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1 Follow-up workshop I
Preceded by the workshop in May 2014 on behalf of TKI offshore Wind, a follow-up workshop
concerning the regulation and mitigation of underwater noise caused by pile driving was held on
November 12th, 2014.
This workshop focused on noise regulation and (the feasibility of) mitigation measures. These
matters were discussed with representatives of Rijkswaterstaat (RWS), the Dutch national executive
body concerning the regulation and control of piling activities on the North Sea. This report will give
a brief overview of the findings and discussions. Details of the presentations are not given in this
report but can be found in the slides in the appendix.

1.1

Introductory presentation by Pondera Consult (slides appendix 1)

The aim of the workshop is to discuss and advise RWS on the view of the stakeholders on different
methods of noise regulations. A new framework for the assessment of underwater noise will be
presented by RWS and the TNO institute, who are developing this framework in collaboration with
HWE.

1.2

Presentation by Aylin Erkman – Rijkswaterstaat (slides appendix 2)

The presentation lists the current status of and the developments and goals for the legal framework
for piling noise. How can the impact of underwater noise on marine life be assessed properly, and
what are possible legal noise mitigation measures?
One of the questions to Aylin: is there proof of animals killed by piling noise?
A: No, and expectation is that these cases are rare. Important is the effect of noise on a population –
disturbance from areas that are important for example for food or mating can lead to increase of
deaths and decrease of birth rates and thus to a decrease of the population.
Q: What are known effects on fish larvae?
A: Recent studies on larvae of 3 species show little or no deaths. However there is concern on the
development of larvae and juveniles. For fish though no (seasonal) restrictions might be needed,
only for sea mammals, of which the focus is on harbour porpoises.

1.3

Presentation by Christ de Jong – TNO (slides appendix 3)

A new calculation model is presented in which the number of individually disturbed porpoises is
linked to specific piling activities. The model is based on a state of the art noise propagation model
and the new PCoD model (Population Consequences of Disturbance) and it is in the early stages of
development. Only a few weeks of actual calculating have been done. First results have a high
degree of uncertainty. Major assumptions had to be done, for example on the effect of disturbance
on vital rates and the after-effect when the noise stops.
Preliminary but important conclusion is that the Porpoise population development seems linearly
proportional with the total number of “porpoise disturbance days (PDD)”, being the number of
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disturbed animals per project per day times the duration of the disturbance each day times the total
number of project days. Suggestion is that a limit on PDD could be used as a legal limitation (in a
permit), instead of for example a limit to the maximum noise emission (German method) or seasonal
limitation (Dutch current method). Using PDD could result in more flexibility for the industry when
planning projects compared to the current German or Dutch method.
A more detailed report is due end 2014/ beginning 2015. This report will include an overview of
assumptions, uncertainties and current gaps in knowledge. One of the assumptions in the
calculations (for example) is that the noise level on the seabed should be used in the model even
though this is considerably higher than the level near the surface. This is done because it is
considered worst case and it is also assumed that the animals cannot avoid being regularly on the
seabed for example to collect food.
Q: Is it likely that the impact of unmitigated piling noise will have an unacceptable effect on a
population level?
A: (RWS) – yes, especially when cumulating with the effects of piling of other wind farms in the same
period!
Remark from the audience: it is important to keep in mind/ investigate the effect of piling noise
compared to that of existing activities like seismic surveys and military explosions. Otherwise only
regulation on piling noise might be strict without real benefits for marine life.
In Germany, the legal threshold is set on 160 dB SEL at 750 meter. This level is very hard to achieve
in practice (especially with increasingly bigger monopiles). Also, proper prediction of noise levels,
both with and without mitigation is very hard in practice. There is no direct feedback of the sound
levels during the piling activity (it takes up to 24 hours to get the monitoring results) and it is hard to
pin-point the causes for not meeting the threshold.
Vibrating could be an alternative (and makes a big difference in impact on animals) but to meet
standards the last length of a monopile needs to be driven in to get certification of the pile stability.
However it is questionable whether that is really needed for a stable pile. On the other hand there
will always be individual piles that need to be driven because of location-specific
seabed conditions. Suggestion is to drive only the piles that really can’t be vibrated, and not use
noise mitigation for those.

1.4

Presentation by Eva Philipp – Vattenfall (slides appendix 4)

In Germany, the legal threshold is set on 160 dB SEL at 750 meter. This level is very hard to achieve
in practice (especially with increasingly bigger monopiles). Also, proper prediction of noise levels,
both with and without mitigation is very hard in practice. There is no direct feedback of the sound
levels during the piling activity (it takes up to 24 hours to get the monitoring results) and it is hard to
pin-point the causes for not meeting the threshold.
Vibrating could be an alternative (and makes a big difference in impact on animals) but to meet
standards the last length of a monopile needs to be driven in to get certification of the pile stability.
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However it is questionable whether that is really needed for a stable pile. On the other hand there
will always be individual piles that need to be driven because of location-specific
seabed conditions. Suggestion is to drive only the piles that really can’t be vibrated, and not use
noise mitigation for those.

2 Discussion
In answering to what is preferable, a seasonal restriction (Dutch practice) or a maximum noise
threshold (German practice), different opinions were expressed:
Maximum noise threshold is OK as long as the level is “reasonable” (well substantiated for mitigating
real effects on sea mammals). Although prediction of the established noise levels with mitigation
measures is very difficult in practice.
Impact of seasonal limitations on planning are more clear – but the weather conditions can have big
negative impacts on such a fixed time schedule.
RWS: it has to be considered that there will be more and more projects and the increase of projects
will last for many years to come. The use of PDD as a legal limitation could be a new way of
regulating underwater noise.
Discussion: it seems too unclear (at least for now) how tight a PDD ‘budget’ (maximum number of
‘disturbance days’) would be. Also important is how flexible this budget and its threshold would be
treated. To accept PDD it would need a clear model to calculate them, a clear threshold and it should
be clearly substantiated and accepted that crossing the limit does lead to unacceptable effects on
wildlife. Once cleared and proven, it is certainly considered beneficial if this framework increases the
flexibility of the developer in planning the construction.
RWS suggests starting with lower levels in mitigation and increasing it over the years to
accommodate for improvement of mitigation methods over time, however the possibility for this
will depend on the allowable impact on wildlife. Suggestion: rank the effect of different mitigation
methods by wildlife effect. Needed is a translation from PDD into restrictions for a specific site like
maximum noise levels and seasonal restrictions.
As an alternative restriction is the “British method” mentioned, where the latest available technique
has to be used at the time of the project.
RWS: Beneficial effects on wildlife of wind farms after construction are small compared to the
negative impacts during construction – this – among other effects – can be seen when the areas of
influence are compared; the area of influence during pile driving outreaches the area of beneficial
influence during operation multiple times.
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3 Conclusions


All participants are interested in the TNO-model and PDD as a method for the assessment of
underwater piling noise.



Even though the participants were interested in the TNO-model, critical remarks and concerns
about the shortcomings of the model/the interim PCoD framework were also expressed;
hereunder the apparent very conservative estimates of populations and their
dynamics/development.



A proper ‘judgement’ of the model is not possible yet without more detailed information on the
model and its assumptions.



Participants suggest a follow-up workshop when the model is further developed, before
Rijkswaterstaat (RWS) draws conclusions on the application of PDD in the legal assessment
framework.



Considering the time schedule of RWS, the best time for such a follow-up workshop is expected
to be January/February 2015.



Participants of this follow-up workshop need the latest findings on the model as well as the
preliminary conclusions of RWS based on these, before this follow-up, so participants can
prepare their responses well.
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App.1 Introductory presentation by Pondera Consult
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Follow-Up Workshop
‘regulation and mitigation of
underwater noise caused by
pile driving’
12th November 2014

Program
Time

Subject

9.00 – 9.30

Check-in

9.30 – 9.45

Welcome

9.45 – 10.45

Presentation Rijkswaterstaat & TNO on the assessment of
the risks of underwater noise and current developments
concerning regulation and mitigation

10.45 – 11.00

Coffee break

11.00 – 12.30

Plenary discussion

12.30 – 13.30

Lunch

13.30 – 14.00

Presentations on new (international) findings

14.00 – 15.00

Plenary discussion

15.00 – 15.30

Coffee break

15.30 – 16.30

Wrap up

16.30 – 17.00

Closing statement

Workshop objectives
The objectives of this follow-up workshop are;
• Presenting the current status of an assessment framework on
underwater noise and cumulation. This framework is being set
up by Rijkswaterstaat in collaboration with several parties and is
to be implemented in the ‘kavelbesluit’ (Plot decree) for new
wind farms.
• Presenting international examples and lessons learned on
monitoring and mitigation of under water noise.
• Discuss the impact, feasibility and effectiveness of regulations
and measures with ecologists, offshore wind energy sector and
Rijkswaterstaat in order to formulate an advise concerning the
most suitable policies.

Questions
1.

Regarding the effects of underwater noise; what effects need to
be considered and how can be determined when effects are
significant? And what will this imply in a cumulative
perspective?

2.

What do you think are effective standards in which both the
offshore wind developments and the effects on sea mammals
are respected?

3.

Rijkswaterstaat is preparing new regulations for offshore wind.
What options concerning the effects of underwater noise would
you prefer for construction: seasonal restrictions or a maximum
noise limits?

Potential mitigation measures
Spatial planning
• Possible wind farm locations are already selected
Temporal planning
• Seasonal restrictions for piling activities
• Simultaneous piling at multiple locations
Noise reduction
• The industry has expressed a preference for a noise limit over
prescribed reduction measures
• Practical solutions are available that can comply with German
legislation (at 750 m from pile SELSS  160 dB re 1 Pa2s)

Discussion
• Are the assumptions for the scenarios right?
• How do wind farm developers feel about mitigation methods?
• What is your policy with the relationship between flexibility versus
worst case determination - requirements? Maximizing flexibility with
strict rules or limiting the flexibility and have more flexible rules?

WO RK S HOP I I U NDE RW A TER NO I SE
App.2 Presentation by Aylin Erkman – Rijkswaterstaat
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Framework Ecology and
Cumulation

Legal background
In accordance with European directive 2009/28/EG, the Netherlands
need to ensure that in 2020 at least 14% of its energy is derived from
sustainable sources.
As a result the Energy agreement for
sustainable growth (SER akkoord) was
established. One of the decisions:
4.450 MW at sea in 2023
Result: an additional 10 large windfarms!

Rijkswaterstaat
Windenergie op zee

Wind Energy at Sea Act
Current legislation is not conducive to the swift realization of wind
energy at sea. To rectify this, the Wind Energy at Sea Act was proposed.
The goal of the act is the quick and efficient realization of the 4.450 MW
wind energy at sea in 2023 as agreed upon in the Energy agreement.
The act introduces “plot decrees” as a new tool.

Rijkswaterstaat
Windenergie op zee

Plot decrees
Not the Wind Energy at Sea Act itself but the plot decree will prescribe
where and under what conditions the wind farm may be built.
Wind farms may only be built on locations designated in the National
Water Plan (2009-2015):
• Designated areas: Borssele and IJmuiden-Ver
• Designated search areas: Hollandse Kust and North of the Wadden
Islands
The assessment for the effects on nature (Habitat and Birds Directive)
will be integrated in the plot decrees.

A permit will give a party the right to build a wind farm on a specific
plot.
Rijkswaterstaat
Windenergie op zee

Framework Ecology and Cumulation (KEC)

A Strategic Environmental Assessment was
made for the construction and exploitation
of these 10 additional wind farms.
Recommendation from the Dutch
Commission for Environmental
Assessment: “Further research on
(cumulative) effects of wind farms on birds
and marine life is necessary for the
implementation of Offshore Wind Farms at a
project level.”
Rijkswaterstaat
Windenergie op zee

Goals of the Framework Ecology and Cumulation
1. Energy agreement – understanding and evaluating cumulative
effects for implementation of the Energy Agreement
2. Framework Offshore Wind Farms – methodology for determining
cumulative effects of offshore wind
3. Generic framework - methodology for determining cumulative effects
Assessment for sea mammals (underwater noise), birds and bats.
The Framework will obtain official status in the
second version of the National Water Plan,
which will come into force in the beginning of
2016.

Rijkswaterstaat
Windenergie op zee

Subdivision of goals
Specific to Energy Agreement
• Understanding cumulative effects - strategic advice
Specific to the Framework Offshore Wind Farms:
• How to assess cumulative environmental effects ( initial focus on
priority species-effect combinations)?
• How to define maximum level of effects (in cumulation)?
• What are the options for mitigation?

Rijkswaterstaat
Windenergie op zee

Relation plot decrees and the Framework
The Framework will provide:
• Understanding of the cumulative effects of implementation of wind
energy at sea as stated in the Energy agreement - strategic advice
•

Evaluation of expected effectivity of mitigation measures

•

Advice regarding regulations for plot decrees (on ecology)

•

Overview of knowledge gaps - foundation for monitoring on plot
decrees

Rijkswaterstaat
Windenergie op zee

Generic Framework
Specific to the Generic Framework:
•

Consultations with research institutes and consultancies: problems &
recommendations

Ambitions for 2015 and onwards:
•
•
•

Coordination with neighbouring countries (North Sea wide?)
Take into account MSFD indicators (when sufficiently developed)
Expansion with more activities (sand-extraction, fisheries, ...?) including
assessment of effects

Rijkswaterstaat
Windenergie op zee

Generic framework: consultations
6 parties interviewed (oct. 2014)
•
•
•

Time & money
‘No sanctions’
Information
o No clear scope:
- Ecological vs. legal, Geographical, Time, Activities, Species
o Lack of overview of effects of other initiatives
o Knowledge gaps
- Doses-effect relations
- How to define maximum acceptable level of effects

Rijkswaterstaat
Windenergie op zee

Consultations
Recommendations
•

Develop a structured method in which clear scoping criteria are given

•

Cumulation-administration: a good registration of activities

•

Solve knowledge gaps with research/monitoring
– Population dynamics & models  Maximum acceptable levels of
effect

•

Designated role for government / competent authority

•

Requirements for process; transparency, living document,
actualization
Rijkswaterstaat
Windenergie op zee

Assessment underwater noise
Assessment of the effects of pile driving on harbour porpoises and seals
•
•

•
•
•
•
•

Development of a methodology for the propagation of underwater
noise and application of that method
Assessing cumulative effects of all wind farms to be developed
according to Energy Agreement – different scenario’s for construction
phase. Inclusion of foreign wind farms
Effects of other sources of underwater noise (seismic surveys)
Determination of the population size of harbour porpoises and
harbour and grey seals (legal and ecological relevant populations)
Determination of population consequences
Determination of acceptable maximum effect level (incl. PCOD)
Effect-evaluation
Rijkswaterstaat
Windenergie op zee

Potential mitigation measures
Spatial planning
• Possible wind farm locations are already selected
Temporal planning
• Seasonal restrictions for piling activities
• Simultaneous piling at multiple locations
Noise reduction
• The industry has expressed a preference for a noise limit over
prescribed reduction measures
• Practical solutions are available that can comply with German
legislation (at 750 m from pile SELSS  160 dB re 1 Pa2s)

Rijkswaterstaat
Windenergie op zee

Maximum acceptable level of effects
• ASCOBANS
– Restoring and/or maintaining populations at 80% or more of the
carrying capacity
– Anthropogenic mortality limit of 1,7% or 1%
•

Dutch continental shelf 802 or 472 animals

• Potential Biological Removal based on ASCOBANS goal
•

Dutch continental shelf 272 animals

Rijkswaterstaat
Windenergie op zee

Questions?

Rijkswaterstaat
Windenergie op zee

Discussion
•
•
•

Are the assumptions for the scenarios right?
How do wind farm developers feel about mitigation methods?
What is your policy with the relationship between flexibility versus
worst case determination - requirements? Maximizing flexibility with
strict rules or limiting the flexibility and have more flexible rules?

Rijkswaterstaat
Windenergie op zee
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App.3 Presentation by Christ de Jong – TNO
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Assessment of the risks of underwater noise
due to marine piling and seismic exploration for
marine mammal populations in the North Sea
NL Ministry of Infrastructure and the Environment Expert Group 2014:
Martine Graafland, Suzanne Lubbe, Aylin Erkman, René Dekeling &
Niels Kinneging (NL Ministry of I & E)
Ron Kastelein (SEAMARCO)
Meike Scheidat, Geert Aarts & Steve Geelhoed (IMARES)
Roelant Snoek (ARCADIS)
Martine van Oostveen (RHDHV)
Arjen Boon (DELTARES)
Floor Heinis (HWE)
Lianke te Raa, Sander von Benda-Beckmann & Christ de Jong (TNO)

2
November 12, 2014
CdJ
UWN risk assessment

CONTENTS
Risk assessment approach
Assumptions and choices
Example scenarios
Conclusions

Problem statement:
Can we quantify the risk that marine mammal populations
in the North Sea will be affected by underwater noise
during impact piling for wind turbine foundations and
seismic surveying in the coming years ?
Can this risk be mitigated ?

3
November 12, 2014
CdJ
UWN risk assessment

Risk assessment approach

4
November 12, 2014
CdJ
UWN risk assessment

Population Consequences of Disturbance:
An interim version of the PCoD conceptual model

John Harwood, Cormac Booth & Rob Schick
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Parameters affecting vital rates
Assumption: disturbance/avoidance is decisive for impact on vital
rates; injury and PTS must be prevented by mitigation; TTS is ignored
Comments:
Although not proven in the field, there is agreement on assumption
that PTS can be prevented by taking mitigation measures (slow
start, soft start, porpoise deterrents). Without mitigation number of
animals affected is low anyway.

TTS is less of a problem than significant behavioural response, as
frequency affected is most likely of less relevance to Hp. Also,
threshold for SELcum causing TTS seems to be higher than earlier
assumed (recent work Seamarco).

6
November 12, 2014
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Information required to implement the
interim PCoD approach
The sound field produced during construction and operation of a particular
development (with associated uncertainty).
The sound levels that are likely to result in a significant behavioural response for
each species.
Estimates of the number of animals of each species that may show a ‘significant’
behavioural response during one day of construction.
Estimates of the number of days on which individual animals experiences a
‘significant’ behavioural response over the entire construction period.
A mathematical function linking the number of days on which an individual
experiences a ‘significant’ behavioural response and its vital rates, with associated
uncertainty, for the different age classes of each priority species.
The current population size and population history for each MU.
Estimates of the key demographic parameters (adult survival, calf survival,
juvenile survival, annual probability of pupping/calving, age at first pupping/calving,
longevity) for each species, in each MU, with an indication of likely levels of
variation between years.
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Assessment based on Sound Exposure Level
(kPa)[kPa]
pressurep(t)
soundsound
pressure

durationT90T90
[s]s, Etot = 163 dB re 1 Pa2s, Pmax = 1304 Pa
= 0.12
1.5

cumulative energy (normalized)

1
0.5
0
-0.5
-1

Distance = 1 km

-1.5
0

0.1

0.2

0.3

Sound Exposure Level (SELSS):

0.4

0.5
[s]
timetime
t [s]

0.6

0.7

0.8

0.9

1

|p|2 integrated over pulse duration

Cumulative Sound Exposure Level (SELcum): sum of SELSS over multiple blows

8
November 12, 2014
CdJ
UWN risk assessment

Acoustic Modelling
AQUARIUS (Weston’s flux integral method) propagation model:
propagation loss (PL):
Bathymetry, sediment type, surface waves (wind)
‘Source level’ (SLE) of an equivalent source, based on measurements
at Prinses Amalia Wind Park (Q7), scaled for hammer energy
SELSS = SLE – PL

9
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Threshold level (SEL in dB re 1 Pa2s)
Harbour Porpoise
Avoidance
behaviour

Harbour Seal

SELSS > 136 dB

SEL1,W >

[Kastelein 2013]

[Kastelein 2013]

145 dB

SELSS : unweighted single pulse SEL (at 1 m from the sea bed)
Threshold based on observations on porpoise in quiet pool
German field studies suggest avoidance threshold levels 140-145 dB

10
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Example: avoidance area
for harbour porpoises

1 m below sea surface

1 m above sea bed

11
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Estimate # affected porpoises
= porpoise density  affected area
Harbour porpoise density now from aerial surveys [IMARES 2011/2014]

New distribution models are under development in DEPONS project
DEPONS project:
Disturbance Effects on the
Harbour Porpoise Population
in the North Sea
Initiated and funded by
Vattenfall, SMart Wind, Forewind,
East Anglia Offshore Wind Ltd.
and Eneco Luchterduinen

12
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Interim PCoD:

13
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UWN risk assessment

Duration of behavioural response ?
Assumption: effect of piling for one foundation lasts one day (24h)
Comments:
Monopile piling lasts 1-4 hours
In laboratory porpoises return to observed ‘normal behaviour’

immediately after exposure.
Field data suggest longer duration (1-2 days)
Animals who leave an area were there probably for a reason,
and may end up in a less favourable area.
Conclusion: Study three scenario’s in Interim PCoD:
1. duration 24 hours
2. 24 hours + one residual day
3. 8 hours (4 hours avoiding piling + 4 hours to return)

14
November 12, 2014
CdJ
UWN risk assessment

degree of certainty

probability of giving birth 

Interim PCoD: expert elicitation

100

days of disturbance 

300

15
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Interim PCoD: population parameters
(harbour porpoise; Phocoena phocoena)
Assumptions (SMRU):

total population of MU North Sea (227.298 individuals)
porpoise population is stable. No density dependent growth.
porpoise population model: a low adult survival (0.85) and a high
fecundity (0.48)
Three scenarios for ‘vulnerable sub-population’ (NL):
1. NCP population (~66000 individuals)
2. area D (~30000 individuals)
3. max. impact area (NL: ~6600 individuals)

16
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North Sea wind farm development scenarios
June 2016 – May 2022
NL scenarios studied:
A. Two wind farms per year, both in the spring (worst case)
B. Two wind farms per year, both in the spring, with noise limit
(SELSS  160 dB re 1 at 750 m)
C. Two wind farms per year, one in the spring and one in the fall
D. Two wind farms per year, both in the fall
International scenario:
• Planning based on ‘internet’ information
• No piling in winter (December-February)
• Max. 6 projects simultaneously (of which 2 in NL)
All projects:
• 6 MW turbines
• Hammer energy: 2 MJ (monopile) or 800 kJ (tripod/jacket)
• Noise limit for German projects

17
November 12, 2014
CdJ
UWN risk assessment

Proposed time planning for PCoD (NL scenario A)

18
November 12, 2014
CdJ
UWN risk assessment

One generic seismic survey scenario
(reference case)
~8 surveys per year
~20000 km2 per year
‘Representative’ airgun source level
from previous study TNO
Modelling and threshold value as for
piling
gemiddeld scenario 1 jaar seismiek, 2015-2021
locatie januari
km2
1 2 3
Nederland (2000)
1000
Z
500
Z
500
N
Engeland (15000)
4500
Z
3000
Z
2000
N
2000
N
1500
Z
1000
N
1000
Z
Duitsland (2000)
1000
N
500
Z
500
Z
Denemarken (775)
500
225

4

5

februari
6 7 8

maart
april
mei
juni
juli
augustus
september
oktober
november
december
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

19
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CdJ
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Scenario calculations and results
Total of 14 scenarios, including parameter variations (‘vulnerable
subpopulation’, ‘response threshold’, ‘duration of disturbance’)
Porpoise population development is ~ linearly proportional with the

total number of ‘porpoise disturbance days’ =
# porpoises disturbed per project day



disturbance duration per project day



# project days (all projects & all years)
Many uncertainties, substantial bandwidth in results
(Interim PCoD provides e.g. 10%, 50% & 90% percentiles)

20
November 12, 2014
CdJ
UWN risk assessment

Conclusion
General line of reasoning for risk assessment is developed
Example scenarios calculated
Report due End 2014: guideline for risk assessment

Report will include an overview of uncertainties and knowledge gaps

WO RK S HOP I I U NDE RW A TER NO I SE
App.4 Presentation by Eva Philipp – Vattenfall
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Noise Mitigation Development in
German OWPs
Dr. Eva Philipp
Project Manager Environmental Systems
DanTysk/Sandbank
Vattenfall Offshore Wind
Utrecht 12. November, 2014

Noise mitigation regulations in the German EEZ
The impact of noise from piling activities on marine mammals, particularly harbour
porpoises (Phocoena phocoena), has become a crucial aspect in the process of
approving offshore wind farm projects in Germany.
Bundesnaturschutzgesetz – Federal law on nature protection
•

Forbidden to injure (§ 44 Abs. 1 BNatSchG)

•

Forbidden to significantly disturb (§ 44 Abs. 1 BNatSchG)

Individual
Population

To meet these rules for harbor porpoise, threshold levels in Germany were
set to 160dB SEL in 750m distance to the piling location

Since 1. December 2013 a „Noise mitigation concept“
was introduced for new permits by the Federal
Ministry for the Environment (BMU)
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Noise mitigation concept
Components of a noise mitigation concept:
• Deterrence (Soft start, Pinger, Seal Scarer)
- displace animals from areas of high noise levels
• Noise mitigation system (BBC, IHC, HSD...)
- decrease piling noise
- (Mitigation of noise generation – decreased piling
energy, alternative foundation installation)
• Control of efficiency (Hydrophones, C-PODs)
- document efficiency of noise mitigation and effect on
harbour porpoise abundance
• Documentation
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GER OWPs
Bard, Borkum West 2, Riffgat
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Increased knowledge about piling noise
10 GER OWP, 6 OWPs other countries, converters, test piles etc
>800 piles

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk: M. Bellmann

Increased knowledge about piling noise

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk: M. Bellmann

Increased knowledge: piling energy vs. noise generation
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Noise mitigation systems used in GER OWPs

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk:141009 Schallschutz in Offshore Wind Bauvorhaben
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Noise mitigation systems
Noise mitigation of current system under optimal conditions

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk: M. Bellmann
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Increased knowledge: Parallel piling
Distance between
sites 1 & 2 ~ 5km

Source: www.bsh.de: Noise mitigation workshop
09.10.2014, talk: M. Bellmann
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Increase ~ 1 dB in case of parallel
piling event

Increased knowledge: harbour porpoise behaviour

Fast detection of porpoises shortly after piling is finished

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk:G. Nehls

Increased knowledge: harbour porpoise behaviour
Example DanTysk windfarm
DT1 (3-15km distance)
DT2 (20-40km distance)

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk:G. Nehls
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Lessons learned, logistical challenges
Last minute changes and adaptations throughout the construction period
• Additional noise mitigation systems
• Additional measurements
• Re-fitting of installation vessels, equipment
Leading to higher costs but also increased HSSE risks
Increase in number of ships and people in the construction field
• Additional ships for noise mitigation systems
• Additional installation vessels
• Additional personnel on all ships
Leading to higher costs but also increased HSSE risks
Early involvement of all participants
• Ship crew, all involved parties, HSE, construction management, authorities
• Clear Communication / Responsibility matrix
• Eneough time for testing and preparation of method statements
This increases effectiveness and can decrease HSSE risks
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Composition of costs for noise mitigation

Version 1: With BBC i.e. with extra ship

Version 2: Without BBC i.e. no extra ship

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk:141009 Schallschutz in Offshore Wind Bauvorhaben
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Development in 8 different GER OWPs

Monitoring of efficiency

Piling energy

Noise threshold reached
Total noise mitigation costs

Source: www.bsh.de: Noise mitigation workshop 09.10.2014, talk:141009 Schallschutz in Offshore Wind Bauvorhaben

Standard reached?
All OWPs in Germany show:
-

Different water depth

-

Different installations toole and
equipment e.g. hammer, gripper

-

Different foundation design

-

Different environmental conditions e.g.
soil, current, wave heights

Therefore noise mitigations systems still
need to be adapted to the project specific
needs
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Research – Novicos BBC study
Project „Big Bubble Curtain“
•

Initiated by Vattenfall, RWE, WindMW, EnBW, HTL,
Weyres-Offshore, GT I (Coordinator)

•

Hydrosound & environmental data, NMS specifics taken
from DanTysk, GT I, Meerwind, Nordsee Ost, Baltic 2

•

Analysis of influence of BBC parameters and
environment on noise mitigation

•

Development of models for project specific BBC

Offshore Foundations 4th international conference | 2014.10.23
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Research - DEPONS

Timeline: 2013 – 2017
Budget: 1.5 mill GBP/1.8 mill EUR
DanTysk Part:
November 2013 – Februar 2014
12 x C-PODs
12 x Hydrophones

Offshore Foundations 4th international conference | 2014.10.23
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Thanks for your attention!
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Regulation & mitigation of underwater
noise caused by pile driving
Workshop 12.11.2014
Beatrix building, Utrecht
Attending: Dr. Eva Philipp, Jesper Kyed Larsen, Heike Sittel

1
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Roll-out plan as presented by the Government dd 26-09-2014

1. Rijkswaterstaat is preparing new regulations for offshore wind. What option
concerning the effects of underwater noise would you prefer for construction:
seasonal restriction or a maximum noise threshold?
It s a difficult decision as both will impact the offshore installation.
Seasonal restriction in the summer month will increase adverse weather days for the
installation. Seasonal restrictions in the most windy winter months will decrease
this issue but still increase installation risk in case time schedule of installation is
changed due to e.g. delays.
A reasonable noise threshold could be considered compared to a seasonal
restriction. Threshold need to be set in respect to current knowledge of porpoise
impact and available mitigation system – i.e. what is reasonable and feasible?!
Both approaches will come with a cost. Cost reduction targets of the SER agreement
needs to be considered.
2
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Roll-out plan as presented by the Government dd 26-09-2014
2. What do you think are effective standards in which both the offshore wind developments and the effects
on sea mammals are respected?
Effective standards can only be ensured if the underlying problem is well understood. With regard to marine
mammals more research is required to fully comprehend the issue. Existing international data regarding
this topic needs to be shared and evaluated by experts.
Acoustic deterrent devices and soft-start/ramp up procedures to reduce the risk of injury (PTS) has been
successfully used and seems to be a cost effective measure.
Spatial and temporal planning of wind farm developments to manage potential cumulative population impacts
from disturbance could be considered and might reduce the need for extensive mitigation measures.
Marine mammal observers (MMO) have not proven to be effective e.g due to low efficiency, especially in
darkness, fog and rough sea. Further risks in respect to health and safety is increased. See “ORJIP
Project 4” report.
Some thoughts:
• In order to protect sea mammals effectively, maybe other neasures aimed at other offshore industries
might be even more effective (cost and protective wise). For example decrease in fishing nets in which
sea mammals get tangled up.
• The environmental impact of noise mitigation measures itself should considered e.g increased ship noise
and fuel consumption due to usage of bubble curtain or increase ship movements due to lost deck space
due to noise mitigation sleeves.
3
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Roll-out plan as presented by the Government dd 26-09-2014

3.Regarding the effects of underwater noise; what effects need to be considered and
how can be established when effects are significant? And what will this implicate in a
cumulative perspective?
Effect on the marine environment has to be given by scientific experts. Indiustry can
advice on technical and economic topics.
Some thoughts anyhow:
In respect to harbour porpoise, first injury, interpreted as PTS, has to be considered.
Secondly, disturbance in terms of potential cumulative population effects (individuals
and population). The significance of the latter should be assessed based on best
available population models. Large datasets are available to inform the
assessment.
Also, in respect to the disturbance effect, the disturbance frequency related to the
hearing frequency of sea mammals should be taken into account.

4
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Participants Workshop Underwater noise by pile driving - Follow Up
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Name
Vattenfal
Jesper Kyed Larsen
Eneco
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Vattenfal
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DONG
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DONG
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Eneco
Johan Dekkers
NWEA
Ton Sledsens
Forewind
Rachel Hall
Volker Stevin
Muriel v.d. Hulst
Volker Stevin
Sofia Patricio
Van Oord
Jesper Knoester
Vattenfal
Heike Sittel
TNO
Christ de Jong
RWS
Aylin Erkman
RWS
Suzanne Lubbe
RWS
Martine Graafland
RWS
Rob Gerits
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