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In this chapter, we review how developers
complied with the environmental license
conditions formulated to mitigate the po-
tential negative impacts of pile driving on
marine mammals in the Belgian part of the
North Sea (BPNS), whether this impacted
the timing of development and what the like-
ly consequences were for marine mammals.
Between 2009 and 2020, offshore wind farm
developers in the BPNS complied to a large
extent with those environmental license con-
ditions formulated to mitigate the potential
negative impacts of pile driving on marine
mammals. However, we did identify sever-
al possible improvements to these environ-
mental license conditions, including chang-
es in the use of acoustic deterrent devices,
formalising obligatory mammal surveys,
and requiring developers to comply with the
national threshold for impulsive underwater
sound. The reduction in the costs of applying
noise mitigation measures ensures that these
suggested improvements should not affect
the economic viability of future projects.
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In December 2000, the first offshore
wind farm (OWF) in the North Sea became
operational. It was located 1.6 km off the
coast of Blyth, England and comprised two
2 MW turbines. Since then, offshore wind
in the North Sea has grown with leaps and
bounds, and 20 years later the North Sea
has a total installed capacity of 22 GW. This
growth is expected to accelerate as, in order
to meet the EU objective of reaching net-ze-
ro greenhouse gas emissions by 2050, off-
shore wind capacity in the North Sea should
increase to a total installed capacity of at
least 150 GW in the next thirty years (North
Seas Energy Cooperation 2020). The instal-
lation of wind turbines, electric transform-
er stations and power cables in the marine
environment has a range of environmental
effects which depend among others on the
location, timing and methods of installation
(Lindeboom et al. 2011; Degraer et al. 2013).
Prior to installing a renewable energy pro-
ject in the North Sea, a developer must ob-
tain an environmental permit (see chapter 1



Rumes & Degraer

Table 1. Overview of environmental permit conditions for hydraulic pile driving in the Belgian part of the
North Sea (2004-2015)

Project name Environmental Use of Marine
permit granted  Acoustic mammal
Deterrent  survey prior
Device to pile
driving
“to be used
at least half
an hour No
prior to the
14-04-2004 start of pile
driving”
C-Power
Modified “starting Yes, “half an
25-04-2008 one hour hour prior to
before up the start of
to the start activities”
of pile
driving”
Belwind 20-02-2008 “starting  Yes, “half an
one hour hour prior to
Northwind 19-11-2009 before up the start of
Nobelwind 13-05-2015 to the .start activities”
of pile
Norther 18-01-2012 driving”
Rentel 08-02-2013
07-02-2014 “Stal’ting Yes, “before
(Seastar) half an and during
SeaMade hour before ' pile driving
13-04-2015 up to start activities”
(Mermaid) of pile
driving”
Northwester 2 18-12-2015
Elia MOG 07-07-2014

Seasonal Noise Start pile Pile
pile driving mitigation driving driving
ban from measures events*
January 1 for impact
to April 30" pile driving*
No
No 07-04-2011 54
No, but an
additional cost
applies when
pile driving in
this period
07-09-2009 67
No, but an
additional cost No 07-04-2013 73
applies
16-05-2016 51
06-08-2018 45
SBBC
21-07-2017 43
Yes 08-09-2019 60
DBBC
29-07-2019 24
GABC 04-11-2018 3

* A pile driving event refers to any instance where hydraulic pile driving takes place after a period of at least three hours of no
pile driving. Therefore, the installation of a single turbine foundation can comprise multiple pile driving events. A short descrip-
tion of the noise mitigation measures is provided in the results section.

** All environmental permits also require the developer to use a ‘ramp-up’ or ‘soft start’ procedure at the start of pile driving.
In this case, lower hammer energy levels are used to start the pile driving process, and then the force of pile driving is gradually

increased.

of this report), which includes terms and
conditions intended to minimise and/or
mitigate the impact of the project on the
marine ecosystem. Some of the mitigation
measures formulated to reduce the impact
of OWF construction on marine mammals
are considered onerous by developers as
they increase project cost both directly
(i.e. the cost of the mitigation measures)
and indirectly (by increasing construction
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time; Koschinski & Liidemann 2013). In
addition, there is a discussion as to wheth-
er the benefits of using of an Acoustic
Deterrent Device (ADD) to scare away
marine mammals prior to pile driving
outweigh the negative consequences of
thereby prolonging the introduction of
high levels of underwater sound into the
marine environment (Graham et al. 2019;
Rose et al. 2019). Given that construction
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activities in the first Belgian offshore en-
ergy zone have come to an end, and that
new mitigation measures need to be pre-
pared in anticipation of the licensing of
the second Belgian offshore energy zone
(see chapter 1 in this report), now is a
good time to evaluate those mitigation
measures formulated to reduce the impact
of pile driving on marine mammals.

In this paper we combined data from
developers and regulators to analyse
whether developers complied with the
environmental license conditions formu-
lated to mitigate the potential negative
impacts of pile driving on marine mam-
mals in the Belgian part of the North Sea
(BPNS), how this impacted the timing of
development and what the likely conse-
quences were for marine mammals.
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2.1. Data acquisition and analysis

Using the website of the Scientific Service
Management Unit of the Mathematical
Model of the North Sea (MUMM: https://od-
nature.naturalsciences.be/mumm/en/wind-
farms/), we accessed the environmental per-
mits of the nine wind farms and the offshore
switchyard platform that engaged in pile
driving activities in the BPNS in the peri-
od 2009-2020 (permits granted 2004-2015).
Prior to 2009, no pile driving occurred in the
BPNS. Those terms and conditions in the
environmental permits that were intended to
minimise and/or mitigate the impact of OWF
construction on marine mammals are listed
below (table 1). Initial permit conditions
were aimed at preventing near-field injury to
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Figure 1. Timing and location of pile driving events in the Belgian part of the North Sea (period 2009-

2020, data RBINS).
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individual animals, and included the use of
an acoustic deterrent device (ADD) as well
as a prohibition on starting pile driving if a
marine mammal was observed in the vicinity
of the construction zone. Progressive insight
in the potential population consequences of
far-field behavioural disturbance resulting
from exposure to excessive levels of impul-
sive underwater sound led to the formulation
of further permit conditions. These included
a seasonal pile driving ban from January 1%
to April 30", and an obligation to use noise
mitigation measures that limit the transmis-
sion of noise pollution to the marine envi-
ronment. All permits also included an obli-
gation to use a soft start or ramp up method,
whereby a pile is initially driven with low
hammer energy which is gradually increased
with increasing soil penetration. Since a soft
start is an operational necessity for pile driv-
ing, we don’t consider it as a real mitigation
measure for the purposes of this paper.

Compliance of the developer with these
conditions was checked based on the infor-
mation provided by the developer in the daily
reports on piling activities and confirmed by
the aerial surveillance program as well as the
environmental monitoring conducted, both
coordinated by the Operational Directorate
Natural Environment of the Royal Belgian
Institute of Natural Sciences. The timing and
location of pile driving events in the BPNS
are shown in fig. 1.

The interim Population Consequences
of Disturbance (iPCOD) model was devel-
oped to assess the potential effects of an-
thropogenic noise, associated with offshore
renewable energy developments, on har-
bour porpoise populations (Harwood et al.
2013; Nabe-Nielsen & Harwood 2016). In
this model population dynamics are simulat-
ed based on the birth and average survival
rates of harbour porpoises in the North Sea,
derived from expert elicitation (Booth et al.
2019; Sinclair et al. 2019). In this report, we
used the latest update of the iPCOD model
(version 5.2 —released on 2 October 2019) to
compare the consequences of the realised pile
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driving activities in the BPNS (2009-2019)
on a local population of harbour porpoise
under three scenarios’: without any mitiga-
tion measures (no mitigation), a second sce-
nario with the applied mitigation measures
(as-it-happened) accounting for the applied
mitigation measures, and accounting for the
observed reductions in underwater sound (as
reported in Norro 2018, 2019 and this report),
and a final scenario (optimal configuration)
in which the most successful combination
of mitigation measures (as applied for NW2
in 2019; Norro, this volume) is assumed for
all OWF construction in the BPNS. For an
overview of the input parameters, and un-
derlying assumptions used in these scenar-
i0s’: see Rumes & Debusschere (2018). In
theory each pile driving event could lead to
two residual days of disturbance as the re-
duction of detection rates has been observed
starting one day before and up to two days
after pile driving (Brandt et al. 2016; Rumes
et al. 2017). However, given the nature of
the actual piling calendars — with piling ac-
tivities often taking place less than 24 h after
the previous event — it was decided that each
day with pile driving could lead to only one
residual day of disturbance. Every scenario
was simulated 1000 times.

Statistical analyses and coding were
performed in the Rstudio environment un-
der R version 4.0.0. Plots were generated in
Rstudio using both the lattice and ggplot2
packages.

3.1. Compliance

3.1.1. Use of Acoustic Deterrent Device

Seal scarers were originally designed to de-
ter seals from fishing gear and aquaculture
installations to avoid depredation on fish. In
the context of OWF construction, they can be
referred to as both acoustic deterrent devic-
es (ADDs) and acoustic harassment devices
(AHDs). ADDs transmit short sounds in a
frequency range of 10-40 kHz (most often
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Figure 2. Lofitech Acoustic Deterrent Device of the type used during the construction of the Belwind
wind farm. The figure shows the control unit (left) and transducer (on the right). The control unit contains
a pulse generator and an amplifier and transmits random bursts of audio frequency signals to the transdu-
cer, where they are converted into intense sound (from www.seiche.com).
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Figure 3. Timing of ADD activation relative to the start of hydraulic pile driving.

with main energy at 10-14 kHz). The length
of pulses and intervals between them are of-
ten randomised to decrease the potential for
animals habituating to the sounds, so that
aversion effects can be maintained over time
(Hermannsen et al. 2015). In compliance
with their environmental permit, all develop-
ers reported on the use of ADDs prior to the
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start of pile driving. The devices used were
approved by MUMM prior to deployment.
Most projects used a LofiTech Seal scar-
er which operates at a frequency of 14 kHz
(fig. 2). For the Norther project a FaunaGuard
was used which operates at frequencies of
60-150 kHz and is designed to deter harbour
porpoises. The different sounds are based on
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the hearing range and sensitivity of this spe-
cies (frequency spectrum) and the reaction
threshold levels, based on known literature
and extensive behavioural response experi-
ments (Van der Meij ef al. 2015). As stipu-
lated in the permit conditions, the ADDs had
a source level of 170 to 195 dB__re 1 pPa.
In practice, ADDs were often activated well
before pile driving started and they were
used for a much longer period than anticipat-
ed (fig. 3, data on ADD activation was not
available for the Belwind project). In some
extreme cases, this was due to technical dif-
ficulties preventing the start of hydraulic pile
driving. On average ADD deployment lasted
for 134 minutes (SD: 109 minutes). In only
two instances the ADD was not used. In a
few instances, the ADD was only turned off
hours after pile driving was ended resulting
in a significant prolongation of the period of
acoustic disturbance.

3.1.2. Marine mammal survey prior
fo pile driving

Based on the daily reports provided by the
developers, a watchman conducted a marine
mammal survey prior to pile driving whe-
never this was possible (daylight hours).
No marine mammals were observed by the
watchmen nor was any mortality of animals
(fish, seabirds, squids, or marine mammals)
reported. As a consequence, at no point was
pile driving delayed due to the presence of
marine mammals in the vicinity of the pile
driving platform.

3.1.3. Seasonal pile driving ban
from January 1 fo April 30"

As of 2013, the environmental permit of new
projects included a seasonal ban on hydraulic
pile driving in Belgian waters from January
1** to April 30" in order to avoid the period
with consistently highest local harbour por-
poise densities. This was respected by all
projects, except for the Seamade project that
installed its last two turbine foundations on
January 1% and 2" 2020 after obtaining a
derogation from the Minister.
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3.1.4. Noise mitigation measures
forimpact pile driving

Concern over the high levels of underwa-
ter noise being generated during pile dri-
ving operations for the building of the
first OWFs (Norro ef al. 2010, 2013) and
the observed large scale avoidance of the
construction zone by porpoises (Haelters
et al. 2010) has led to the formulation of
a threshold for impulsive underwater sound
in the BNS at 185 dB re 1 pPa (Sound
Pressure Level, zero to peak) at 750 m
from the source (Anonymous 2012). In
compliance with their environmental per-
mits, since 2017, all subsequent projects
have used various types of noise mitigation
measures (see table 1) with varying levels
of success (Norro 2018, 2019; chapter 2
in this report). These included single big
(SBBC), double big (DBBC) and grout an-
nulus bubble curtains (GABC). A bubble
curtain is formed around a pile by freely ri-
sing bubbles created by compressed air in-
jected into the water through a ring of per-
forated pipes encircling the pile. A SBBC
is a ring of perforated pipes positioned on
the sea floor around the foundation to be
piled. Compressors located on the construc-
tion vessel or on a platform feed air into
the pipe. The air passes into the water co-
lumn by regularly arranged holes. Freely
rising bubbles form a large curtain around
the entire structure, even in tidal condi-
tions, thus shielding the environment from
the noise source (Koschinski & Liidemann
2013). DBBCs add a second of ring of per-
forated pipes around a BBC. The GABC is
generated by blowing air into the annulus
between the skirt sleeve and pin pile of the
jacket foundation. Within the annulus, the
air bubbles are protected from the current
resulting in a stable air-water mixture that
acts as an impedance barrier to the pres-
sure waves generated by the pile during
each hammer strike. At the top of the annu-
lus, about 10 m above seabed, the bubbles
drift out and are subjected to the current,
carrying them away from the pile (Lippert
et al. 2017).
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3.2. Effects of mitigation measures
on offshore wind farm construction

Since all projects are different in ways that
influence the speed of construction (foun-
dation type, soil conditions, weather condi-
tions in the year of installation...) we limited
ourselves here to a rough comparison of the
average installation time per foundation
(installation period divided by the number of
installed foundations) for projects with and
without noise mitigation measures (table 2).
The ELIA MOG project and Belwind Alstom
demo turbine could not be included in this
comparison as these required the installation
of only a single foundation eliminating the
need to move the construction vessel and
set up noise mitigation measures. Based on
the available data, there is no indication that
the need for noise mitigation increased ins-
tallation time for offshore wind projects in
the BPNS. In recent years, the overall time
needed to install a project’s foundations has
decreased as fewer, larger turbines are being
installed (table 2).

3.3. Population consequences of mitigation
for marine mammals

The mean porpoise population decline at the
end of the OWF construction period excee-
ded 1.5% for both the scenario without any

mitigation measures as well as the scenario
accounting for the applied mitigation mea-
sures (fig. 4). For the scenario in which the
most successful combination of mitigation
measures is assumed for all OWF construc-
tion in the BPNS, mean porpoise population
decline at the end of the construction period
was only 0.1% (table 3). More importantly,
relative differences between the scenarios
indicate that the applied mitigation measures
reduced mean porpoise population decline at
the end of the OWF construction period by
50%, and that currently available mitigation
measures would have reduced porpoise po-
pulation decline by 97%.

4.1. Compliance

4.1.1. Optimising the use
of acoustic deferrent devices

ADDs have been widely used during the
construction of OWFs in the North Sea in
order to make sure that marine mammals
vacate the immediate vicinity of construc-
tion sites prior to the start of pile driving
and thereby avoid near-field injury (JNCC
2010; Hermannsen et al. 2015; Brandt et al.
2016). Yet, there is increasing evidence that
the use of ADDs can cause a prolonged

Table 2. Installation time for offshore wind projects in the Belgian part of the North Sea

Project Foundations Start End Noise Construction Days needed
installation  installation = mitigation period (days) per foundation
Belwind 56 07/09/2009 04/02/2010 None 150 2.7
C-Power 49 04/04/2011 | 21/08/2011 None 139 2.8
Northwind 73 07/04/2013 09/09/2013 None 155 2.1
Nobelwind 51 16/05/2016 22/09/2016 None 129 2.5
Average 57.3 143.3 2.54
Rentel 43 21/07/2017 23/09/2017 BBC 64 1.5
Norther 45 06/08/2018 12/11/2018 BBC 98 2.2
Northwester 2 24 29/07/2019 13/11/2019 DBBC 107 4.5
Seamade 60 08/09/2019 02/01/2020 DBBC 116 1.9
Average 43.0 96.3 2.52

BBC: Big Bubble Curtain. DBBC: Double Big Bubble Curtain.
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Table 3. Overview of the outcome of the three scenarios’ simulated with the iPCOD model, showing the
mean decrease (%) in porpoise population size at six (end of the first phase of constructions), twelve (end
of the second phase of constructions), and twenty-five (end of the simulation) years after the start of the
piling calendar

Mean decline in porpoise population* after Reduction compared
Scenario 6 years 12 years 25 years to ‘No mitigation’
1. No mitigation 1.81 3.75 3.42 -
2. As-it-happened 0.92 1.88 1.73 50%
3. Optimal configuration 0.04 0.11 0.09 97%

* as compared to an unimpacted population

16000 1 —— Un-impacted mean

Simulated outcome
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— Impacted mean
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Figure 4. Line plots showing the mean population trajectories and the 1000 simulated populations for
the un-impacted population (blue), the impacted population (red), both overlain for scenario 2 with the
actually applied mitigation measures showing a decrease in mean porpoise population size of 1.73% after
25 years.
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introduction of high levels of underwater
sound into the wider marine environment
which may have far-field disturbance effects
(Brandt et al. 2013; Graham et al. 2019;
Rose et al. 2019). The environmental per-
mits include clear guidance on ADD use in
order to limit prolonged introduction of high
levels of underwater sound: ADDs are to
start an hour (permits up to 2012) or half an
hour (permits since 2013) before the start of
pile driving and are to be shut down when
pile driving starts. Even accounting for occa-
sional technical difficulties, for the projects
in the BPNS, ADDs were too often turned
on too soon and left on longer than needed.
It is recommended that for future projects,
the timing of any use of ADDs is monitored
closely during the construction period al-
lowing for immediate remedial actions. It
has also been suggested to use a substantial-
ly less powerful pinger as an initial deterrent
prior to the use of the ADD (Skjellerup et al.
2014). Such a pinger could potentially re-
place the ADD altogether, as both increased
vessel noise (Dyndo et al. 2015) and the
constant use of sonar by large vessels in the
construction zone are likely to have already
deterred most nearby porpoises (Rose et al.
2019).

4.1.2. Formalising obligatory marine mammal
surveys prior fo pile driving

Passive acoustic monitoring has shown
that there are still porpoises present in the
construction zone during foundation instal-
lation (Rumes et al. 2017). To avoid injuring
these animals, pile driving activities cannot
commence and must be stopped when a ma-
rine mammal is observed at less than 500
m from the construction vessel. The envi-
ronmental permit requirement to conduct a
marine mammal survey prior to pile driving
was inspired by the statutory nature conser-
vation agency protocol for minimising the
risk of injury to marine mammals from piling
noise (JNCC 2010). However, in contrast to
the aforementioned protocol, it was not re-
quired that this survey was conducted by an
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appropriately trained marine mammal ob-
server (MMO), which may explain why not
a single marine mammal was observed du-
ring these surveys in the past ten years. For
the next project, it is worth having a trained
MMO on board conducting regular visual
marine mammal surveys and evaluating how
this influences detections. In addition to ob-
server training, there are several factors that
likely contributed to the fact that no marine
mammals were observed, including those
that influence both visibility (pile driving at
night and during low visibility) and availabi-
lity (avoidance of work zone due to high ves-
sel activity, low seasonal porpoise densities).

4.1.3. Seasonal pile driving ban
from January 1¢ fo April 30™

There is a long history of regulatory agen-
cies using seasonal restrictions on activi-
ties to avoid harming marine mammal po-
pulations (Richardson 1995). In the North
Sea, the Dutch authorities initially banned
pile driving for offshore wind farms from
January 1% to July 1% (Arends et al. 2009),
and later moved to a dynamic underwater
sound threshold (MEZ 2015). In the BPNS,
a seasonal ban on hydraulic pile driving in
Belgian waters from January 1% to April 30"
has been enforced since 2016. Overall com-
pliance with the seasonal pile driving ban
has been very good with (almost) no pile
driving taking place in this period of highest
local porpoise densities.

4.1.4. Efficient noise mitigation measures
are likely to reduce the impact of pile driving

From 2017 onwards, underwater noise mi-
tigation measures were used during pile
driving. Unfortunately, there was a lower
than expected performance of the SBBC,
which is likely due to local hydrodynamic
conditions and/or sub-optimal use of the
equipment (Norro 2018, 2019). As a result,
most projects routinely exceed the national
threshold on impulsive underwater sound
set at 185 dB re 1 pPa (sound pressure
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level, zero to peak; SPLZ_p) at 750 m from
the source (Anonymous 2012). For the last
two projects, which used DBBC, the in situ
measured SPL__ mostly remained below the
national threshold (Norro, chapter 2 in this
volume) showing that it is possible to ade-
quately reduce the amount of underwater
noise being introduced into the marine en-
vironment by using a combination of noise
mitigation measures. It is recommended that
future projects only be allowed to continue
construction after they have demonstrated
their ability to comply with national un-
derwater sound regulations using data from
the first few pile driving events. Such a regu-
lation is already enforced in two other North
Sea countries: Germany (Anonymous 2017)
and the Netherlands (MEZ 2015). If these
noise mitigation measures result in a mea-
ningful reduction of porpoise displacement
range and duration, then it could be conside-
red eliminating the need for a seasonal pile
driving ban.

4.2. Effects of mitigation measures
on offshore wind farm construction

Noise mitigation measures during pile dri-
ving are intended to benefit the marine en-
vironment but should not threaten the re-
newable energy goals by impacting the
project’s viability. The direct costs of ap-
plying noise mitigation measures during pile
driving currently are less than € 5Sm (~0.5%
of the construction cost) for an 80 turbine
OWF-project (Verfuss et al. 2019). This is
much lower than the costs in 2011 to 2014,
which ranged from € 15m to € 36m for an
equally sized OWF (Philipp 2018). Indirect
costs associated with the use of noise mitiga-
tion measures are assumed to result from pro-
longed installation schedules and an overall
increase in complexity and risk (Verfuss et al.
2019). Experiences in the BPNS suggest that
the use of noise mitigation did not increase
installation time for offshore wind projects.
This is likely since SBBCs and DBBCs were
used, which can be deployed independently
from the installation vessel (Koschinski &
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Lidemann 2013). This is in line with re-
sults from Germany, where despite a strict
noise threshold, wind farm construction has
proceeded at pace, even with declining go-
vernment subsidies (Andresen 2017). This
indicates that although the economic cost
of compliance with the underwater noise
regulations may affect the profitability of
offshore wind farms, they have not affected
their economic viability (Merchant 2019).

4.3. Population consequences of mitigation
for marine mammals

We used the interim  Population
Consequences of Disturbance model
(iPCOD) to simulate how different ap-
proaches to noise mitigation during pile
driving for offshore construction can im-
pact a harbour porpoise population over a
period of 25 years and found that currently
available mitigation technologies can avoid
97% of the porpoise population decline
anticipated under a ‘no mitigation’ scena-
rio. Applied mitigation measures are assu-
med to work in two ways: by reducing the
animals experiencing permanent threshold
shift through the use of acoustic deterrent
devices, and by reducing the number of
animals disturbed by impulsive sound by
limiting the transmission of sound waves.
For similar projects, differences in the
configuration and nature of noise mitiga-
tion measures resulted in major changes in
the size of the area impacted by high levels
of impulsive sound (see Norro, chapter 2
of this volume). An optimal configuration
of mitigation measures will thus reduce
the number of porpoises that are being dis-
turbed by an order of magnitude. However,
the assumptions made about the effect of
noise mitigation on the (spatial and tempo-
ral) magnitude of porpoise disturbance are
possibly overly optimistic. In their study
of German OWF construction, Rose et al.
(2019) could not demonstrate a further re-
duction in displacement of porpoises during
construction, despite a considerable impro-
vement in noise-mitigation systems used.
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optimisation in the use of acoustic deterrent
devices, formalising obligatory marine
mammal surveys, and requiring developers
to comply with the national threshold for im-
pulsive underwater sound. A reduction in the

Between 2009 and 2020, OWF developers in
the BPNS largely complied with the national
environmental license conditions formulated

to mitigate the potential negative impacts of costs of applying noise mitigation measures
pile driving on marine mammals. We have ensures that the suggested improvements
identified possible improvements to these should not affect the economic viability of
environmental license conditions, including future projects.
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