 - -
2011 - -
2012 - -
2013 - -
2014 - -
2015 - -
2016 - 184  (38)
2017 - 714 (7)
2018 - -
2019 - 86.1  (36)
2020 - -
2021 - 100.0 (1)

Total - 53.7 (82)

Some projects used ADDs even though it was not required in the licence. Irrespective of
whether ADDs were required in the licence, ADDs were employed for longer on
decommissioning projects than on UXO clearance projects (Table 8).

Table 8. Duration of use of ADDs, whether required by licence or not (n = sample size).

Minimum Mean duration Maximum
Type of project duration . duration n
(minutes) (minutes) (minutes)
Decommissioning 16 42 378 21
UXO clearance 6 29 148 146
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Where ADDs were used, on 5% of occasions there was no monitoring immediately
beforehand, sometimes when ADDs were deployed far in advance of the pre-detonation
search or sometimes because the MMO had to stop monitoring to deploy the ADD (which
also resulted in an inadequate pre-detonation search). On 16% of occasions there was a
search of less than 30 minutes; on 38% of occasions the search was between 30 minutes
and one hour; and on 40% of occasions the search was for more than one hour before
ADDs were deployed.

On the majority (81%) of occasions, the ADDs were switched off prior to detonations / scare
charges commencing, up to 41 minutes beforehand, although most were not more than five
minutes beforehand. On 12% of occasions, the ADDs were switched off at the same time as
detonations / scare charges commenced while on 7% of occasions they were switched off
afterwards (a maximum of 24 minutes after). There was at least one occasion where ADDs
had to be redeployed as the detonation was not ready to commence.

There was one occasion when a marine mammal (a grey seal) appeared in the mitigation
zone while the ADD was active, remaining there for 20 minutes. On that occasion, activation
of the ADD was continued for longer until the scare charge began 20 minutes after the seal
left the mitigation zone.

Several MMO reports noted some issues with the use of ADDs:

¢ Asingle MMO had to deploy the ADD, resulting in the MMO having to take a break from
monitoring to deploy the device.

¢ Responsibility for deployment of the ADD was handed to the deck crew so that the single
MMO could maintain a watch.

e The ADD was not supplied with a power source.
e The supplied batteries were unable to hold their charge.
e ADDs were supplied with no redundancy in case of failure of the units.

o Potential for damage to the ADD if towed close to the vessel.
3.3.6 Delays in operations

Between 2010 and 2021, there were three occasions when detonations were required to be
delayed due to the presence of marine mammals within the mitigation zone. In comparison
to the number of detonations, the number of delays required was low, with one delay
required for every 67 detonations over the whole period (= 1.5% of detonations).

Two of the delays were required for grey seals, and the third delay, for long-finned pilot
whales. The delays for grey seals were on UXO clearance projects, while the delay for long-
finned pilot whales was on a decommissioning project. On all three occasions, detonations
were delayed for at least 20 minutes after the last sighting in the mitigation zone; on the
decommissioning project, INCC had recommended a delay of 30 minutes which was
complied with.

In the case of one of the grey seals, the ADD had been active for 12 minutes when it
appeared in the mitigation zone; it resurfaced 20 minutes later, still in the mitigation zone.
The ADD continued to be active throughout until the seal had not been observed in the
mitigation zone for 20 minutes, resulting in a total of 52 minutes of ADD activation, after
which scare charges were used prior to the main detonation. The other grey seal appeared
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after the last in a sequence of scare charges had been detonated; the ADD was reactivated
throughout the delay until it was clear to proceed with the main detonation.

3.3.7 Scare charges

Scare charges were only used on UXO clearance projects, where they were used before
50% of detonations overall. Six of the 16 UXO clearance projects where data were received
used scare charges; for two of these projects, the Marine Licence and European Protected
Species Licence mentioned using a soft start procedure, while two others included the use of
scare charges in the MMMP or Method Statement. For one further project, the MMMP said
that scare charges would be used where safe to do so, but they were deemed unsafe and
therefore were not used.

The duration of scare charge use increased with the number of scare charges employed
(Table 9). Three charges was the most common number used, with a mean duration of 17
minutes. The maximum duration of 60 minutes for three charges was due to an occasion
where there was a misfire of the third charge thereby prolonging the overall duration;
ignoring that occasion the maximum duration for three charges was 35 minutes.

Table 9. Duration of use of scare charges on UXO projects in relation to the number of charges (n =
sample size).

Number of I\S:Jnrlant]igw Mean duration '\(Aji)slar'::grr? n
charges (minutes) (minutes) (minutes)
1 0 1 5 8
2 10 12 15 3
3 15 17 60 52
4 16 20 26 18
5 31 31 31 1

Scare charges were usually used in conjunction with ADDs, with the scare charges usually
commencing shortly after ADDs were deactivated. On only seven occasions were scare
charges used without ADDs beforehand, all on one project that did not use ADDs. The other
five projects using scare charges also used ADDs.

For 70 of the 82 occasions (85%) when scare charges were used, the detonation was
immediately after the last scare charge. However, for 9% of occasions there was more than
10 minutes between the last scare charge and the detonation (excluding one occasion
where the detonation was delayed due to a grey seal in the mitigation zone), with the
maximum delay being 43 minutes.

MMOs were always monitoring for marine mammals prior to the scare charges being
initiated. On all but one occasion monitoring had been underway for at least 30 minutes
before the first scare charge was detonated, with the exception being a search of just 17
minutes. On 88% of occasions, monitoring had been ongoing for at least an hour before the
scare charges commenced.

There was one occasion when a grey seal was seen briefly at the edge of the mitigation
zone just after the last scare charge had been detonated. The ADD was redeployed and the
main detonation delayed until the seal had not been seen for 20 minutes.
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3.3.8 Sequencing of charges

Ten of the 16 decommissioning projects had only one detonation. Where there were
multiple detonations during a project, the maximum number of detonations was six with
detonations usually being on separate days. There were only two occasions with two
detonations on the same day and one occasion with three detonations on the same day. Of
those decommissioning projects that had more than one detonation, where the NEQ was
recorded it was the same for all detonations.

Ten of the 16 UXO clearance projects had more than one detonation; the maximum number
(excluding misfires) being 55. For projects with multiple UXOs, most (63%) days had just
one detonation while on 33% of days two detonations were achieved. More than two
detonations per day were rare, with two days with three detonations and one day each with
four and five detonations. Most second or subsequent detonations were either the same day
as the previous detonation (33%) or the next day (40%), with 14% having an interval of two
days and only 13% having an interval of three days or more.

On six of the ten UXO clearance projects with multiple detonations, the NEQ of the donor
charge remained the same throughout, while on three projects it varied with no clear
increase or decrease. On one project, the NEQ of the donor charge was not recorded. Of
more significance was the NEQ of the UXO, but this was recorded less often, with six
projects with multiple detonations not recording (or mostly not recording) the UXO NEQ
(although for one project the first detonation was recorded as being of a large UXO with
NEQ 240kg). Of the four projects with multiple detonations where the UXO NEQ was
routinely recorded, for two projects the UXO NEQ varied throughout, for one project it
remained the same, while on one project it decreased (there were two detonations, the first
being a large UXO with NEQ 260kg and the second being a smaller UXO with NEQ 32kg).

3.3.9 Detonations at night or in poor conditions

There was one decommissioning project where there were only two detonations and both
occurred at night, although PAM was used both times. There were no ADDs or scare
charges on this project, so PAM was the only mitigation measure. The MMO report said that
a licence had been granted on condition that the JINCC guidelines were followed and
reported that operations were compliant with the licence and guidelines. No explanation was
given regarding why the detonations took place at night, nor was there any indication that
they had endeavoured to undertake them in daylight. There were no other occasions when
detonations took place at night, although there was one detonation at dawn and one at dusk
on UXO clearance projects. The detonation at dusk had an adequate duration visual search
while the detonation at dawn had a five minute gap during the search whilst switching from
PAM to visual monitoring (see Section 3.3.4).

There were no detonations recorded as taking place in poor visibility, although there were
some detonations where weather information could not be obtained from Effort data.
However, on some projects, there were detonations in moderate visibility where the ability to
observe the full extent of the mitigation zone may have potentially been compromised. This
happened on five occasions on decommissioning projects and 11 occasions on UXO
clearance projects; PAM was used to supplement visual monitoring on four and ten
occasions respectively.

There were only two occasions when detonations commenced in ‘rough’ seas and/or swell >
4m; once on a decommissioning project and once on a UXO clearance project. PAM was
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used to supplement visual monitoring in both cases. However, there were 45 occasions (32
on UXO clearance projects and 13 on decommissioning projects) where Effort records
suggested that detonations took place in ‘choppy’ sea states (equivalent to sea states 4 and
5) and/or swell > 2m, including seven detonations in ‘choppy’ seas on two UXO projects
where the MMMPs said that detonations would not start in sea state > 3. PAM was used to
supplement the visual search on 38 of the 45 occasions when detonations commenced in
these conditions. There were eight further occasions where plans for detonations proceeded
in ‘choppy’ sea states and/or swell > 2m but there were misfires. Excluding misfires, 25% of
detonations took place in poor or suboptimal sea conditions.

One MMMP for a UXO clearance project indicated that detonations would commence in poor
conditions if needed. The plan said, “If MMOs are not able to observe the entirety of the
mitigation zone, e.g. due to a poor sea state or visibility, a PAM system may be used to
perform the pre-detonation search”. The same report identified the harbour porpoise as the
species most likely to be encountered during the project, however there was no
consideration that harbour porpoises would not be able to be detected throughout the
entirety of the mitigation zone if using PAM instead of visual monitoring (this project used
single dual role MMO / PAM operators). In the event, all detonations on this project had
visual monitoring beforehand.

There were a few occasions when detonations were delayed due to poor conditions; on one
UXO project, the MMO report noted that operations were delayed on three occasions due to
poor “surface visibility” (it was unclear whether this referred to visibility or sea state).

3.3.10 Post-detonation search

An adequate duration post-detonation search was conducted more often on UXO projects
than decommissioning projects (Table 10). There were six inadequate post-detonation
searches on decommissioning projects and seven on UXO clearance projects. Although
these numbers are low, for decommissioning projects this represents approximately one in
five post-detonation searches. Most inadequate searches on decommissioning projects did
not last for the required 15 minutes post detonation, but for two cases where detonations
took place at night there was no search made. Compliance was higher on UXO projects, but
where searches were inadequate this was always due to the search not being done at the
correct time (five ended too soon but two started late); there were no occasions on UXO
projects when there was no post-detonation search. There was one report from a UXO
project that said that the licence required a visual search for 24 hours following the final
detonation, but a search for the full 24 hours did not happen due to the weather conditions
the following day.
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Table 10. Percentage (and sample size) of adequate duration post-detonation searches.

Year Decommissioning Uxo

2010 0.0 1) -

2011 50.0 2 100.0 2
2012 - 100.0 (1)
2013 - 62.5 (8)
2014 100.0 1) -

2015 100.0 1) -

2016 100.0 (3) 100.0 (36)
2017 90.0 (10) 87.5 (8)
2018 40.0 (5) 100.0 2
2019 - 94.3 (35)
2020 100.0 (6) 98.2 (55)
2021 - 100.0 (6)
Total 79.3 (29) 95.4 (153)

For most post-detonation searches (63.8%) no notes were made; however it is unclear
whether this means there were no observable impacts in all cases. Observations were
sometimes noted in MMO reports rather than in data; 55 of the 115 cases where no notes
were made came from a project where MMO data were submitted without an accompanying
MMO report, so potentially there could have been observations that were not available for
examination.

Where impacts were noted, the most common was dead fish floating at the surface (or
observed from a remotely operated vehicle) (Table 11). Sometimes there were only small
numbers of dead fish, but for 13 of the 49 cases where dead fish were seen the number of
fish exceeded 100. Fish species were not always identified although some records were of
“very small” fish. Where numbers were given, unidentified small fish, identified small species
or juveniles of other species accounted for 85% of the total. Where species were identified,
these included whitebait (collective term for juvenile fish of a number of species), sprat,
pollock, saithe, whiting, poor cod, pout, mackerel, garfish and John Dory. Photographic
evidence was supplied confirming identification in some cases although in many cases the
identification could not be confirmed. In one case, many of the dead fish were recorded as
having eye trauma, with protruding eyes. Feeding birds were sometimes seen, usually in
combination with dead fish. There were two occasions where dead crabs were seen (once
from a remotely operated vehicle) and one occasion when two dead birds (both guillemots)
were observed along with = 300 dead sprat.

Table 11. Observations made during post-detonation searches.

Percentage of post-detonation

Observations Number of observations searches
No notes made 115 63.8
!\Io evidence of 14 77
Impacts

Dead fish 49 27.2
Dead birds 1 0.6
Dead crabs 2 1.1
Feeding birds 11 6.1
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3.4 Response of marine mammals to explosives

3.4.1 Detection rates prior to and post detonations

No significant differences were found in detection rates of seals or cetaceans between the
periods prior to and post detonations, although sample sizes were low (Table 12). Similarly,
there were no significant differences in detection rates of grey seals or the combined groups
of all seals or all cetaceans between the hours following detonations and other periods,
although sample sizes were again low (Table 13).

Table 12. Marine mammal detection rates prior to and post detonations, tested using the Wilcoxon

signed ranks test (T* = sum of ranks of pairs where detection rate prior to detonation exceeded
detection rate post detonation; n = number of matched pairs; d.f. = 1).

Species Median detection rate per hour T n p-value
(+ 1st and 3rd quartiles)
Prior to Post
detonation detonation
All seals combined  0.000.000.09 0.000.060.18 8 6 > 0.500
All cetaceans 0.000.06 0.13 0.000.000.06 18 7 0.289
combined

Table 13. Marine mammal detection rates in the hours following detonations compared to other
times, tested using the Wilcoxon signed ranks test (T* = sum of ranks of pairs where detection rate at
other times exceeded detection rate in the hours following detonations; n = number of matched pairs;
d.f. =1).

Species Median detection rate per hour T" n p-value
(+ 1st and 3rd quartiles)
In the hours All other times
following
detonations
All seals combined 0.000.000.00 0.050.090.18 33 9 0.125
Grey seal 0.000.000.08 0.000.050.18 12 6 0.422
All cetaceans 0.000.000.00 0.020.080.23 21 7 0.148
combined
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3.4.2 Closest distance of approach to the detonation site

Seals were not significantly further from the detonation site in the hours following
detonations compared to other times (Figure 8, Table 14), although sample sizes were low.

All seals
1.5 q

0.5

Distance (km)

Figure 8. Box-and-whisker plots of closest distance of approach to the detonation site relative to
activity (A = hours following detonations; B = all other times). Boxes show median, 1st and 3rd
quartiles, whiskers denote range excepting outliers.

Table 14. Closest distance of approach of marine mammals to the detonation site, tested using the
Wilcoxon-Mann-Whitney test (Wx = sum of ranks of the smallest group; n = sample size; d.f. = 1).

Species Median closest distance (metres) Wy n p-value
Hours following All other
detonations times
All seals 800 625 17 11 0.461

3.4.3 Behaviour

Apart from normal swimming or surfacing, the most common behaviour recorded was travel
away from the vessel, which was recorded ten times (six times for cetaceans and four times
for seals). Travel away from the vessel was recorded both prior to and post detonations in
both seals and cetaceans. Diving was recorded eight times (six times for seals and twice for
cetaceans). All occasions when seals were recorded as diving occurred after detonations;
diving in seals was not recorded before detonations, although there were only five sightings
of seals at these times.

There was one occasion when a grey seal was seen while an ADD was active and another
when scare charges were being detonated. The grey seal that was seen in the mitigation
zone while an ADD (a Lofitech device) was active was recorded as “swimming away from
the vessel with head turned backwards”. It initially surfaced in the mitigation zone 12
minutes after the ADD was first activated, then resurfaced in the same position 20 minutes
later when the ADD was still active. ADD activation then continued for a further 20 minutes
after the last detection of the seal before scare charge detonation commenced. A juvenile
grey seal that briefly appeared in the mitigation zone just after the last in a sequence of
scare charges had been detonated was recorded as milling at the surface with its head out
of the water (the planned main detonation was delayed and an ADD was redeployed).
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4 Discussion

4.1 Submission and quality of data

Submission of MMO reports and data for O&G decommissioning projects was poor; after
allowing for those where mitigation was not required or it was known that explosives were
not, or probably were not, used, only around half of the projects submitted a report and/or
data. Itis possible that some of the remaining projects where there were no submissions
used methods other than explosives, but there is no evidence to suggest that was the case.
A method of tracking decommissioning projects with a record of methods used would be
beneficial.

Submission of MMO reports and data for UXO clearance projects was also below the level
that would be expected, with almost a third of projects not submitting anything. Different
regulators manage different UXO clearance projects depending on location, so there was no
central repository. Ensuring that all reports and data are submitted to JINCC as well as the
relevant regulator would improve collation of data and support future analysis.

Where data were submitted these were mostly usable for this analysis but still required
corrections to be made. Some were in pdf format and had to be transcribed before
corrections could be made and they could be imported into the database. Many of the errors
pointed to a lack of care with data recording and a lack of checking. Mistakes such as
entering data into the wrong columns and mixing up east and west in positions of longitude
are easily avoidable if observers take care when entering data; and if such mistakes are
made, it would be expected that they would be picked up prior to submission of data if
checks were made. Combining source activities as ‘variable’ over a period rather than
separating out records with different source activities on the Effort form indicates a lack of
diligence. MMOs and PAM operators should ensure they record their data accurately with
the level of detail required and should also make thorough checks of their data. Checks
should include cross-referencing between forms to ensure that source activities recorded on
Effort and Sighting forms match the activity that has been recorded on the Operations form.
Where mismatches occur and the activity recorded on one form contradicts that recorded on
another, it is difficult for anyone not involved in the project to determine which form held the
correct record of activity and therefore be able to make corrections with confidence. The
probability of being able to correct this is much greater for the mitigation personnel involved,
particularly if they make such checks during the project when they may be able to check
against records of activity held by the crew.

There is a need for recording forms designed specifically for explosives that would facilitate
recording relevant information such as whether high-order or low-order methods are used,
the NEQ (for both donor charge and UXO in the case of UXO clearance projects), and the
timing of the use of ADDs and scare charges. Although these details were recorded by
some MMOs and PAM operators, given that the current forms do not ask for this information
there was inconsistency in how and where it was recorded. This is further discussed in
Section 4.6 and recommended items for inclusion in recording forms are listed in Appendix
2.

For projects where no submissions were made, it is not known whether there was
compliance with the JINCC guidelines or even whether there was any mitigation at all.
Therefore, it should be borne in mind that the true level of compliance with the guidelines
could be lower than that presented in this report.
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4.2 Distribution of marine mammals

The distribution of marine mammal encounters during projects using explosives largely
reflected survey effort, which varied both spatially and temporally. Given this variation in
effort, caution should be exercised when interpreting distribution maps. Furthermore, the
distribution of animals was potentially influenced by the activities. Nevertheless, observed
differences in distribution between species mostly concurred with known distribution
patterns.

Both grey and harbour seals were seen in coastal locations close to known haul-out and
breeding sites but were also seen further offshore. However, grey seals were seen on the
east coast of Scotland as well as in the southern North Sea, while harbour seals were only
seen in the southern North Sea. Harbour seal abundance is stable or increasing along the
English North Sea coast but has declined along the Scottish North Sea coast, while grey
seal abundance has increased throughout the UK (Mitchell et al. 2018).

Minke whales were the cetacean species most frequently seen during explosives projects,
being seen throughout the northern North Sea and also in deeper waters, which concurs
with their known distribution (Reid et al. 2003; Hammond et al. 2013, 2021).

The harbour porpoise is one of the most abundant cetaceans in European Atlantic waters
(Hammond et al. 2021). The harbour porpoise was found throughout the North Sea,
reflecting its widespread distribution in UK waters (Reid et al. 2003; Hammond et al. 2013,
2021). There has been a southward shift in distribution of harbour porpoises in the North
Sea (Hammond et al. 2021) and accordingly this species was seen in both the southern and
northern North Sea.

Other species were only seen in low numbers, but the distribution of sightings again largely
concurred with known distribution. Long-finned pilot whales are known to occur in deep
waters to the north and west of Britain (Reid et al. 2003; Hammond et al. 2021), while killer
whales are known to occupy more northern areas in both shelf and deep waters (Reid et al.
2003; Forney & Wade 2006). White-beaked dolphins are mainly encountered in shelf waters
of the North Sea and west Scotland (there were no data from the west of Scotland) but also
occasionally in deeper waters (Reid et al. 2003; Hammond et al. 2013, 2021). Bottlenose
dolphins are known to be locally common on the north-east coast of Scotland (Reid et al.
2003; Hammond et al. 2013, 2021). The single humpback whale sighting occurred off the
Firth of Forth, where there have been other sightings of humpback whales in recent years
(O’Neil et al. 2019); sightings of humpback whales have also increased in other parts of the
North Sea, with this species now being considered an annual visitor rather than a rare
vagrant in the southern North Sea (Leopold et al. 2018).

4.3 Compliance with guidelines
4.3.1 Noise abatement

Noise abatement was not regularly practised during the explosives projects examined here.
The only occasions when there was any attempt to reduce source levels, or the spread of
noise were on a few UXO clearance projects in recent years. Bubble curtains were
sometimes required for UXOs with a high NEQ on some projects in 2018 and 2019, and one
project in 2021 used an alternative low-noise method rather than a high-order detonation.

Schmidtke et al. (2009) found that bubble curtains were effective at attenuating the shock
wave with small charges, with a reduction up to 16 dB. For larger charges, the attenuation
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was less (approximately 4 dB) but they suggested that a larger radius for the bubble curtain
would improve attenuation by suppressing the effect of the flow of displaced water.
Koschinski (2011) noted that the efficiency of bubble curtains depends on their width and
shape, air volume and bubble size but considered that they could substantially reduce the
danger zones for marine organisms provided that their radius is large enough. Only one of
the two projects using a bubble curtain reported its diameter, but with a diameter of 80m it
was larger than the 22m diameter used by Schmidtke et al. (2009).

Although only one project used an alternative to high-order detonations, it is anticipated that
alternative methods will be used more for future projects. DEFRA, together with other UK
government departments and statutory advisors, issued a joint interim statement at the end
of 2021 recommending the use of low noise alternatives to high-order detonations for UXO
clearance whenever possible (DEFRA 2021). Such low-order methods include deflagration,
where the explosive substance is consumed by burning rather than detonated, effected by a
smaller donor charge than a conventional high-order detonation. The peak sound pressure
level and sound exposure level are more than 20 dB lower for deflagration compared to a
high-order detonation and the acoustic output depends only on the size of the shaped
charge and not the size of the UXO (Cheong et al. 2020; Merchant & Robinson 2020;
Robinson et al. 2020). Furthermore, the spread of toxins is potentially reduced with
deflagration as the explosion is less violent and more localised (Cheong et al. 2020).
However, not all ordnance may be suitable candidates for deflagration, particularly severely
degraded items that cannot be identified, as the technique requires the donor charge to be
placed correctly on the UXO which depends on correct identification (Cheong et al. 2020).

4.3.2 MMOs and PAM operators

The average number of personnel on the mitigation team was the same for both UXO and
decommissioning projects. However, although UXO clearance projects more often used
PAM in addition to visual monitoring and in one case had three dedicated MMOs on board,
these projects more often had a single person for mitigation than decommissioning projects.
UXO clearance projects sometimes had a single dual role MMO / PAM operator, whereas
this did not happen on decommissioning projects. Having a single person performing both
roles may not allow for sufficient breaks and could lead to fatigue; this practice should not
continue as it is unrealistic to expect one person to cover both roles, even if the project is of
short duration. Furthermore, monitoring is likely to be compromised by having one person
performing both roles, due to having to choose between methods or alternate methods
during the pre-detonation search. Using remote headphones to monitor acoustically whilst
simultaneously monitoring visually is likely to compromise effectiveness of both methods,
partly due to distraction of one method from the other, and partly due to the inability to
monitor screens for PAM.

4.3.3 Use of PAM

PAM was used on all but one of the projects where it was a condition of the licence. It was
used more often on UXO clearance projects than decommissioning projects, perhaps
because of the larger NEQs involved with some UXOs.

The reason for the low number of acoustic detections is unclear. Reduced acoustic
detection rates compared to visual detection rates have also been found with PAM used for
mitigation on geophysical surveys (Stone 2023a). Less than one third of the time spent
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monitoring on site during explosives operations was acoustic, but even allowing for that the
number of acoustic detections was very low. One report noted some noise on the received
PAM signal, due mostly to the vessel thrusters, which could potentially have masked
biological sounds. Most visual detections were of seals or minke whales, neither of which
reliably vocalise underwater, therefore PAM is not an appropriate method of detection for
these species (Herschel et al. 2013). Some harbour porpoises were detected visually, but
there were no acoustic detections of porpoises. The high frequency clicks of harbour
porpoise can be effectively detected acoustically but only within a range of around 400 m
(Cucknell et al. 2016). This also means that PAM is limited in its ability to detect harbour
porpoises within the full extent of a 1km radius mitigation zone.

One MMO report said that the INCC guidelines seem slightly ambiguous and open to
interpretation with reference to the requirement for PAM in conjunction with visual
monitoring, but this should be clarified with JNCC’s recent PAM guidance (JNCC 2023).

4.3.4 Pre-detonation search

Although most pre-detonation searches were of adequate duration, there were questions
about the effectiveness of searches as sometimes the main vessel was towards the edge of
or outside the mitigation zone. This would make the full extent of the mitigation zone (2km
diameter) difficult to monitor, particularly for smaller species like the harbour porpoise and
seals. In an attempt to overcome this, for some projects MMOs were located on a smaller
vessel within the mitigation zone, but this also was not ideal due to the low height of eye
(typically around 2m). This would make observations difficult, as was illustrated on the
project where three of the four sightings were seen from the main vessel by personnel who
were not carrying out a dedicated watch. Even if the smaller vessel was positioned in the
centre of the mitigation zone, it is unlikely that small animals would be easily visible towards
the outer portion of the zone from a platform with a low height of eye. One further problem
with observing from a smaller vessel arose on one project, where searches commenced
later than they should have, apparently due to the MMO having to take time out of
monitoring to transfer between the main vessel and the smaller vessel less than one hour
before the detonation.

The report from one project that had one MMO stationed on the main vessel and one on a
smaller vessel recommended this approach for future projects. This would increase the
search effectiveness and ability to cover the full extent of the mitigation zone. With this
approach, it is important that there is effective communication between MMOs stationed on
separate vessels.

Acoustic monitoring was often inadequate. Searches were sometimes not done, but even
where there was a search it often was not long enough. On UXO clearance projects some
acoustic searches were very short, with 20% being of less than 10 minutes duration. Such a
short search would have severely compromised the ability to detect marine mammals
acoustically. Even where searches were longer, many on both UXO clearance projects and
decommissioning projects ended prematurely, possibly connected with the need to move to
a safe standoff location prior to the detonation (which would require recovery of a vertically-
deployed hydrophone cable) and/or recover the PAM cable prior to detonation to reduce the
risk of damage to it (although the JNCC guidelines do note the potential need for sacrificial
hydrophones). However, for most projects where PAM was required by licence there was
full compliance with the requirement for acoustic searches, although licences were not
available for inspection for some projects so this should be treated with caution. Notably one
project where PAM was a licence condition did not use PAM.
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4.35 Acoustic deterrent devices

Most explosives projects used ADDs, particularly UXO clearance projects where larger
NEQs were involved. Varying durations were given for ADD deployment on UXO clearance
projects, ranging from 15 minutes to no more than 80 minutes. Although it might be
expected that duration would be related to the size of the UXO, as larger UXOs would be
expected to have larger injury zones and therefore require marine mammals to be deterred
over a greater distance, this did not appear to be the case.

Although there is no stated requirement in the current INCC guidelines to monitor for marine
mammals prior to activating an ADD, as most ADD deployments lasted less than one hour
the pre-detonation search would have been underway at the time of deployment. For an
ADD deployment of 30 minutes or less (as was the case for 69% of deployments) it would be
expected that monitoring would have been ongoing for at least 30 minutes before the ADD
was deployed. However, there were some occasions where a single MMO had to stop
monitoring to deploy the ADD and this compromised the pre-detonation search in those
cases.

Occasionally ADDs were active for a prolonged period; in one case over six hours. Once
ADDs have been activated for long enough to deter animals to the required distance to avoid
injury, there is no benefit to prolonging their use. Prolonged use could lead to unnecessary
disturbance of marine mammals, or potentially to habituation.

On some occasions, there was a gap between the ADD being deactivated and the scare
charge or detonation beginning, which potentially could result in a loss of the deterrent
effect. Even with a gap of five minutes, a harbour porpoise could potentially travel 450m
based on a conservative swim speed of 1.5ms™ as used by Herschel et al. (2013), although
a return may be unlikely within a short space of time. With a gap of 41 minutes (the
maximum recorded), a porpoise could potentially swim a distance of 3.69km. With a longer
gap between ADD deactivation and scare charges or detonations commencing, it is more
likely that animals may start to return, although Thompson et al. (2020) found that the
minimum time for a harbour porpoise to return to within 1km of playback of a Lofitech device
was 133 minutes. However other species, where the deterrent effect is less, may return
sooner.

4.3.6 Delays in operations

There was full compliance on the few occasions when delays were required due to the
presence of marine mammals in the mitigation zone. Of the three delays required, two
occurred when grey seals appeared in the mitigation zone following other mitigation
measures, in one case while an ADD was active and in the other case just after the last in a
series of scare charges. Both these instances highlight the importance of monitoring
alongside other mitigation measures designed to deter animals, as not all animals may be
deterred.

On both occasions when operations were delayed due to grey seals, ADDs were used to
attempt to remove the seals from the mitigation zone, in one case by prolonging use of an
already active ADD and in the other case by reactivating it. In the case where use of an
already active ADD was prolonged, this did not seem effective as the seal resurfaced in the
mitigation zone after 20 minutes.
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4.3.7 Scare charges

The current INCC explosives guidelines do not include a recommendation that scare
charges should be used, yet these were a common mitigation measure on UXO clearance
projects, sometimes featuring in MMMPs or in licences. Although the principle is similar to
the soft start that is used on geophysical surveys and piling operations (JNCC 2010b, 2017),
there is a lack of evidence regarding the effectiveness of scare charges for deterring animals
prior to a larger detonation. Klima et al. (1988) found that small explosive charges were not
always effective at moving bottlenose dolphins away from a detonation site and Continental
Shelf Associates Inc. (2004) suggested that odontocetes may be attracted to fish killed by
explosions and may thus be attracted rather than repelled by scare charges. As scare
charges were almost always preceded by the use of ADDs, it is unclear whether they
provided any additional benefit, although ADDs do not deter all animals (Kastelein et al.
2006; Diiaz L66pez & Marififio 2011; Harcourt et al. 2014; Harris et al. 2014; Pirotta et al.
2016; Mikkelsen et al. 2017; Gordon et al. 2019, Basran et al. 2020; Stone 2023c).
Koschinski (2011) noted that the possible risks and benefits of small scare charges must be
carefully balanced, regarding them as possibly beneficial for single detonations but bearing
in mind that even small charges could be harmful to marine life at close ranges. Robinson et
al. (2022) noted that the very short duration of scare charges might provide limited
directional information and therefore limited deterrent effect on marine mammals, and
cautioned that their use in mitigation would need to be justified considering the substantial
additional impulsive noise they introduce to the environment.

If scare charges are used, it is important that there is monitoring beforehand. As scare
charges were usually used for a period of around 15-30 minutes, the pre-detonation search
would already be underway. Ideally monitoring should commence one hour prior to the
scare charges commencing (as would be the case for the main detonation), which would
require a longer overall search. Although this was often the case, there were some
occasions where the search only commenced one hour (or occasionally less) before the
main detonation resulting in a shorter period of monitoring prior to the scare charges
commencing. As marine mammals could potentially suffer permanent threshold shift (PTS)
at close range from scare charges, it is important that detonations of scare charges are
delayed if a marine mammal is detected in the mitigation zone prior to their use, or
suspended if a marine mammal enters the mitigation zone during a sequence of scare
charges. Harbour porpoises could potentially suffer PTS at a range of 748m from a 50g
scare charge (BOWL 2016).

If there is a benefit to using scare charges, then the main detonation should take place
immediately after the scare charges without a gap in between where animals could
potentially start to return to the vicinity. On 9% of occasions, there was a gap of more than
10 minutes between the scare charges ending and the main detonation; with a swim speed
of 1.5ms™ (Herschel et al. 2013) a harbour porpoise could potentially return 900m or more
during these intervals.

4.3.8 Sequencing of charges

UXO clearance projects often have multiple UXOs to clear of varying kinds (e.g. ground
mines, buoyant mines, bombs of varying sizes (2501Ib, 500lb and 1,000lb), naval projectiles
and rockets). Although the JNCC guidelines recommend that charges are sequenced
starting with smaller charges and leaving larger charges until last, there was apparently no
attempt to do this and sometimes the first detonation was of a UXO with a high NEQ. None
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of the MMO reports gave any reasons for the order in which UXOs were detonated, although
this is likely to be due to the size of UXO not being determined until immediately prior to
clearance. Where there are multiple UXOs to be cleared on the same or next day, it would
be preferable to have a progression of detonations of increasing NEQ, or at least to avoid
starting with a UXO with a high NEQ.

4.3.9 Detonations at night or in poor conditions

Under the JINCC explosives guidelines, detonations should only commence during hours of
daylight and in good visibility; the guidelines say that observers should be able to monitor the
full extent of the mitigation zone. However, a later section in the guidelines discusses the
use of PAM for monitoring when visual monitoring is ineffective (noted as periods of
darkness or poor visibility or when the sea state is not conducive to visual mitigation), which
does make the situation somewhat ambiguous. The pre-denotation search is defined as “a
visual watch and, if required, acoustic monitoring”, which implies that a visual search is
always required. Most operators took a conservative approach and only commenced
detonations in daylight with visual monitoring beforehand (sometimes supplemented with
PAM), except for the project where both detonations commenced at night with PAM only.
Given that PAM would be incapable of detecting harbour porpoises throughout the full extent
of a 1km mitigation zone (Cucknell et al. 2016) and is not an appropriate method of detection
for seals or minke whales (Herschel et al. 2013), effective monitoring cannot be conducted
prior to detonations taking place at night. Although the guidelines do not explicitly define
daylight, visual monitoring may also be compromised in low light conditions at dawn and
dusk.

As well as not being able to monitor adequately prior to a detonation, undertaking
detonations at night also means that a post-detonation search is impossible. Post-
detonation searches would also be compromised at dawn and more so at dusk where light
would be continuing to fade.

Although no detonations were recorded as taking place in poor visibility, one project had a
MMMP where this would have been allowed, using PAM as a substitute for visual monitoring
with no consideration of its effectiveness for harbour porpoises beyond a few hundred
metres or for seals or minke whales. The plan was submitted to, and presumably approved
by, the regulator. Regulators should ensure that MMMPs provide for effective monitoring in
all conditions where detonations are proposed or place appropriate limitations on the
conditions when detonations can take place.

For those detonations that took place in moderate visibility, it could not be ascertained from
the data whether the full extent of the mitigation zone was visible. PAM was usually used to
supplement visual monitoring in moderate visibility, but PAM would be unable to detect
harbour porpoises throughout the full extent of the mitigation zone. In moderate visibility,
monitoring the outer reaches of the mitigation zone could potentially be compromised both
visually and acoustically. To ascertain whether there has been effective monitoring for future
projects, the Marine Mammal Recording Forms could ask whether the full extent of the
mitigation zone could be seen.

Visual monitoring is also compromised in higher sea states or swell (e.g. Northridge et al.
1995; Teilmann 2003; Hammond et al. 2013). The current guidelines do not address these
conditions other than to recommend the use of PAM. Detonations in poor or suboptimal sea
conditions were not uncommon. The same project that would have allowed PAM as a
substitute for visual monitoring in conditions of poor visibility would also have allowed this in
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conditions of poor sea states. Whilst PAM may be a useful addition in such conditions, data
from geophysical surveys have shown that detection rates from visual monitoring, while
compromised, are higher than those from PAM in such conditions (Stone 2023a). Therefore,
PAM should only be used as a supplement to, and not as a substitute for, visual monitoring
during a pre-detonation search.

4.3.10 Post-detonation search

Although the number of occasions when there was not an adequate post-detonation search
was low, the proportion of detonations this represented for decommissioning projects was
unexpected, being one in five detonations. Other than the two detonations that took place at
night, there was always a post-detonation search but it is unclear why it was sometimes too
short, as no explanations were offered. Given that pre-detonation searches almost always
lasted until the detonation, there is no obvious reason why the search could not have
continued for the required 15 minutes afterwards.

Reporting of the results of post-detonation searches was poor. It is important that nil results
(i.e. no observable impacts) are reported as well as those where mortalities are evident.
Reporting could be improved by requesting observations to be recorded on the Marine
Mammal Recording Forms.

Where results of post-detonation searches were reported, there were often records of dead
fish. Lethal effects of underwater explosions on fish are well known (e.g. Klima et al. 1988;
dos Santos et al. 2010), with small fish, species with swim bladders and deep-bodied
species being more susceptible to death or injury although most fish species are at risk of
being killed at very close range (Continental Shelf Associates Inc. 2004). In the current
study, a range of fish species were observed to suffer mortality, but small fish accounted for
the vast majority; Gitschlag et al. (2000), studying explosive removal of platforms in the Gulf
of Mexico, also found that mortality was greatest for small fish. Although numbers of dead
fish observed in the present study were often small, on some occasions over 100 dead fish
were observed. However, actual numbers may have been higher; Gitschlag et al. (2000)
found that generally more fish sank than floated following detonations (up to 97% sank in
some cases) and suggested that total actual mortality may be much greater than that
observed at the surface.

Other species, including crabs and birds (guillemots) were observed to suffer mortality on
some occasions. Invertebrates, including crustaceans, have been found to be relatively
insensitive to explosions, probably due to the absence of air cavities (Young 1991; Keevin &
Hempen 1997). Bird mortalities have been recorded following underwater explosions, with
damage to lungs, liver and kidneys being recorded during necropsies (Yelverton et al. 1973;
Danil & St. Leger 2011). Yelverton et al. (1973) found that diving birds were more
susceptible to injury, while those at the surface were relatively unaffected as the vulnerable
organs were at least partially above the water line. Potentially the two dead guillemots
observed could have been underwater at the time of the detonation.

4.4 Response of marine mammals to explosives

The low number of sightings / acoustic detections limited the ability to examine the response
of marine mammals to explosives, particularly for individual species. Where data were able
to be analysed, sample sizes were low, so the results should be treated with caution. There
was no evidence of avoidance or displacement of marine mammals following detonations,

either in the hours following the detonations or over a longer period. However, this does not
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necessarily mean there were no impacts, as effects are not always immediately apparent.
For example, Todd et al. (1996) found that humpback whales showed little behavioural
reaction to explosions but increased entrapment rate in nets subsequently may have
indicated long-term effects of exposure to sound.

Although no effects of detonations were apparent in the present study, other studies have
found negative impacts of underwater explosions on marine mammals. In California, three
or possibly four long-beaked common dolphins died during an underwater detonation (Danil
& St. Leger 2011). Following UXO clearance in German waters, 24 harbour porpoises were
found dead along the coastline; 10 with evidence of blast injury (microfractures of the
malleus, dislocation of middle ear bones, bleeding, and haemorrhages in the melon, lower
jaw and peribullar acoustic fat) (Siebert et al. 2022). In 2011, a mass stranding of 39 long-
finned pilot whales (from a pod of approximately 70) in the Kyle of Durness, resulting in the
death of 19 animals, was thought to have possibly been caused by acoustic impairment or a
behavioural response to a series of underwater explosions conducted during munitions
clearance in the vicinity during the previous 24 hour period, although navigational error could
not be ruled out as a possible cause (Brownlow et al. 2015). Smaller animals are more
vulnerable to injury from underwater explosions than larger animals (Young 1991; Ketten
2006), with thresholds for the onset of mortality being proportional to the cube root of the
body mass (US Navy 2015). Nevertheless, larger species have also sometimes suffered
mortality following detonations; blast injuries were found in two humpback whales that died
following an underwater explosion in Newfoundland (Ketten et al. 1993).

Sublethal effects have also been found following underwater explosions. Sundermeyer et al.
(2012) found that explosive detonations led to a prolonged absence of harbour porpoises in
the German Baltic Sea, with porpoises avoiding the site over a range of at least 10km for 12
hours after detonations. Lammers et al. (2017) found that acoustic activity of dolphins
(presumed mostly bottlenose dolphins) off the coast of Virginia was lower during the hours
and days following detonations, suggesting that animals left the area and/or reduced their
signalling, with the apparent radius of response being between 3km and 6km. Koschinski
(2011) noted that sublethal blast effects may contribute to increased mortality by predation,
while sublethal auditory effects can affect the fithess of affected marine animals because
hearing is vital for their behaviour and ecology.

Given the difficulties of observing impacts that may not be readily apparent and could occur
over some range, some studies have used modelling to estimate impacts of the use of
explosives on marine mammal populations, particularly the harbour porpoise. As a very high
frequency cetacean, the harbour porpoise is more vulnerable to suffering auditory
impairment than other marine mammal species in UK waters as a result of exposure to
underwater noise (Southall et al. 2019). Von Benda-Beckmann et al. (2015) estimated that
in a one year period, UXO clearance on the Dutch Continental Shelf very likely caused
1,280, and possibly up to 5,450, permanent hearing loss events in harbour porpoises, with
some animals potentially exposed multiple times. Distances at which there was a risk of
permanent hearing loss were in the order of one to several kilometres, and possibly further
for larger explosions. Aarts et al. (2016), also modelling the impact of UXO clearance on
harbour porpoises on the Dutch Continental Shelf, suggested that underwater explosions
may impact a substantial part of the North Sea harbour porpoise population and that the
number of animals affected may depend on animal movement. They demonstrated that
more individuals would receive PTS and temporary threshold shift (TTS) if porpoises were
free roaming; although the increase in numbers suffering PTS would be small, there would
be a substantial increase in the numbers suffering TTS, with 10% of the North Sea
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population affected. Conversely, if porpoises remained in a local area fewer animals would
receive PTS and TTS but more individuals would be subjected to repeated exposures.
Given that most detonations in UK projects take place on separate days, movement of
animals is an important consideration as new animals may move into an area in the period
between detonations. For projects with multiple detonations, impact assessments that rely
on density estimates to assess the number of animals impacted without allowing for
movement of animals may underestimate the number of animals, and therefore the
proportion of the population, impacted.

ADDs are audible to marine mammals at considerable distances (Kastelein et al. 2010). The
Aquamark 210 device, used during two decommissioning projects, has been shown to deter
bottlenose dolphins (Brotons et al. 2008). The Lofitech Seal Scarer, which was used more
commonly on both decommissioning and UXO clearance projects, has been shown to deter
harbour porpoises (Brandt et al. 2012a, 2012b, 2013; Dahne et al. 2017; Rose et al. 2019;
Thompson et al. 2020; Graham et al. 2023) although the extent of the response has been
found to vary. Even where avoidance has been reported, the response was not universal,
with some harbour porpoises approaching close to the ADD (Brandt et al. 2012a, 2012b,
2013). Graham et al. (2023) found a strong directional response of harbour porpoises away
from a Lofitech ADD used prior to pile driving, with evasive responses up to 7km away, but
even then there were a few detections heading towards the source. The Lofitech device has
also been shown to deter harbour seals, although responses observed did not always result
in substantial movements away from the source, especially for seals that were travelling at
the time of the exposures (Gordon et al. 2019). Mikkelsen et al. (2017), testing a sound
simulating a Lofitech ADD but at lower source levels, found that harbour seals were seen
more often and closer to the sound source when active compared to control periods and
suggested that the sound could elicit curiosity rather than fear in seals. In the present study,
one grey seal appeared in the mitigation zone while a Lofitech ADD was active and,
although it was recorded as swimming away from the vessel, it resurfaced in the mitigation
zone after 20 minutes. Grey seals have been found to be more persistent at remaining in an
area with salmon nets during ADD use than harbour seals (Harris et al. 2014) and anecdotal
reports from fish farms also suggest that grey seals are not deterred by ADDs as effectively
as harbour seals (Sparling et al. 2015). ADDs used during pile driving operations in UK
waters have been found to be not completely effective at deterring marine mammals,
particularly seals, with one harbour seal trying to climb a monopile whilst remaining in the
mitigation zone for a prolonged period during ADD activation (Stone 2023c).

Given the low number of sightings overall, it is impossible to assess the effectiveness of
scare charges. The presence of a grey seal in the mitigation zone following a sequence of
scare charges concurs with the findings of Klima et al. (1988), who found that small
explosive charges were not always effective at moving bottlenose dolphins away from a
detonation site. However, there was no evidence that marine mammals were attracted to
feed on fish killed by scare charges, as had been suggested by Continental Shelf Associates
Inc. (2004).

4.5 Considerations for future revisions to the guidelines

Since the current version of the JNCC explosives guidelines was published in 2010, there
has been an increase in the use of explosives in the marine environment, particularly in
recent years with the increasing need for UXO clearance prior to construction of offshore
wind farms. As the guidelines were not written with UXO clearance in mind, there is a need
for them to be revised in line with current best practice.
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Noise abatement does not currently feature in the explosives guidelines, but a requirement
to consider ways to reduce the level of noise should be included. Merchant and Robinson
(2020) considered that it is feasible to use noise abatement technologies at all locations
where offshore wind farms are proposed in UK waters, with techniques suitable for UXO
clearance including bubble curtains and low-order methods such as deflagration. Inclusion
of low-order methods in the guidelines would align with the joint interim statement issued in
2021 (DEFRA 2021).

The current guidelines do not address the number of mitigation personnel that are needed.
There should be a requirement to ensure that enough personnel are present to provide
effective monitoring, bearing in mind the potential need to have MMOs on more than one
platform to cover the full extent of the mitigation zone. Having a single person acting as both
MMO and PAM operator should not be permitted as the requirement to commence
detonations in daylight and good visibility means that PAM would only ever be a supplement
to visual monitoring, thus requiring at least two people to use both methods simultaneously.

Operators should be required to optimise the effectiveness of monitoring, both visual and
acoustic. The position of the observation platform relative to the mitigation zone and the
platform height of eye can both influence an observer’s ability to monitor the full extent of the
mitigation zone. If this is compromised in any way when using a single platform (e.g. when
positioned at a stand-off location or on a vessel with low height of eye) the guidelines should
recommend that two MMOs monitor simultaneously from separate platforms. Similarly,
there should be consideration of the effectiveness of acoustic monitoring, particularly for
harbour porpoises; more than one PAM array may be needed to detect porpoises throughout
the full extent of the mitigation zone. As many acoustic searches were of inadequate
duration the guidelines should also recommend that PAM deployment methods allow for pre-
detonation searches for the full hour prior to detonation without terminating prematurely.

Some further revisions are needed in relation to PAM. As the guidelines say that explosive
detonations should only commence during the hours of daylight and good visibility, reference
to using PAM during darkness or poor visibility should be removed to avoid confusion. For
decisions regarding delays for marine mammals detected acoustically where range is not
able to be determined, there should be a precautionary approach. The guidelines should
refer to JNCC’s PAM guidance (JNCC 2023) to assist in determining cases where a delay
would be required but bearing in mind that the examples given therein refer to the 500m
mitigation zone typically used for geophysical surveys and pile driving, so there may need to
be a greater level of caution when using a 1km mitigation zone for explosives.

The requirement to commence detonations only in daylight and good visibility could be more
specific, for example there could be a requirement that all monitoring (pre- and post-
detonation) should be completed between sunrise and sunset. For visibility, as a minimum
the full extent of the mitigation zone should be able to be clearly seen from the observation
position. Due to the difficulty of detecting marine mammals in poor or suboptimal sea
conditions, particularly over a mitigation zone with a 1km radius (i.e. 2km diameter),
detonations should be restricted to good sea conditions, with specific definitions of sea state
and swell height provided (e.g. sea state < 3 and swell < 2m).

There have been some concerns about the use of ADDs, regarding the potential for auditory
impairment (Coram et al. 2014; Schaffeld et al. 2019; Findlay et al. 2021, 2022; Todd et al.
2021), the risk of separation of mother-calf pairs (Brandt et al. 2013; Coram et al. 2014) and
the level of far-field disturbance (Thompson et al. 2020). McGarry et al. (2020), reviewing
evidence for the application of ADDs for marine mammal mitigation, concluded that the risk
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of injury (PTS) was low, but noted that it was possible that TTS could occur at short range
for some devices. Schaffeld et al. (2019) found that TTS in harbour porpoises following a
single exposure to an ADD at source levels typical of the Lofitech device could be expected
up to 211m away in deep water and up to 5.9km away in shallow water. There have been
suggestions that there should be a soft start of ADDs, to reduce the risk of TTS (Schaffeld et
al. 2019) and to avoid causing panic reactions that could lead to separation of mother-calf
pairs (Brandt et al. 2013). There have also been suggestions that source levels of ADDs
should be optimised to achieve the desired deterrence whilst minimising the risk of TTS and
broad-scale disturbance (Schaffeld et al. 2019; Thompson et al. 2020). However, many
ADDs do not have the facility to vary source levels, which would also preclude a soft start.
Nevertheless, to reduce the risk of TTS and panic reactions there should be consideration of
source levels of available devices for any proposed ADD use. For the same reasons there
should be consideration as to whether the guidelines should require a delay in ADD
activation if marine mammals are in the mitigation zone, just as there would be for
detonations (i.e. the ADD would not be activated until 20 minutes after the last detection of a
marine mammal in the mitigation zone). This would also require an adequate period of
monitoring prior to ADD activation. Correspondingly, there should be consideration as to
whether it is appropriate to use ADDs to attempt to drive away animals that have appeared
in the mitigation zone causing a delay in operations, or whether ADD use should be withheld
until animals have left of their own accord. There also needs to be guidance about what to
do if a marine mammal approaches during ADD use. If an animal remains undeterred within
the mitigation zone during ADD use, the guidelines should require that the ADD is
deactivated and operations delayed; once monitoring confirms that there have been no
marine mammals in the mitigation zone for 20 minutes the ADD may be reactivated prior to
proceeding with the detonation. The guidelines should also recommend that there is no gap
between the end of ADD activation and commencement of detonations (including scare
charges if used), to avoid the potential for animals returning.

There was little consistency amongst projects with regards to the duration of ADD use, even
allowing for variations in the size of explosive. Currently the guidelines say that ADDs
should be switched on for a pre-determined number of emissions during the pre-detonation
search and switched off immediately once detonations commence. Further guidance could
be given on determination of an appropriate duration, that could be used in Environmental
Impact Assessments and MMMPs. To avoid unnecessary noise and far-field behavioural
disturbance, ADDs should only be active for as long as required to deter an animal to a
distance where it would no longer be at risk of injury. The duration of ADD deployment
should be therefore determined on a case-by-case basis depending on the predicted injury
zone (based on the largest explosive device in a project and the most vulnerable species)
and typical swimming speeds. If predicted injury zones vary widely in a project due to
different size explosives (e.g. on some UXO clearance projects), ADD durations may need to
vary accordingly. The guidelines should also recommend that additional personnel are used
to deploy the ADD, where this is necessary to avoid interrupting the pre-detonation search.

There should also be consideration of cumulative effects on marine mammals. If ADDs are
proposed to deter animals on a project, there should be consideration of other activities that
may also be using ADDs, to avoid animals being excluded from large areas.

Given the lack of evidence regarding the effectiveness of scare charges, there should be
caution about including this as a standard mitigation measure in the guidelines. However,
some guidance on the use of scare charges may be beneficial for projects where licences
might require it. Such guidance might include monitoring for at least 60 minutes prior to the
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use of scare charges, delaying detonating them until 20 minutes after the last detection of a
marine mammal in the mitigation zone, continued monitoring during their use, stopping all
further charges if a marine mammal enters the mitigation zone during a sequence of
charges, and proceeding with the main detonation immediately after the last scare charge
providing the mitigation zone remains clear of marine mammals.

The guidelines say that any unusual observations during the post-detonation search should
be noted in the report, but it is equally important to note if there was nothing unusual
apparent. Post-detonation search reporting could be improved by including it on the Marine
Mammal Recording Forms.

Given the number of projects where MMO reports and data were missing, it is recommended
that the guidelines (and consent / licence conditions) require that these are submitted to
JNCC as well as to the relevant regulator. This would enable a timely review of projects.
Copies of licences and any MMMPs agreed with the regulator should be submitted alongside
MMO reports so that they are available for consideration when assessing compliance. The
guidelines should also recommend that MMOs and PAM operators make a thorough check
of their data prior to submission, including cross-referencing between forms.

4.6  Considerations for future revisions to the recording forms

The existing Marine Mammal Recording Forms are designed primarily for geophysical
surveys. Although they can be used for other activities such as the use of explosives, there
are some columns that are not relevant and other information that would be relevant is
omitted. Separate forms should be designed for explosives; a list of recommended items to
be included on the forms is listed in Appendix 2.

Information specific to geophysical surveys on the Cover Page should be replaced with
information relevant to the use of explosives (e.g. type of source (high-order explosives,
deflagration, etc.), and details of any ADDs used (type, number and frequency).

The Operations form should have the facility to record the particulars of mitigation for each
detonation, including the use of bubble curtains, times of ADD use and scare charges if used
(times, number, minimum and maximum NEQSs). Instead of asking whether it was day or
night prior to operations, which might imply that night-time detonations are acceptable, the
form should ask for confirmation that all monitoring and detonations were conducted in
daylight. The form could also ask for confirmation that the full extent of the mitigation zone
could be clearly seen. Details of the detonation should also be included: type of explosive,
NEQ (both donor charge and UXO in the case of UXO clearance), seabed depth, whether
the charge was downhole (and if so, downhole depth), and whether the detonation was
successful or a misfire. The source (e.g. high-order detonation, deflagration, etc.) should be
recorded for each activity as some projects may use more than one method; although both
would be listed on the Cover Page, there is a need to distinguish which method was used on
each occasion. Details of the post-detonation search should also be included on the
Operations form, both the times of the search and any observations (including nothing seen
where applicable).

Source activity on the Effort form and the record of explosive activity when animals are first
and last detected on the Sighting form should include ADD, scare charges and misfires as
options.

In the projects examined here, MMOs recorded sightings of animals that were seen whilst
away from the project location, sometimes seen incidentally but sometimes during
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monitoring recorded on the Effort form. Itis important to be able to distinguish Effort and
Sightings on- and off-site when analysing the response of marine mammals to explosives. It
is recommended that both the Effort and Sighting forms have the facility to record whether
the vessel was on site or in transit.
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5 Conclusions

This is the first analysis of MMO / PAM data from projects using explosives in UK waters. It
was limited by the lack of available data, particularly the low number of detections of marine
mammals, which restricted the analysis of responses of marine mammals to detonations.
Although no responses to the activities were found, sample sizes were only sufficient for
statistical analysis in a few cases and even then, sample sizes were low so the results
should be treated with caution.

The level of compliance with the INCC explosives guidelines could be assessed for those
projects that submitted data, however as MMO reports and data were missing from
approximately one half of decommissioning projects and one third of UXO clearance
projects, the true level of compliance is unknown. Nevertheless, information could be gained
to support recommendations for best practice.

Although in general compliance with the JNCC guidelines was good, there were some areas
where mitigation could be improved. While compliance with the requirement for a pre-
detonation search was generally good, monitoring could be improved by having two MMOs
at different stations, to provide effective coverage of the full extent of the mitigation zone.
Similarly, PAM deployment options need to allow for coverage of both the full extent of the
mitigation zone and the full duration of the pre-detonation search. A single person was
provided for monitoring on approximately half of the projects examined; engaging more
personnel would allow these improvements to be made and increase the effectiveness of
monitoring.

ADDs were a common mitigation measure, used on two-thirds of projects. However, the
duration that they were active for varied and did not correspond to the size of explosive.
Where the duration was specified in the licence, it was exceeded on almost half of
occasions. There needs to be a more consistent approach to the use of ADDs, with the
duration tailored in accordance with the predicted injury zone and a common approach to
monitoring beforehand and procedures should a marine mammal be detected in the
mitigation zone prior to or during ADD use.

Scare charges were used less often than ADDs, and only on UXO clearance projects. They
were usually used following deployment of an ADD and it was unclear whether there was
any additional benefit from using scare charges in addition to ADDs. However, the presence
of grey seals on occasion demonstrated that neither ADDs nor scare charges are completely
effective at deterring marine mammals, reinforcing the need for detonations to be conducted
in good observation conditions with effective monitoring beforehand.

Detonations were delayed on the few occasions when this was required due to the presence
of marine mammals in the mitigation zone, but sometimes ADDs were used to attempt to
drive the animals away. Whilst ADDs can be a useful tool to try to prevent animals from
entering the mitigation zone and may be particularly useful to deter animals beyond the
range of detection by MMOs and PAM where predicted injury zones are large, whether they
should be used to drive away animals detected in close proximity (rather than waiting for the
animals to leave of their own accord) should be subject to question.

Noise abatement, whether by using bubble curtains or alternatives to high-order detonations,
was practised on only a few projects. Itis recommended that noise abatement is considered
as a primary mitigation measure in future projects.
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In the light of the results of this analysis, some recommendations for changes to the JNCC
guidelines for explosives are made. These include: a greater emphasis on noise abatement
(e.g. bubble curtains, low-order UXO clearance methods); ensuring there are sufficient
numbers of mitigation personnel; consideration of the need for two observation platforms
and/or PAM arrays; strengthening the requirement to commence detonations in daylight and
good visibility, with more specific criteria including ensuring that pre- and post-detonation
monitoring is completed in daylight; restricting detonations to good sea conditions; more
guidance on the use of ADDs; caution and guidance on the use of scare charges; requiring
that reports and data are submitted to JNCC as well as the relevant regulator; and
recommending that MMOs and PAM operators perform thorough checks of their data.
Proposals for Marine Mammal Recording Forms specific to explosives operations are also
made.

50



References

Aarts, G., von Benda-Beckmann, A.M., Lucke, K., Sertlek, H.O., van Bemmelen, R.,
Geelhoed, S.C.V., Brasseur, S., Scheidat, M., Lam, F.P.A., Slabbekoorn, H. & Kirkwood, R.
2016. Harbour porpoise movement strategy affects cumulative number of animals
acoustically exposed to underwater explosions. Marine Ecology Progress Series, 557, 261-
275. https://doi.org/10.3354/meps11829

Barton, C. 2022. JNCC MMO database manual: explosives operations. Available from
JNCC on request.

Basran, C.J., Woelfing, B., Neumann, C. & Rasmussen, M.H. 2020. Behavioural responses
of humpback whales (Megaptera novaeangliae) to two acoustic deterrent devices in a
northern feeding ground off Iceland. Aquatic Mammals, 46(6), 584-602. doi:
10.1578/AM.46.6.2020.584

BOWL. 2016. UXO clearance Marine Licence — environmental report. Document reference
LFO00005-REP-1326, 89pp. Available from:
https://marine.qgov.scot/sites/default/files/00506118.pdf [Accessed 25 December 2022].

Brand, A.M. 2021a. Explosives use in decommissioning - guide for assessment of risk
(EDGAR): | Determination of sound pressure levels for open water blasts and severance of
conductors and piles from below the seabed. Modelling, 2, 514-533.
https://doi.org/10.3390/modelling2040027

Brand, A.M. 2021b. Explosives use in decommissioning - guide for assessment of risk
(EDGAR): 1l Determination of sound exposure levels for open water blasts and severance of
conductors and piles from below the seabed. Modelling, 2, 534-554.
https://doi.org/10.3390/modelling2040028

Brandt, M.J., Hoschle, C., Diederichs, A., Betke, K., Matuschek, R. & Nehls, G. 2013. Seal
scarers as a tool to deter harbour porpoises from offshore construction sites. Marine
Ecology Progress Series, 475, 291-302. doi: 10.3354/meps10100

Brandt, M.J., Hoschle, C., Diederichs, A., Betke, K., Matuschek, R., Witte, S., & Nehls, G.
2012a. Far-reaching effects of a seal scarer on harbour porpoises, Phocoena phocoena.
Aquatic Conservation: Marine and Freshwater Ecosystems, 23, 222—-232. doi:
10.1002/aqc.2311

Brandt, M.J., HOoschle, C., Diederichs, A., Betke, K., Matuschek, R., Witte, S. & Nehls, G.
2012b. Effectiveness of a sealscarer in deterring harbour porpoises (Phocoena phocoena)
and its application as a mitigation measure during offshore pile driving. Bioconsult SH,
Husum, Germany. 0-109. Available from: https://bioconsult-
sh.de/site/assets/files/1359/1359.pdf [Accessed 29 January 2023].

Brotons, J.M., Munilla, A., Grau, A.M. & Rendell, L. 2008. Do pingers reduce interactions
between bottlenose dolphins and nets around the Balearic Islands? Endangered Species
Research, 5, 301-308.

Brownlow, A., Baily, J., Dagleish, M., Deaville, R., Foster, G., Jensen, S-K., Krupp, E., Law,
R., Penrose, R., Perkins, M., Read, F. & Jepson, P. 2015. Investigation into the long-finned
pilot whale mass stranding event, Kyle of Durness, 22nd July 2011. Report of the Scottish
Marine Animal Stranding Scheme, 60pp. Available from:
https://www.ascobans.org/sites/default/files/document/AC22 Inf 4.6.f KyleOfDurness MSE.

pdf [Accessed 16 January 2023].

51


https://doi.org/10.3354/meps11829
https://marine.gov.scot/sites/default/files/00506118.pdf
https://doi.org/10.3390/modelling2040027
https://doi.org/10.3390/modelling2040028
https://bioconsult-sh.de/site/assets/files/1359/1359.pdf
https://bioconsult-sh.de/site/assets/files/1359/1359.pdf
https://www.ascobans.org/sites/default/files/document/AC22_Inf_4.6.f_KyleOfDurness_MSE.pdf
https://www.ascobans.org/sites/default/files/document/AC22_Inf_4.6.f_KyleOfDurness_MSE.pdf

Cheong, S-H., Wang, L., Lepper, P. & Robinson, S. 2020. Final report: characterisation of
acoustic fields generated by UXO removal - phase 2. NPL Report AC 19, 60pp. Available
from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment da
ta/file/893773/NPL 2020 -

Characterisation _of Acoustic_Fields Generated by UXO Removal.pdf [Accessed 4 July
2022].

Continental Shelf Associates, Inc. 2004. Explosive removal of offshore structures -
information synthesis report. U.S. Department of the Interior, Minerals Management
Service, Gulf of Mexico OCS Region, New Orleans, LA. OCS Study MMS 2003-070, 181
pp. + app. Available from: https://espis.boem.gov/final%20reports/3042.pdf [Accessed 28
December 2022].

Coram, A., Gordon, J., Thompson, D. & Northridge, S. 2014. Evaluating and assessing the
relative effectiveness of non-lethal measures, including acoustic deterrent devices, on
marine mammals. Scottish Government. Available from:
https://www.gov.scot/binaries/content/documents/govscot/publications/research-and-
analysis/2014/10/evaluating-assessing-relative-effectiveness-acoustic-deterrent-devices-
non-lethal-measures/documents/00504418-pdf/00504418-
pdf/govscot%3Adocument/00504418.pdf [Accessed 19 June 2022].

Cucknell, A.-C., Boisseau, O., Leaper, R., McLanaghan, R. & Moscrop, A. 2016. Harbour
porpoise (Phocoena phocoena) presence, abundance and distribution over the Dogger
Bank, North Sea, in winter. Journal of the Marine Biological Association of the United
Kingdom, 97(7), 1,455-1,465. doi: 10.1017/S0025315416000783

Dahne, M., Tougaard, J., Carstensen, J., Rose, A. & Nabe-Nielsen, J. 2017. Bubble
curtains attenuate noise from offshore wind farm construction and reduce temporary habitat
loss for harbour porpoises. Marine Ecology Progress Series, 580, 221-237.
https://doi.org/10.3354/meps12257

Danil, K. & St. Leger, J.A. 2011. Seabird and dolphin mortality associated with underwater
detonation exercises. Marine Technology Society Journal, 45(6), 89-95.

DEFRA. 2021. Marine environment: unexploded ordnance clearance joint interim position
statement. Available from: https://www.gov.uk/government/publications/marine-
environment-unexploded-ordnance-clearance-joint-interim-position-statement/marine-
environment-unexploded-ordnance-clearance-joint-interim-position-statement [Accessed 17
December 2022].

Diiaz L606pez, B. & Marififio, F. 2011. A trial of acoustic harassment device efficacy on free-
ranging bottlenose dolphins in Sardinia, Italy. Marine and Freshwater Behaviour and
Physiology, 2011, 1-12. doi: 10.1080/10236244.2011.618216

dos Santos, M.E., Couchinho, M.N., Luis, A.R. & Gongalves, E.J. 2010. Monitoring
underwater explosions in the habitat of resident bottlenose dolphins. Journal of the
Acoustical Society of America, 128 (6), 3,805-3,808.

Findlay, C.R., Aleynik, D., Farcas, A., Merchant, N.D., Risch, D. & Wilson, B. 2021.
Auditory impairment from acoustic seal deterrents predicted for harbour porpoises in a
marine protected area. Journal of Applied Ecology, 58(8), 1,631-1,642.
https://doi.org/10.1111/1365-2664.13910

Findlay, C.R., Hastie, G.D., Farcas, A., Merchant, N.D., Risch, D. & Wilson, B. 2022.
Exposure of individual harbour seals (Phoca vitulina) and waters surrounding protected

52


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/893773/NPL_2020_-_Characterisation_of_Acoustic_Fields_Generated_by_UXO_Removal.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/893773/NPL_2020_-_Characterisation_of_Acoustic_Fields_Generated_by_UXO_Removal.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/893773/NPL_2020_-_Characterisation_of_Acoustic_Fields_Generated_by_UXO_Removal.pdf
https://espis.boem.gov/final%20reports/3042.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/research-and-analysis/2014/10/evaluating-assessing-relative-effectiveness-acoustic-deterrent-devices-non-lethal-measures/documents/00504418-pdf/00504418-pdf/govscot%3Adocument/00504418.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/research-and-analysis/2014/10/evaluating-assessing-relative-effectiveness-acoustic-deterrent-devices-non-lethal-measures/documents/00504418-pdf/00504418-pdf/govscot%3Adocument/00504418.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/research-and-analysis/2014/10/evaluating-assessing-relative-effectiveness-acoustic-deterrent-devices-non-lethal-measures/documents/00504418-pdf/00504418-pdf/govscot%3Adocument/00504418.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/research-and-analysis/2014/10/evaluating-assessing-relative-effectiveness-acoustic-deterrent-devices-non-lethal-measures/documents/00504418-pdf/00504418-pdf/govscot%3Adocument/00504418.pdf
https://doi.org/10.3354/meps12257
https://www.gov.uk/government/publications/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement
https://www.gov.uk/government/publications/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement
https://www.gov.uk/government/publications/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement/marine-environment-unexploded-ordnance-clearance-joint-interim-position-statement
https://doi.org/10.1111/1365-2664.13910

habitats to acoustic deterrent noise from aquaculture. Aquatic Conservation: Marine and
Freshwater Ecosystems, 32(5), 766-780. https://doi.org/10.1002/agc.3800

Forney, K.A. & Wade, P.R. 2006. Worldwide distribution and abundance of killer whales. In
Estes, J. (ed.), Whales, whaling and ocean ecosystems, pp. 145-162.
https://doi.org/10.1525/california/9780520248847.003.0012

Gitschlag, G.R., Schirripa, M.J. & Powers, J.E. 2000. Estimation of fisheries impacts due to
underwater explosives used to sever and salvage oil and gas platforms in the U.S. Gulf of
Mexico: final report. OCS Study MMS 2000-087. Prepared by the National Marine Fisheries
Service. U.S. Dept. of the Interior, Minerals Management Service, Gulf of Mexico OCS
Region, New Orleans, LA. 80 pp. Available from:
https://espis.boem.gov/final%20reports/3192.PDF [Accessed 28 December 2022].

Gordon, J., Blight, C., Bryant, E. & Thompson, D. 2019. Measuring responses of harbour
seals to potential aversive acoustic mitigation signals using controlled exposure behavioural
response studies. Aquatic Conservation: Marine and Freshwater Ecosystems, 29, 157—
177. https://doi.org/10.1002/agc.3150

Graham, .M., Gillespie, D., Gkikopoulou, K.C., Hastie, G.D. & Thompson, P.M. 2023.
Directional hydrophone clusters reveal evasive responses of small cetaceans to disturbance
during construction at offshore windfarms. Biology Letters, 19, 20220101.
https://doi.org/10.1098/rsbl.2022.0101

Hammond, P.S., Lacey, C., Gilles, A., Viquerat, S., Borjesson, P., Herr, H., Macleod, K.,
Ridoux, V., Santos, M.B., Scheidat, M., Teilmann, J., Vingada, J. & @ien, N. 2021.
Estimates of cetacean abundance in European Atlantic waters in summer 2016 from the
SCANS-III aerial and shipboard surveys. Available from: https://scans3.wp.st-
andrews.ac.uk/files/2021/06/SCANS-III_design-

based estimates final report revised June 2021.pdf [Accessed 23 September 2022].

Hammond, P.S., Macleod, K., Berggren, P., Borchers, D.L., Burt, L., Cafadas, A.,
Desportes, G., Donovan, G.P., Gilles., A., Gillespie, D., Gordon, J., Hiby, L., Kuklik, I.,
Leaper, R., Lehnert, K., Leopold, M., Lovell, P., @ien, N., Paxton, C.G.M., Ridoux, V.,
Rogan, E., Samarra, F., Scheidat, M., Sequeira, M., Siebert, U., Skov, H., Swift, R., Tasker,
M.L., Teilmann, J., Van Canneyt, O. & Vazquez, J.A. 2013. Cetacean abundance and
distribution in European Atlantic shelf waters to inform conservation and management.
Biological Conservation, 164, 107-122. https://doi.org/10.1016/j.biocon.2013.04.010

Harcourt, R., Pirotta, V., Heller, G., Peddemors, V. & Slip, D. 2014. A whale alarm fails to
deter migrating humpback whales: an empirical test. Endangered Species Research, 25,
35-42. doi: 10.3354/esr00614

Harris, R.N., Harris, C.M., Duck, C.D. & Boyd, I.L. 2014. The effectiveness of a seal scarer
at a wild salmon net fishery. ICES Journal of Marine Science, 71(5), 1,913-1,920. doi:
10.1093/icesjms/fst216

Heinemann, D. 1981. A range finder for pelagic bird censusing. Journal of Wildlife
Management, 45, 489-493.

Herschel, A., Stephenson, S., Sparling, C., Sams, C. & Monnington, J. 2013. ORJIP Project
4, Phase 1 - Use of deterrent devices and improvements to standard mitigation during piling.
Report to Offshore Renewables Joint Industry Programme, Document Number L-300100-
S00-REPT-002. Available from: https://tethys.pnnl.gov/sites/default/files/publications/orjip-
acoustic-deterrent-devices-phase-1-report-xodus.pdf [Accessed 14 June 2022].

53


https://doi.org/10.1002/aqc.3800
https://doi.org/10.1525/california/9780520248847.003.0012
https://espis.boem.gov/final%20reports/3192.PDF
https://doi.org/10.1002/aqc.3150
https://doi.org/10.1098/rsbl.2022.0101
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf
https://scans3.wp.st-andrews.ac.uk/files/2021/06/SCANS-III_design-based_estimates_final_report_revised_June_2021.pdf
https://doi.org/10.1016/j.biocon.2013.04.010
https://tethys.pnnl.gov/sites/default/files/publications/orjip-acoustic-deterrent-devices-phase-1-report-xodus.pdf
https://tethys.pnnl.gov/sites/default/files/publications/orjip-acoustic-deterrent-devices-phase-1-report-xodus.pdf

JNCC. 2010a. JNCC guidelines for minimising the risk of injury to marine mammals from
using explosives. JNCC, Peterborough. Available from:
https://data.jncc.gov.uk/data/24cc180d-4030-49dd-8977-a04ebe0d7aca/JNCC-Guidelines-
Explosives-Guidelines-201008-Web.pdf [Accessed 9 July 2022].

JNCC. 2010b. Statutory nature conservation agency protocol for minimising the risk of
injury to marine mammals from piling noise. JNCC, Peterborough. Available from:
https://data.jncc.gov.uk/data/31662b6a-19ed-4918-9fab-8fbcff752046/INCC-CNCB-Piling-
protocol-August2010-Web.pdf [Accessed 9 July 2022].

JNCC. 2012a. Marine mammal recording forms. JNCC, Peterborough. Available from:
https://hub.jncc.qov.uk/assets/24cc180d-4030-49dd-8977-a04ebeOd7aca [Accessed 9 July
2022].

JNCC. 2012b. Guide to using marine mammal recording forms. JNCC, Peterborough.
Available from: https://hub.jncc.gov.uk/assets/e2a46de5-43d4-43f0-b296-c62134397ce4d
[Accessed 13 September 2022].

JNCC. 2017. JNCC guidelines for minimising the risk of injury to marine mammals from
geophysical surveys. JNCC, Peterborough. Available from:
https://hub.jncc.gov.uk/assets/e2a46de5-43d4-43f0-b296-c62134397ce4 [Accessed 9
December 2022].

JNCC. 2023. JNCC guidance on the use of passive acoustic monitoring in UK waters for
minimising the risk of injury to marine mammals from offshore activities. Available from:
Marine mammals and noise mitigation | INCC - Adviser to Government on Nature
Conservation

Kastelein, R.A., Hoek, L., Jennings, N., de Jong, C.A.F., Terhune, J.M. & Dieleman, M.
2010. Acoustic mitigation devices (AMDs) to deter marine mammals from pile driving areas
at sea: audibility & behavioural response of a harbour porpoise & harbour seals. In
COWRIE Ref: SEAMAMD-09, Technical Report 31st July 2010. Available from:
https://energy.soutron.net/Library/Download.aspx?id=4605 [Accessed 19 June 2022].

Kastelein, R.A., Jennings, N., Verboom, W.C., de Haan, D. & Schooneman, N.M. 2006.
Differences in the response of a striped dolphin (Stenella coeruleoalba) and a harbour
porpoise (Phocoena phocoena) to an acoustic alarm. Marine Environmental Research, 61,
363-378. doi: 10.1016/j.marenvres.2005.11.005

Keevin, T.M. & Hempen, G.L. 1997. The environmental effects of underwater explosions
with methods to mitigate impacts. U.S. Army Corps of Engineers, St. Louis, MO, 99 pp.
Available from: https://semspub.epa.gov/work/01/550560.pdf [Accessed 28 December
2022].

Ketten, D.R. 1995. Estimates of blast injury and acoustic trauma zones for marine
mammals from underwater explosions. In, Kastelein, R.A., Thomas, J.A. & Nachtigall, P.E.
(eds.), Sensory systems of aquatic mammals, De Spil Publishers, Woerden, The
Netherlands ISBN 90-72743-05-9. Pp. 391-407.

Ketten, D.R. 2006. Experimental measures and blast and acoustic trauma in marine
mammals. ONR Final Report: NO00149711030, 19pp. Available at:
https://csi.whoi.edu/sites/default/files/Kettendr_final%20report blast%20with%20figs.pdf
[Accessed 30 May 2022].

Ketten, D.R., Lien, J. & Todd, S. 1993. Blast injury in humpback whale ears: evidence and
implications. Journal of the Acoustical Society of America, 94, 1,849-1,850.
https://doi.org/10.1121/1.407688

54


https://data.jncc.gov.uk/data/24cc180d-4030-49dd-8977-a04ebe0d7aca/JNCC-Guidelines-Explosives-Guidelines-201008-Web.pdf
https://data.jncc.gov.uk/data/24cc180d-4030-49dd-8977-a04ebe0d7aca/JNCC-Guidelines-Explosives-Guidelines-201008-Web.pdf
https://data.jncc.gov.uk/data/31662b6a-19ed-4918-9fab-8fbcff752046/JNCC-CNCB-Piling-protocol-August2010-Web.pdf
https://data.jncc.gov.uk/data/31662b6a-19ed-4918-9fab-8fbcff752046/JNCC-CNCB-Piling-protocol-August2010-Web.pdf
https://hub.jncc.gov.uk/assets/24cc180d-4030-49dd-8977-a04ebe0d7aca
https://hub.jncc.gov.uk/assets/e2a46de5-43d4-43f0-b296-c62134397ce4
https://hub.jncc.gov.uk/assets/e2a46de5-43d4-43f0-b296-c62134397ce4
https://jncc.gov.uk/our-work/marine-mammals-and-noise-mitigation/
https://jncc.gov.uk/our-work/marine-mammals-and-noise-mitigation/
https://energy.soutron.net/Library/Download.aspx?id=4605
https://semspub.epa.gov/work/01/550560.pdf
https://csi.whoi.edu/sites/default/files/Kettendr_final%20report_blast%20with%20figs.pdf
https://doi.org/10.1121/1.407688

Klima, E.F., Gitschlag, G.R. & Renaud, M.L. 1988. Impacts of the explosive removal of
offshore petroleum platforms on sea turtles and dolphins. Marine Fisheries Review, 50(3),
33-42.

Koschinski, S. 2011. Underwater noise pollution from munitions clearance and disposal,
possible effects on marine vertebrates, and its mitigation. Marine Technology Society
Journal, 45(6), 80-88.

Lammers, M.O., Howe, M., Zang, E., McElligott, M., Engelhaupt, A. & Munger, L. 2017.
Acoustic monitoring of coastal dolphins and their response to naval mine neutralization
exercises. Royal Society Open Science, 4, 170558. http://dx.doi.org/10.1098/rs0s.170558

Leopold, M.F., Rotshuizen, E. & Evans, P.G.H. 2018. From nought to 100 in no time: how
humpback whales (Megaptera novaeangliae) came into the southern North Sea. Lutra,
61(1), 165-188. Available from: https:/library.wur.nl/WebQuery/wurpubs/541330 [Accessed
23 September 2022].

McGarry, T., Boisseau, O., Stephenson, S. & Compton, R. 2017. Understanding the
effectiveness of acoustic deterrent devices on minke whale (Balaenoptera acutorostrata), a
low frequency cetacean. ORJIP Project 4, Phase 2. RPS Report EOR0692. Prepared on
behalf of The Carbon Trust. November 2017. Available from: https://prod-drupal-
files.storage.googleapis.com/documents/resource/public/Understanding%20the%20Effective
ness%200f%20Acoustic%20Deterrent%20Devices%200n%20Minke%20Whale%20-
%200ffshore-renewables-joint-industry-programme%20REPORT.pdf [Accessed 15
September 2022].

McGarry, T., De Silva, R., Canning, S., Mendes, S., Prior, A., Stephenson, S. & Wilson, J.
2020. Evidence base for application of Acoustic Deterrent Devices (ADDs) as marine
mammal mitigation (Version 3). JNCC Report No. 615, INCC, Peterborough. ISSN 0963-
8091. Available from: https://data.jncc.gov.uk/data/e2d08d7a-998b-4814-a0ae-
4edf5d887a02/JNCC-Report-615v3-FINAL-WEB.pdf [Accessed 9 June 2022]

Merchant, N.D. & Robinson, S.P. 2020. Abatement of underwater noise pollution from pile-
driving and explosions in UK waters. Report of the UKAN workshop held on Tuesday 12
November 2019 at The Royal Society, London. 31pp. doi: 10.6084/m9.figshare.11815449

Mikkelsen, L., Hermannsen, L., Beedholm, K., Madsen, P.T. & Tougaard, J. 2017.
Simulated seal scarer sounds scare porpoises, but not seals: species-specific responses to
12 kHz deterrence sounds. Royal Society Open Science, 4, 170286.
http://dx.doi.org/10.1098/rs0s.170286

Mitchell, 1., Hanson, N., Pinn, E., Russell, D., Weinberg, J. & Hawkridge, J. 2018. Changes
in the abundance and distribution of seals. UK Marine Online Assessment Tool. Available
from: https://moat.cefas.co.uk/biodiversity-food-webs-and-marine-protected-
areas/seals/abundance-and-distribution/ [Accessed 23 September 2022].

Northridge, S.P., Tasker, M.L., Webb, A. & Williams, J.M. 1995. Distribution and relative
abundance of harbour porpoises (Phocoena phocoena L.), white-beaked dolphins
(Lagenorhynchus albirostris Gray), and minke whales (Balaenoptera acutorostrata
Lacepede) around the British Isles. ICES Journal of Marine Science, 52, 55-66.
https://doi.org/10.1016/1054-3139(95)80015-8

Nowacek, D.P., Broker, K., Donovan, G., Gailey, G., Racca, R., Reeves, R.R, Vedenev, A.l.,
Weller, D.W. & Southall, B.L. 2013. Responsible practices for minimizing and monitoring
environmental impacts of marine seismic surveys with an emphasis on marine mammals.
Aquatic Mammals, 39(4), 356-377. doi: 10.1578/AM.39.4.2013.356

55


http://dx.doi.org/10.1098/rsos.170558
https://library.wur.nl/WebQuery/wurpubs/541330
https://prod-drupal-files.storage.googleapis.com/documents/resource/public/Understanding%20the%20Effectiveness%20of%20Acoustic%20Deterrent%20Devices%20on%20Minke%20Whale%20-%20offshore-renewables-joint-industry-programme%20REPORT.pdf
https://prod-drupal-files.storage.googleapis.com/documents/resource/public/Understanding%20the%20Effectiveness%20of%20Acoustic%20Deterrent%20Devices%20on%20Minke%20Whale%20-%20offshore-renewables-joint-industry-programme%20REPORT.pdf
https://prod-drupal-files.storage.googleapis.com/documents/resource/public/Understanding%20the%20Effectiveness%20of%20Acoustic%20Deterrent%20Devices%20on%20Minke%20Whale%20-%20offshore-renewables-joint-industry-programme%20REPORT.pdf
https://prod-drupal-files.storage.googleapis.com/documents/resource/public/Understanding%20the%20Effectiveness%20of%20Acoustic%20Deterrent%20Devices%20on%20Minke%20Whale%20-%20offshore-renewables-joint-industry-programme%20REPORT.pdf
https://data.jncc.gov.uk/data/e2d08d7a-998b-4814-a0ae-4edf5d887a02/JNCC-Report-615v3-FINAL-WEB.pdf
https://data.jncc.gov.uk/data/e2d08d7a-998b-4814-a0ae-4edf5d887a02/JNCC-Report-615v3-FINAL-WEB.pdf
http://dx.doi.org/10.1098/rsos.170286
https://moat.cefas.co.uk/biodiversity-food-webs-and-marine-protected-areas/seals/abundance-and-distribution/
https://moat.cefas.co.uk/biodiversity-food-webs-and-marine-protected-areas/seals/abundance-and-distribution/
https://doi.org/10.1016/1054-3139(95)80015-8

Nowacek, D.P. & Southall, B.L. 2016. Effective planning strategies for managing
environmental risk associated with geophysical and other imaging surveys. IUCN, Gland,
Switzerland. 42pp. Available from:
https://portals.iucn.org/library/sites/library/files/documents/2016-053.pdf [Accessed 9 July
2022].

O’Neil, K.E., Cunningham, E.G. & Moore, D.M. 2019. Sudden seasonal occurrence of
humpback whales Megaptera novaeangliae in the Firth of Forth, Scotland and first confirmed
movement between high-latitude feeding grounds and United Kingdom waters. Marine
Biodiversity Records, (2019) 12:12. https://doi.org/10.1186/s41200-019-0172-7

Pirotta, V., Slip, D., Jonsen, I.D., Peddemors, V.M., Cato, D.H., Ross, G. & Harcourt, R.
2016. Migrating humpback whales show no detectable response to whale alarms off
Sydney, Australia. Endangered Species Research, 29, 201-209. doi: 10.3354/esr00712

Reid, J.B., Evans, P.G.H. & Northridge, S.P. 2003. Atlas of cetacean distribution in north-
west European waters. JNCC, Peterborough. Available from:
https://data.jncc.gov.uk/data/a5a51895-50al-4cd8-8f9d-8e2512345adf/atlas-cetacean-
distribution-web.pdf [Accessed 23 September 2022].

Richardson, W.J., Greene, C.R. Jr., Malme, C.I. & Thomson, D.H. 1995. Marine mammals
and noise. Academic Press, San Diego, ISBN 0-12-588441-9.

Robinson, S.P., Wang, L., Cheong, S-H., Lepper, P.A., Hartley, J.P., Thompson, P.M.,
Edwards, E. & Bellmann, M. 2022. Acoustic characterisation of unexploded ordnance
disposal in the North Sea using high order detonations. Marine Pollution Bulletin, 184,
114178. https://doi.org/10.1016/j.marpolbul.2022.114178

Robinson, S.P., Wang, L., Cheong, S-H., Lepper, P.A., Marubini, F. & Hartley, J.P. 2020.
Underwater acoustic characterisation of unexploded ordnance disposal using deflagration.
Marine Pollution Bulletin, 160 (2020), 111646.
https://doi.org/10.1016/j.marpolbul.2020.111646

Rose, A., Brandt, M.J., Vilela, R., Diederichs, A., Schubert, A., Kosarev, V., Nehls, G.,
Volkenandt, M., Wahl, V., Michalik, A., Wendeln, H., Freund, A., Ketzer, C., Limmer, B.,
Laczny, M. & Piper, W. 2019. Effects of noise-mitigated offshore pile driving on harbour
porpoise abundance in the German Bight 2014-2016 (Gescha 2) - assessment of noise
effects. Technischer Abschlussbericht im Auftrag des Arbeitskreis Schallschutz des
Offshore Forums Windenergie, Erstellt von BioConsult SH GmbH & Co KG, Husum; IBL
Umweltplanung GmbH, Oldenburg; Institut fiir Angewandte Okosystemforschung GmbH,
Hamburg. 2019. Available from: https://tethys.pnnl.gov/sites/default/files/publications/Rose-
et-al-2019.pdf [Accessed 11 November 2022].

Schaffeld, T., Ruser, A., Woelfing, B., Baltzer, J., Kristensen, J.H., Larsson, J., Schnitzler,
J.G. & Sierbert, U. 2019. The use of seal scarers as a protective mitigation measure can
induce hearing impairment in harbour porpoises. Journal of the Acoustical Society of
America, 146(6), 4288-4298. https://doi.org/10.1121/1.5135303

Schmidtke, E., Nutzel, B. & Ludwig, S. 2009. Risk mitigation for sea mammals — the use of
air bubbles against shock waves. NAG/DAGA conference 2009 Rotterdam / The
Netherlands, 269-270. Available from: https://pub.dega-

akustik.de/NAG DAGA 2009/data/articles/000311.pdf [Accessed 17 December 2022].

Siebert, U., Stlrznickel, J., Schaffeld, T., Oheim, R., Rolvien, T., Prenger-Berninghoff, E.,
Wohlsein, P., Lakemeyer, J., Rohner, S., Aroha Schick, L., Gross, S., Nachtsheim, D.,
Ewers, C., Becher, P., Amling, M. & Morell, M. 2022. Blast injury on harbour porpoises
(Phocoena phocoena) from the Baltic Sea after explosions of deposits of World War II

56


https://portals.iucn.org/library/sites/library/files/documents/2016-053.pdf
https://doi.org/10.1186/s41200-019-0172-7
https://data.jncc.gov.uk/data/a5a51895-50a1-4cd8-8f9d-8e2512345adf/atlas-cetacean-distribution-web.pdf
https://data.jncc.gov.uk/data/a5a51895-50a1-4cd8-8f9d-8e2512345adf/atlas-cetacean-distribution-web.pdf
https://doi.org/10.1016/j.marpolbul.2022.114178
https://doi.org/10.1016/j.marpolbul.2020.111646
https://tethys.pnnl.gov/sites/default/files/publications/Rose-et-al-2019.pdf
https://tethys.pnnl.gov/sites/default/files/publications/Rose-et-al-2019.pdf
https://doi.org/10.1121/1.5135303
https://pub.dega-akustik.de/NAG_DAGA_2009/data/articles/000311.pdf
https://pub.dega-akustik.de/NAG_DAGA_2009/data/articles/000311.pdf

ammunition. Environment International, 159 (2022), 107014.
https://doi.org/10.1016/].envint.2021.107014

Siegel, S. & Castellan, N.J. Jr. 1988. Nonparametric statistics for the behavioral sciences.
McGraw-Hill Book Co., Singapore.

Southall, B.L., Bowles, A.E., Ellison, W.T., Finneran, J.J., Gentry, R.L., Greene, C.R. Jr.,
Kastak, D., Ketten, D.R., Miller, J.H., Nachtigall, P.E., Richardson, W.J., Thomas, J.A. &
Tyack, P.L. 2007. Marine mammal noise exposure criteria: initial scientific

recommendations. Aquatic Mammals, 33(4), 411-414. doi: 10.1578/AM.33.4.2007.411

Southall, B.L., Finneran, J.J., Reichmuth, C., Nachtigall, P.E., Ketten, D.R., Bowles, A.E.,
Ellison, W.T., Nowacek, D.P. & Tyack, P.L. 2019. Marine mammal noise exposure criteria:
updated scientific recommendations for residual hearing effects. Aquatic Mammals, 45(2),
125-232. doi: 10.1578/AM.45.2.2019.125

Sparling, C., Sams, C., Stephenson, S., Joy, R., Wood, J., Gordon, J., Thompson, D.,
Plunkett, R., Miller, B. & Go6tz, T. 2015. The use of acoustic deterrents for the mitigation of
injury to marine mammals during pile driving for offshore wind farm construction. Orjip
Project 4. Stage One of Phase Two. Submitted to The Carbon Trust, October 2015
(Unpublished). Available from: https://tethys.pnnl.gov/sites/default/files/publications/orjip-
add-study-final-report-stage-1-phase-2.pdf [Accessed 7 June 2022].

Stone, C.J. 2015. Implementation of and considerations for revisions to the JINCC
guidelines for seismic surveys. JNCC Report No. 463b. JNCC, Peterborough, ISSN 0963-
8091. Available from: https://hub.jncc.gov.uk/assets/f7990481-7a99-414c-be04-
b972dal0clb7 [Accessed 28 October 2022].

Stone, C.J. 2023a. Compliance with INCC guidelines during geophysical surveys in UK
waters between 2011 and 2020 and long-term trends in compliance. JNCC, Peterborough,
ISSN 0963-8091. Available from:Marine mammals and offshore industries | INCC - Adviser
to Government on Nature Conservation

Stone, C.J. 2023b. Marine mammal observations during geophysical surveys from 1995—
2020. JNCC, Peterborough, ISSN 0963-8091. Available from:Marine mammals and
offshore industries | INCC - Adviser to Government on Nature Conservation

Stone, C.J. 2023c. Marine mammal observations and compliance with INCC guidelines
during pile driving operations from 2010-2021. JNCC, Peterborough, ISSN 0963-8091.
Available from: Marine mammals and offshore industries | INCC - Adviser to Government on
Nature Conservation

Sundermeyer, J.K., Lucke, K., Dahne, M., Gallus, A., Krtigel, K. & Siebert, U. 2012. Effects
of underwater explosions on presence and habitat use of harbor porpoises in the German
Baltic Sea. In, Popper, A.N. & Hawkins, A. (eds.), The Effects of Noise on Aquatic Life.
Advances in Experimental Medicine and Biology, 730, 289-291. doi: 10.1007/978-1-4419-
7311-5_64

Teilmann, J. 2003. Influence of sea state on density estimates of harbour porpoise
(Phocoena phocoena). Journal of Cetacean Research and Management, 5(1), 85-92.

Thompson, P.M., Graham, |I.M., Cheney, B., Barton, T.R., Farcas, A. & Merchant, N.D.
2020. Balancing risks of injury and disturbance to marine mammals when pile driving at
offshore windfarms. Ecological Solutions and Evidence, 2020;1, e12034.
https://doi.org/10.1002/2688-8319.12034

57


https://doi.org/10.1016/j.envint.2021.107014
https://tethys.pnnl.gov/sites/default/files/publications/orjip-add-study-final-report-stage-1-phase-2.pdf
https://tethys.pnnl.gov/sites/default/files/publications/orjip-add-study-final-report-stage-1-phase-2.pdf
https://hub.jncc.gov.uk/assets/f7990481-7a99-414c-be04-b972da10c1b7
https://hub.jncc.gov.uk/assets/f7990481-7a99-414c-be04-b972da10c1b7
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources
https://jncc.gov.uk/our-work/marine-mammals-and-offshore-industries/#related-publications-and-data-sources

Todd, S., Lien, J., Marques, F., Stevick, P. & Ketten, D. 1996. Behavioural effects of
exposure to underwater explosions in humpback whales (Megaptera novaeangliae).
Canadian Journal of Zoology, 74(9), 1,161-1,672. doi: 10.1139/z96-184

Todd, V.L.G., Williamson, L.D., Jiang, J., Cox, S.E., Todd, I.B. & Ruffert, M. 2021.
Prediction of marine mammal auditory-impact risk from Acoustic Deterrent Devices used in
Scottish aquaculture. Marine Pollution Bulletin, 165, 112171.
https://doi.org/10.1016/j.marpolbul.2021.112171

US Navy. 2015. Marine mammals. Chapter 3.4 in Northwest training and testing final
EIS/OEIS. Available at https://nwtteis.com/Portals/nwtteis/files/2015-
2016/feisINWTT_FEIS 3.4 Marine_Mammals Oct 2015.pdf [Accessed 2 June 2022].

von Benda-Beckmann, A.M., Aarts, G., Ozkan Sertlek, H., Lucke, K., Verboom, W.C.,
Kastelein, R.A., Ketten, D.R., van Bemmelen, R., Lam, F-P. A., Kirkwood, R.J. & Ainslie,
M.A. 2015. Assessing the impact of underwater clearance of unexploded ordnance on
harbour porpoises (Phocoena phocoena) in the Southern North Sea. Aquatic Mammals,
41(4), 503-523. doi: 10.1578/AM.41.4.2015.503

Yelverton, J.T., Richmond, D.R., Fletcher, E.R. & Jones, R.K. 1973. Safe distances from
underwater explosions for mammals and birds. Defense Technical Information Center: Fort
Belvoir, VA, USA, 1973, 64 pp. Available from: https://apps.dtic.mil/sti/pdfs/AD0766952.pdf
[Accessed 3 June 2022].

Young, G. A. 1991. Concise methods of predicting the effects of underwater explosions on
marine life. NAVSWC-MP-91-220, Naval Surface Weapons Center, Silver Spring, MD.
Available from: https://apps.dtic.mil/sti/pdfs/ADA241310.pdf [Accessed 3 June 2022].

58


https://doi.org/10.1016/j.marpolbul.2021.112171
https://nwtteis.com/Portals/nwtteis/files/2015-2016/feis/NWTT_FEIS_3.4_Marine_Mammals_Oct_2015.pdf
https://nwtteis.com/Portals/nwtteis/files/2015-2016/feis/NWTT_FEIS_3.4_Marine_Mammals_Oct_2015.pdf
https://apps.dtic.mil/sti/pdfs/AD0766952.pdf
https://apps.dtic.mil/sti/pdfs/ADA241310.pdf

Appendix 1 - Species maps

On all maps the short, dashed line = 200m isobath; the long dashed line = 1,000m isobath.
Maps show the number of individuals per licensing block (10’ latitude x 12" longitude).
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Figure 9. Grey seals encountered during projects using explosives, 2010-2021.
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Figure 10. Harbour seals encountered during projects using explosives, 2010-2021.
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Figure 11. Humpback whales encountered during projects using explosives, 2010-2021.
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Figure 12. Minke whales encountered during projects using explosives, 2010-2021.

62




60NE
58N|-
56N|—
AN
52N
50N|-
Number of individuals
01-4
@5-9
‘ 010-19
[ ~ [ | . 2,0 + -
12w 10W 8w 6W 4w 2W 0 2E 4E

Figure 13. Long-finned pilot whales encountered during projects using explosives, 2010-2021.

63



60NE
58N|-
56N|—
AN
52N
50N|-
Number of individuals
01-4
o @5-9
010-19
[ i | . 2,0 + -
12w 10W 8w 6W 4w 2W 2E 4E

Figure 14. Killer whales encountered during projects using explosives, 2010-2021.
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Figure 15. Bottlenose dolphins encountered during projects using explosives, 2010-2021.
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Figure 16. White-beaked dolphins encountered during projects using explosives, 2010-2021.
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Figure 17. Harbour porpoises encountered during projects using explosives, 2010-2021.
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Appendix 2 - Recommended items for Marine Mammal
Recording Forms (explosives)

Cover Page:

Regulatory reference number

Country

Location (e.g. OWF name)

Quad (for O&G)

Ship / platform name

Client

Contractor

Project type (decommissioning, UXO, construction, military)
Industry (O&G, OWF, cable / pipeline, coastal construction, military etc.)
Start date

End date

Type of source (explosives, deflagration, etc.)
Frequency (Hz)

Intensity (dB re. 1pPa or bar metres)

Method of soft start (none, scare charges)
Visual monitoring equipment used
Magnification of optical equipment

Height of eye (metres)

How was distance of animals estimated?
Number of dedicated MMOs

Training of MMOs

Was PAM used?

Number of PAM operators (PAM only)
Description of PAM equipment (PAM only)
Range of hydrophones from detonation site (PAM only)
Depth of hydrophones (PAM only)

ADD used (yes / no)

ADD type

Number of ADDs

ADD frequency

Comments

Operations:

Regulatory reference number

Ship / platform name

Date

Bubble curtain used?

Time ADD on (UTC)

Time ADD off (UTC)

Time scare charge began (UTC)

Time scare charge ended (UTC)

Time of detonation (UTC)

Fire / misfire (successful detonation, misfire, donor charge only)
Time pre-detonation search began (UTC)
Time search ended (UTC)

Time PAM began (UTC)
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. Time PAM ended (UTC)

. Time post-detonation search began (UTC)

° Time post-detonation search ended (UTC)

o Post-detonation search observations

. Was all monitoring (pre- and post-detonation) conducted in daylight?
o Could the full extent of the mitigation zone be clearly seen?
° Was any mitigating action required?

° Source (high-order explosives, deflagration, hydra jet, etc.)
. Type of explosive

. NEQ (k)

o UXO NEQ (kg)

° Scare charge used

. Number of scare charges

. Minimum scare charge NEQ (kg)

. Maximum scare charge NEQ (kg)

° Seabed depth (metres)

. Downhole (yes / no)

. Downhole depth (metres)

. Comments

Effort:

Regulatory reference number

Ship / platform name

Date

Visual watch or PAM?

Observer's / operator's name(s)

Time of start of watch (UTC)

Time of end of watch (UTC)

Source activity (not active, ADD, scare charge, detonation, misfire)
On site / in transit

Start position - degrees latitude

Start position - minutes latitude

Start position - north / south

Start position - degrees longitude

Start position - minutes longitude

Start position - east / west

Depth of water at start position (metres)
End position - degrees latitude

End position - minutes latitude

End position - north / south

End position - degrees longitude

End position - minutes longitude

End position - east / west

Depth of water at end position (metres)
Speed of vessel (knots)

Wind direction

Wind force (Beaufort)

Sea state

Swell

Visibility (visual watch only)

Sun glare (visual watch only)
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Precipitation
Comments

Sightings:

Regulatory reference number

Ship / platform name

Sighting number

Acoustic detection number

Date

Time at start of encounter (UTC)

Time at end of encounter (UTC)

Were animals detected visually and/or acoustically?

How were the animals first detected?

On site / in transit

Observer's/ operator's name

Position - degrees latitude

Position - minutes latitude

Position - north / south

Position - degrees longitude

Position - minutes longitude

Position - east / west

Water depth (metres)

Species or species group

Description (visual sighting only)

Bearing to animal

Range of animal (metres)

Total number

Number of adults (visual sightings only)

Number of juveniles (visual sightings only)

Number of calves (visual sightings only)

Photograph taken

Behaviour (visual sightings only)

Direction of travel (relative to ship / platform)

Direction of travel (compass points)

Source activity when animals first detected (not active, ADD, scare charge,
detonation, misfire)

Source activity when animals last detected (not active, ADD, scare charge,
detonation, misfire)

Time animals entered the mitigation zone (if relevant) (UTC)

Time animals left the mitigation zone (if relevant) (UTC)

Closest distance of animals from detonation site (metres)

Time of closest approach (UTC)

First observed distance during ADD / scare charge use (if relevant) (metres)
Closest observed distance during ADD / scare charge use (if relevant) (metres)
Last observed distance during ADD / scare charge use (if relevant) (metres)
What action was taken?

Estimated loss of production (if relevant) due to mitigating actions (minutes)
Comments
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Appendix 3 - Scientific names of species mentioned in the

text

Harbour seal

Grey seal

Humpback whale
Minke whale
Long-finned pilot whale
Killer whale

Bottlenose dolphin
White-beaked dolphin
Long-beaked common dolphin
Harbour porpoise
Sprat

Pollock

Saithe

Whiting

Poor Cod

Pout

Mackerel

Garfish

John Dory

Guillemot

71

Phoca vitulina

Halichoerus grypus
Megaptera novaeangliae
Balaenoptera acutorostrata
Globicephala melas
Orcinus orca

Tursiops truncatus
Lagenorhynchus albirostris
Delphinus capensis
Phocoena phocoena
Sprattus sprattus
Pollachius pollachius
Pollachius virens
Merlangius merlangus
Trisopterus minutus
Trisopterus luscus
Scomber scombrus
Belone belone

Zeus faber

Uria aalge



Appendix 4 - Glossary

Acoustic deterrent device (ADD): A device that emits a noise, usually medium to high
frequency, with the purpose of deterring animals from a specific hazard / area. The acoustic
characteristics of each device differ in terms of the sound levels produced, frequency range,
temporal pattern / duty cycle, and harmonics.

Cetacean: The group of marine mammals comprising the whales, dolphins and porpoises.
Dedicated MMO: Person dedicated to the role of MMO and not any other job on board.

Delphinid: Cetaceans of the family Delphinidae, a subdivision of the odontocetes which in
north-west European waters includes the dolphins, long-finned pilot whales and killer
whales.

Effort: Number of hours of visual or acoustic monitoring.

Full power: Operating the acoustic source at its full operational level, reached at the end of
a soft start.

Impulsive (or pulsed) sounds Impulsive sounds are typically brief, have a rapid rise time
and cover a wide frequency range. Examples include sounds from seismic airguns, impact
piling, sonar, etc. Pulses may be single (e.g. single firing of an airgun) or multiple (e.g.
repeated airgun firing or repeated pile strikes).

Joint Nature Conservation Committee (JNCC) The public body that advises the UK
Government and devolved administrations on UK-wide and international nature
conservation.

Lunge-feeding (or lunging): A method of feeding used by some baleen whales where they
lunge forwards with mouths open engulfing a large volume of water and any prey species
contained therein are sieved from the water using the baleen plates.

Marine European Protected Species: Marine species in Annex 1V(a) of the EC Habitats
Directive that occur naturally in the waters of the United Kingdom; these consist of several
species of cetaceans (whales, dolphins and porpoises), turtles and the Atlantic sturgeon.

Marine Mammal Mitigation Plan (MMMP): A document detailing the proposed marine
mammal monitoring and mitigation procedures to be implemented in a project.

Marine Mammal Observer (MMO): Person who will monitor the presence of marine
mammals visually and will provide advice to enable compliance with the JINCC guidelines.

Milling: Behaviour where marine mammals continue to surface in the same general vicinity.
Mitigation zone: The area where an MMO or PAM operator keeps watch for marine
mammals (and delays the start of activity should any marine mammals be detected);
currently the area within 1,000 m of the detonation site.

Mysticete: Cetaceans belonging to the suborder Mysticeti, also known as baleen whales.
Mysticetes lack teeth but have baleen plates; they have two external blowholes. Mysticetes
in north-west European waters include the blue whale, fin whale, sei whale, humpback whale
and minke whale.

Net Explosive Quantity (NEQ): The total mass of the contained explosive substances.
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Non-parametric statistical test: A statistical test that is appropriate where the underlying
data are not normally distributed.

Odontocete: The suborder of cetaceans including the toothed whales and dolphins, which
possess teeth and have a single external blowhole; odontocetes in north-west European
waters include the sperm whale, beaked whales, killer whale, long-finned pilot whale,
dolphins and harbour porpoise.

PAM operator: Person who operates PAM equipment to monitor the presence of marine
mammals acoustically and will provide advice to enable compliance with the INCC
guidelines.

Passive Acoustic Monitoring (PAM): Listening for marine mammal vocalisations using
hydrophones deployed in the water linked to specialist software.

Permanent Threshold Shift (PTS): A permanent shift in the auditory threshold. It may
occur suddenly or develop gradually over time. A permanent threshold shift results in
permanent hearing loss.

Pinniped: The group of marine mammals comprising the seals, fur seals, sea lions and the
walrus.

Post-detonation search: Search after a detonation for any evidence of impacts on marine
life e.qg. fish Kills.

Pre-detonation search: Search for marine mammals prior to commencing detonations.

Rorqual whale: Baleen whale of the family Balaenopteridae, all possessing many
longitudinal throat grooves that allow expansion of the mouth cavity when feeding.

Scare charge(s): One or more small charges detonated prior to the main detonation to act
as a warning and deter marine mammals from the vicinity.

Soft start (or ramp up): Process whereby the power of an acoustic source is built up slowly
from a low energy start-up, gradually and systematically increasing the output until full power
is achieved.

Sound exposure level (SEL):is a measure of the pulse energy and is the integral of the
squared sound pressure over a stated time interval (e.g. 1 second). The units used for SEL
are dB re 1 pPa?-s.

Sound pressure level (SPL): is a measure of the sound pressure. It is measured relative to
a reference value; in water this reference value is 1 yPa (it is normally 20 puPa for airborne
sound). The units used for SPL in water are therefore dB re 1 pyPa.

Source: The source of the noise (e.g. an explosive charge or an ADD).

Source level: The pressure level that would be measured at some standard distance
(usually 1 m) from an ideal point source radiating the same amount of sound as the actual
source. TheunitisdBre 1 pPa @ 1 m. In practice, source levels are rarely measured at
the reference distance, but instead are measured at some distance and the estimated
source level calculated by modelling taking account of propagation loss from 1 m to the
actual measurement distance.

Temporary Threshold Shift (TTS): A temporary shift in the auditory threshold. It may occur
suddenly after exposure to high levels of noise and results in temporary hearing loss.
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