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1. Introduction 
The majority of offshore wind farms built to date have used the monopile as the preferred turbine 

foundation. Indications are that this type of foundation will be selected by the majority of wind farm 

developers in the coming years. 

 

The installation of monopile foundations can cause high underwater noise levels which can have 

negative impacts on marine mammals. In order to manage these impacts, several restrictions are 

included in the current permits for offshore wind farms in the Netherlands, such as a ban on 

construction in the first half of the year and a ban on the construction of more than one wind farm 

in one year. 

 

The Netherlands are currently revising their regulations on the emission of underwater noise and its 

effects on marine mammals, fish and fish-larvae. In this context an international expert session was 

organized by Pondera Consult, on behalf of TKI Wind op Zee (Offshore Wind).  

 

The objective of the session was to advice the Dutch government on this matter. Knowledge based 

on international practice-based experiences was exchanged and an international comparison on 

regulation and measures used was made. The outcome of the session is presented in this document. 

 

Disclaimer 

The report is a result of inputs from the various participants but cannot necessarily be taken as a 

statement of the individual companies or organisations. 

 

 

2. International Comparison 
 

Several participants were asked to contribute to the expert session by giving a presentation on the 

current situation concerning regulations and measures related to underwater noise. Most of these 

presentations can be found in the appendices of this document. Basic knowledge on the current 

regulations per country is given in the appendices of this document.1  

2.1 United Kingdom 

The construction of Offshore Wind Farm Gwynt Y Mor by RWE Inogy was used as case study. The 

wind farm is situated at a distance of 13 kilometres to shore, consisting of 160 monopiles (max. 

diameter of 6 meter). During the construction, several mitigation measures and monitoring were 

applied.  

 

Monitoring 

The results of actual underwater noise measurements were in line with what was modelled during 

the EIA. Based on this the monitoring requirement during construction was discharged. Onshore 

noise monitoring was also applied and this monitoring proved valuable during a period of warm, 

                                                           
1 Noise mitigation; country specific overview is attached to this document with the courtesy of Dr. Eva Philipp 

of Vattenfall Germany.  



 
 
WORKSHOP  I  UNDERWATER NOISE  
 
 

 

20140618_REP_workshop.underwater.noise.WS.I_PON_F  4/ 15 

calm weather in summer. In this period several complaints were made about the noise at night. The 

monitoring data showed that the noise was in line with the background noise levels. Based on this, 

no night time piling restriction was imposed by the competent authority.  

 

Mitigation 

During construction, the use of pingers (an acoustic deterrence device, ADD) was found to be 

ineffective for deterring seals. A seal scarer has shown to be more effective in deterring seals, which 

will now be advised for use within guidance by the authorities. A soft start procedure for 

commencement of the piling operation needs to be developed alongside practical experiences, so 

that it can be more definitive. Another practice based experience advice is to ensure flexibility within 

the contract to the Marine Mammal Observer (MMO) concerning stand-down time and rapid re-

mobilisation. For this, locally available Marine Mammal Observers can be beneficial. 

2.2 Netherlands 

For the Netherlands an overview of the current regulations and its legislative roots was presented. 

Next the current permit conditions were discussed.  

 

The seasonal restrictions are based on possible food chain effects (additional mortality of fish eggs 

and larvae, impacting on food availability e.g.) on breeding birds and the possible impact on seasonal 

higher densities of porpoises. There is also a geographical restriction based on among others, the 

occurrence of harbour porpoises and seals. Due to this restriction only one wind farm can be built 

per season. In addition to these restrictions, several mandatory mitigation measures are required. 

For OWF Luchterduinen soft start, MMO and Passive Acoustic Monitoring (PAM) were mandatory in 

July, but after discussions with the authorities concerning the effectiveness of these measures, only 

ADD became mandatory during the entire piling period.  

 

An update of the regulatory framework is ongoing. The latest EIA of OWF Q4 West is based on new 

insights concerning the disturbance of seals and porpoises. For this the ‘Aquarius’ model from TNO 

was used. This is a propagation model and calculates the single strike SEL and Cumulative SEL. An 

update of the thresholds for avoidance and TTS/PTS is ongoing. This re-evaluation of the seasonal 

and geographical restrictions can lead to the adjustment of the (future) permit conditions.  

2.3 Denmark 

The current regulations and permit conditions in Denmark are based on site specific assessments 

(EIA/AA) and knowledge based on a large scale environmental monitoring programme for offshore 

wind. Horns Rev 2 and Anholt were used as case studies. 

 

The results from the construction of Horns Rev show that harbour porpoises respond to piling noise 

by leaving the area and that potential hearing impairment at close range may occur. The disturbance 

effect reaches out up to about 18 kilometres and a full recovery of the displacement effect occurs 

after two days. As mitigation measure, seal scarers are proven to be efficient to mitigate risk of 

injury.  
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In Denmark, two OWF’s are to be built before 2020 (Horns Rev III and Kriegers Flak). The EIA 

scenarios for these OWF’s include turbines from 3MW up to 10MW. The latter with monopiles with 

a diameter up to 10 metres. In the draft EIA for Horns Rev III the injury criterion was PTS, which was 

set on 180 dB SEL for porpoises and 186 dB SEL for seals. The cumulative noise was calculated for 

noise levels causing PTS.  

2.4 Germany  

The noise thresholds in Germany differ from other countries. Here a single SEL at 750 metres shall 

not exceed 160 dB SEL, and the maximum sound pressure peak level at 750 m shall not exceed 190 

dB SEL. A Soft-start and deployment of ADD’s (pinger and seal scarer) are mandatory. A Marine 

Mammal Observer is not obligatory and there are no general time windows for piling. 

 

In order to meet the requirements, measures to reduce the generated noise and to deter marine 

mammals were deployed. For Dan-Tysk, which was the case study for Germany, the use of several 

big bubble curtains (in combination with other measures, such as less piling energy) were needed to 

comply with the noise thresholds. Since December 1st a new noise mitigation concept of the 

German Federal Government is in place which will be applied on newly consented projects. 

 

 

3. Regulation and Permit Conditions 
Guided by several questions submitted by Rijkswaterstaat, a discussion concerning the current 

situation and future developments of underwater noise regulation and measures was held. 

3.1 Cost and feasibility of (current) measures 

There are several examples of current or past construction works on OWF’s and the costs of 

mitigating measures related to the effects of underwater noise. In Germany the costs of mitigating 

concepts to construct an OWF of 288MW consisting of 80 monopiles, were in the region of €20 

million. These costs were made on the deployment of 2 dedicated vessels, 12 compressors, 3 Big 

Bubble Curtains, pingers, seal scarers an measurements of hydrosound and C-PODS. Up to 60 people 

were directly involved in the monitoring process of this OWF. With these substantial efforts, it was 

possible to comply to the German noise thresholds in the German Bight while constructing a 

monopile foundation with a diameter of 6 meters.  

 

In the United Kingdom, the direct costs to comply to the conditions of the Marine License were 

about £3,6 million, specified as follows: 

 

 Marine Mammal Observer:  £970.000 

 Dedicated vessel   £1.100.000 

 Subacoustics measured    £60.000 

 Onshore monitoring stations  £95.000 

 

The seasonal restriction in the Netherlands will result in additional direct costs. If the construction 

period exceeds the ‘pile-driving-window’ of July until December, there will be additional costs of €25 

million. These costs derive from the de- and re-mobilisation of the vessels (€15 million). And the 
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seasonal restriction also results in a reduction of operational time due to the favourable weather in 

springtime (€10 million). These costs were estimated for a standard sized offshore wind farm of 

300MW. Indirect costs, such as delays in commissioning and associated revenue loss will be added to 

these direct costs.  

 

It has to be said that every project still stands on itself. There is no agreed knowledge base, even 

though the geomorphology of the North Sea is quite homogenous in comparison with other seas. 

Due to the lack of technical standards in monitoring, regulations and measures, the above 

mentioned costs cannot be mutually compared. These numbers only give a broad indication of what 

amount of costs can be made if certain measures are made conditional. The following three main 

sorts of measures can be distinguished, in order from high to low costs;  

1. Reduce generated noise 

2. Reduce generation of noise 

3. Apply detterence measures 

3.2 Alternative foundation methods 

There are examples of other foundation methods, such as jackets, tripods, gravity base, suction 

bucket and suction bucket hybrids. All of these foundation methods have their own specific 

advantages and disadvantages and most of them are not certified (yet) or cannot be utilised on a 

large scale. Because the monopile is a proven and cost efficient technique and the soil conditions 

and water depth of the North Sea are –in general – very well suited for this type of foundation, this 

foundation method will be used by the majority of OWF developers in the near future.  

3.3 Technical innovations in reducing noise impacts 

Measures 

There are three main sorts of measures to reduce noise-impacts, these are listed below 

accompanied with some examples; 

1. Reduce generated noise; use of bubble curtains and Noise Shields; 

2. Reduce generation of noise; new hammer-types e.g. blue piling, drilling and vibro-driving; 

3. Apply deterrence measures by using acoustic deterrence devices such as pingers and seal 

scarers. 

 

The development of these measures is based upon scientifically agreed effects on marine mammals, 

fish and fish larvae. It is well known that the scientific basis for the present impact assessments is 

very thin. The current permit conditions however, are formulated on this information. The current 

regulations and measures are based upon the effects on individuals, not on the effects on the 

population. The scientific basis needs to be broadened, especially on the matter of the effects on 

population level.  

 

Alongside the scientific knowledge, a standardisation of assessment of the effects should be 

developed on a policy level. For this, the level of acceptance in avoidance, disturbance and injury 

should be agreed upon in an international setting. Based upon this knowledge and level of 

acceptance, an (inter)national set of regulations and measures can be prepared. A fixed set of 

regulations or measures will also enhance the technical innovations in reducing noise-impacts. 
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There are some piling techniques that generate less noise, such as vibro-driving of the monopile. 

This technique was mentioned as promising due to the short construction time and potential lower 

costs. But it still has two down-sides. First, it is not a certified technique yet and could have a 

negative impact on the ability to achieve financial close of an offshore wind farm. Second, the last 

few meters still need to be piled, which adds additional installation costs and a higher level of 

underwater noise. This technique has proven to be efficient, but is not certified and therefore not 

(yet) applicable for large offshore wind projects. 

 

This is a reoccurring problem all over the North Sea countries; a lack of knowledge, both on the 

ecological and technical side of the spectrum. On the ecological side of the spectrum, more empirical 

knowledge of the impacts on the populations of harbour porpoises needs to be obtained. This could 

be done by an international working group, consisting of ecologists and OWF developers. 

3.4 Regulation and standardization 

Whether a standardisation through a one-size-fits-all regulation or a flexible regulation by tailor-

made prescriptions and restrictions per OWF is preferred is depending on several aspects.  

Standarisation of regulations can be an option only if the thresholds (noise levels within a certain 

distance e.g.) are based on good, transparent and scientifically based knowledge and information. 

On the plus side, this standardisation gives a clear outline. On the down side, it can be an ‘all or 

nothing’ situation, as i.e. in the Netherlands: no piling during winter and spring without exceptions. 

Tailor made regulations can bring more flexibility to the development, but it can also enhance the 

complexity. How to deal with cumulative effects for instance; will it be a ‘first come, first serve’ 

approach or will this be addressed in a bigger context, such as international cumulation? It is not 

feasible to develop general measures which will prevent cumulative effects at forehand and with 

which it is still possible to fully utilise the potential of the development site.  

 

The before mentioned working group can be commissioned to set out research on impacts on 

population level and formulate possible measures in respect with that newfound knowledge. 

 

4. Follow Up 
Several case studies were covered during the expert session. The expert session can be seen as a 

very useful first step in sharing the information and linking different fields in relation to OWF 

development. However, not all questions of Rijkswaterstaat were fully covered. A follow up would 

be a logical next step as valuable information came up during this session. One or several follow up 

expert sessions are recommended. 

 

During (one of) these sessions one of the subjects that can be addressed is to draft 

a complete international overview of the effects of pile driving and applying mitigation measures. 

This overview will be based upon recent or current pile driving. The monitoring programmes of these 

case studies provide data on the pile driving activities and the accompanying mitigation measures 

that were or are taken, this data is to be obtained and structured during a well-prepared follow up 

expert session. A draft-overview can be prepared for this session. In this session the experiences of 

every (relevant) case study will be addressed, in order to assess the applied measures and 

techniques on effectiveness, feasibility, and costs.  
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The scientific foundation for the exact levels of impact-thresholds should be addressed as well, given 

that the current sound standards which pile driving have to comply with are based on this. As 

mentioned, the current foundation for thresholds is quite uncertain and not so much substantiated 

with focussed research. Such a threshold needs to be thoroughly substantiated because a slight 

alteration in levels can cause a substantial cost-relief. The (focussed) scientific research itself does 

not fit within the scope of the proposed working group, the consequences of a slight relief in the 

strict levels however do fit within the scope.  

 

At last, it can be very valuable to gather information on which offshore wind farms are actually being 

constructed on an international level. The Dutch government is currently looking at the cumulative 

effects on harbour porpoises i.e. of OWF development on an international level. Knowing which 

wind farms are going to be developed and when is of great value, since current policy schemes on 

OWF development are too optimistic. The working group may create a realistic view on international 

OWF developments.  
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5. Appendices 
 

App.1 List of Participants 

App.2 Presentation Underwater noise caused by pile driving, Pondera Consult 

App.3 Presentation Noise Mitigation Measures applied at GWYNT Y MÔR Offshore Wind farm by 

Anna Bendall, RWE 

App.4 Presentation Regulation of Underwater Noise by pile driving; Dutch approach by Floor 

Heinis, HWE Consultancy 

App.5 Presentation Workshop ‘regulation and mitigation of underwater noise from pile driving by 

Birte Hansen, Dong Energy 

App.6 Slide Noise Mitigation – International overview by Pondera 
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App.1 List of Participants 

 

Company  Name  Email address  

Vattenfall  Jesper Kyed Larsen  Jesperkyed.larsen@vattenfall.com  

Eneco  Sytske van den Akker  Sytske.vandenAkker@eneco.com  

HWE  Floor Heinis  fheinis@hwe.nl  

Vattenfall  Eva Philip  eva.philipp@vattenfall.de  

RWE  Laut van Seventer  laut.vanseventer@rwe.com  

DONG  Birte Hansen  birha@dongenergy.dk  

TKI  Ernst van Zuijlen  vanzuijlen@tki-windopzee.nl  

Van Oord  Heidi van der Meij  heidi.vandermeij@vanoord.com  

Van Oord  Wouter Dirks  wouter.dirks@vanoord.com  

Vattenfall  Heike Sittel  heike.sittel@nuon.com  

RWE  Allistair Gill  alastair.gill@rwe.com  

Vattenfall  Pieter van Zijl  pieter.van.zijl@nuon.com  

DONG  Jon Vindahl Kringelum  jonvk@dongenergy.dk  

Gemini  Luuk Folkerts  luuk.folkerts@xs4all.nl  

Volker Stevin  Marcel van Bergen  m.van.bergen@vsoffshore.com  

TNO  Martin Nijhof  marten.nijhof@tno.nl  
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App.2 Presentation Underwater noise caused by pile driving, Pondera Consult 

  



Underwater noise caused 
by pile driving 

Expert session on practice-based experiences 
with ecologists and OWF- developers 
 
14th May, Hotel Casa 400, Amsterdam 



Today’s programme  

• Getting acquainted     10.30 
• Structure and objectives of the session  10.45 
• International comparison of current regulations 11.00 

 

• Lunch      12.30 
 

• Preferred regulation     13.30 
– Discussion on the ´what´, ´how´ and feasibility / effectiveness   

• Wrap up and outlines of the advice    15.30 
• Closing statement and drinks   16.00 



Getting acquainted 

HWE 



Structure and objectives of the session 

• Context of the session 
 

– Regulations on Licensing and distribution of wind farm plots are in 
preperation 

– Consideration by government of new standards for regulating underwater 
noise 

– In consideration are: 
• Maximum noise levels 
• At specific distance 
• Temporal requirements 
• Spatial conditions 

 
 
 
 



Structure and objectives of the session 

• Structure 
– Small setting to facilitate in-depth discussions 
– Plenary session 
– Notes made by Pondera for reflection and outline advice 

 

• Objectives 
– Insight in international regulations 
– Sharing of practice-based experiences 
– Identifying of possible mitigation measures 
– Insight in costs of measures / meeting the regulated standards 

 

• Final objective: 
– Formulating a recommendation for the Dutch Government 
 
 

 



Structure and objectives of the session 

• Request for information by the Dutch Government  
 

1. Costs and feasibility of (current) measures 
2. Opinions on alternative foundation methods 
3. Technical innovations in reducing noise-impacts.  
4. Preference for tailor-made measures per OWF, or for clear ‘one size fits 

all’ package of measures. 
5. Preference for strict general measures, but being independent from other 

initiatives being build at the same time, or for less strict measures but 
being dependent of other initiatives.  

6. What is the role of the sector in the development of new mitigating 
measures, such as new soundlevel standards? 

 
 

 



International comparison 



Effectiveness of measures  

What to regulate? 
 
Prevention of exposure of too many animals to too high SEL 

What is ‘too high’ SEL? 
1. PTS/TTS 
2. Behavioral impact  
3. Foraging possibilities 
4. Effects on population 
 
What are ‘too many’ animals? 
1. Seasonal influences? 
2. Depending on location? 

 
 
 
 

 



Effectiveness of measures  

How to regulate? 
 
 
 
 
 
 
 
 
• Prevention of exposure of too many animals  
 

 
 
 
 

 

Source: Verfuss et al., 2013 



Effectiveness of measures  

Feasibility 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 



OWF developement perspective 

  Impact of measures on OWF development 
– Impact on construction period ? 
– Impact on supply chain ? 
– Financial impacts ? 

• Per measure / restriction 
• Per pole 
• Per windfarm 

 

• Preferences for (combinations of) measures? 
– Matrix model? 

 



OWF developement perspective 

•    Realisitic innovations ? 
 

– What are feasible innovations with respect to current OWF development 
scheme? 

 



Suggestions for standards 

 
 
 

Advice to Rijkswaterstaat, Dutch National Government ? 
 

 
 

 
 

1. Costs and feasibility of (current) measures 
2. Opinions on alternative foundation methods 
3. Technical innovations in reducing noise-impacts.  
4. Preference for tailor-made measures per OWF, or for clear ‘one size fits 

all’ package of measures. 
5. Preference for strict general measures, but being independent from other 

initiatives being build at the same time, or for less strict measures but 
being dependent of other initiatives.  

6. What is the role of the sector in the development of new mitigating 
measures, such as new soundlevel standards? 

 

 



Conclusion 

 
 
 

 
• Usefull meeting? 
• Follow-up 

 
 

 



Conclusion 

 
 
 

 
 
 
 

Thank you for participating! 
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App.3 Presentation Noise Mitigation Measures applied at GWYNT Y MÔR Offshore Wind farm by 

Anna Bendall, RWE 

  



PAGE 1 RWE npower renewables 5/27/2014    

Noise Mitigation Measures Applied at  
GWYNT Y MÔR Offshore Wind farm 
Anna Bendall, Development Manager 
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Site layout 
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Wind farm information 

• Wind farm currently under construction 
• 160 x 3.6 MW turbines = 576MW 
• 160 monopile foundations installed 2012 – 2014 
• Up to 6 metre diameter monopiles 
• Up to 40m seabed penetration 
• Most foundations driven to depth 
• Approx. 20% required drive drill drive 
• Water depth 17- 30m 
• Minimum distance to shore 13km 
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Measures applied 
> Piling restrictions in sole spawning periods 

> Noise modelling at consent application stage 

> Noise measurements on first piling 

> Marine mammal observers 

> Soft start piling 

> Acoustic deterrent devices used 

> Onshore noise monitoring 
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Conditions of Marine Licence 
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Noise Monitoring - Construction 

> 9.35 “The Licence Holder must undertake measurements of the 
noise generated by the installation of the foundation pieces. 
Measurements will need to be taken at various distances for the 
first few foundation pieces (minimum of four) including during the 
'soft start' procedure. The specification for these measurements 
should be agreed with the Licensing Authority, in consultation with 
Cefas and CCW at least four months before the construction work 
commences. The results of these initial measurements should be 
processed and the report submitted to the Licensing Authority 
within six weeks of the installation of the first foundation piece. 
Assessment of this report by the Licensing Authority will determine 
whether or not any further noise monitoring is required. Should 
noise levels be significantly in excess of those predicted during the 
Environmental Impact Assessment process then further pile 
installation will not occur without the consent of the Licensing 
Authority” 
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Noise Monitoring - Operation 

> 9.36 “The Licence Holder must make provision during the 
construction phase of the wind farm to enable subsea noise and 
vibration from the turbines to be assessed and monitored during 
the operational phase of the wind farm. Before completion of the 
construction phase the Licence Holder must supply specification to 
the Licensing Authority of how it proposes to measure subsea 
noise and vibration. This date must be included in the schedule 
referred to in condition 9.1. These measurements must be taken at 
various frequencies across the sound spectrum at a selection of 
locations immediately adjacent to, and between turbines, within 
the array and outside the array at varying distances. Collaborative 
studies, e.g. research funded by COWRIE in this respect, would 
be an acceptable means of fulfilling this condition.” 
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Noise Monitoring - Operation 

> 5. “Noise and Vibration 

> Detailed post construction data must be collected on the frequencies and 
magnitudes of underwater noise produced by this offshore wind farm. This 
is required for a variety of purposes, including: 

> In combination with the biological aspects of the monitoring programme 
proposed in Annexes 1 and 2, the data would help to elucidate any 
interactions between noise generation and the provision of new habitat 
and fish aggregation effects of the turbine support structures. 

> Determining the effects of distance depth and background sources on 
noise propagation. 

> Any potential marine mammal disturbance.” 
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Comments 

> Results of actual underwater noise monitoring was in line with what was 
modelled during the environmental impact assessment.   

– Condition discharged and no further monitoring required during 
construction. 

> Also located  noise monitors across the North Wales coast to monitor 
onshore noise as a result of piling.  

> Proved valuable during period of warm, calm weather in summer when 
received a number of complaints from the public about noise at night.   

– Data showed that noise heard was in line with background noise levels.  

– Result - No piling restriction imposed at night by Competent Authority. 
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Marine Mammal mitigation 
 
> 9.18 “The Licence Holder must ensure that no piling activities 

commence until the Licence Holder has agreed, in writing with the 
Licensing Authority and CCW, a Marine Mammal Mitigation 
Programme (MMMP) for the mitigation of potential impacts on 
marine mammals. The MMMP must be submitted to the Licensing 
Authority and agreed in writing, four months prior to the 
commencement of construction works and shown in the schedule 
referred to in condition 9.1. It must follow current best practice as 
advised by the statutory nature conservation agencies.” 
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> 9.19 “The MMMP must include as a minimum provision for:- 

– Identification of a Marine Mammal Monitoring Zone (MMMZ) 

– Appointment of a suitably qualified and experienced Marine Mammal 
Observer(s) (MMO) 

– Detection of marine mammals within the MMMZ both visually (by the MMO(s)) 
and acoustically using Passive Acoustic Monitoring equipment, to be carried out 
at a reasonable time before piling commences 

– A reporting methodology to enable efficient communication between the MMO 
and the person responsible for approving commencement of piling 

– Piling activities not to commence until an agreed time has elapsed during which 
marine mammals have not been detected within the MMMZ 

– Commencement of piling using an agreed soft start procedure 

– Recording of any sightings of marine mammals, basking sharks and turtles 
within the MMMZ and any actions taken 

– Enhanced acoustic monitoring of the MMMZ at times of poor visibility (e.g. night 
time, foggy conditions and sea state greater than associated with force 4 winds.” 
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> 6. “Marine Mammals 

> As a number of cetaceans and pinnipeds are found in the general 
area of the wind farm site there is a requirement to conduct 
monitoring during the construction phase (see licence conditions 
9.18 to 9.23). Best practice marine mammal mitigation will be 
required during construction. 

> The need for additional post-construction marine mammal 
monitoring, over an initial three year period and on-going during 
the lifetime of the wind farm's operation, will be determined, in 
consultation with CCW and the Licensing Authority, at least four 
months before the scheduled completion of construction.” 
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Comments 
> Use of acoustic deterrent device (ADD) 

for marine mammal disturbance found 
ineffective for deterring seals. 

> Seal Scarer shown to be more 
effective deterrent - now advised for 
use within guidance by authorities. 

> Soft start procedure for 
commencement of piling operation 
needs to be developed alongside 
practical experience so that it can be 
more definitive.  

> Ensure flexibility within contract to 
manage marine mammal observer 
stand-down time and rapid re-
mobilisation. 

> Benefit in using locally available Marine 
Mammal Observers – rapid 
remobilisation 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=8QJOuSQo8dtrSM&tbnid=OjrceG5pq_gi0M:&ved=0CAUQjRw&url=http://www.aceaquatec.com/scarercomponents.htm&ei=5x9NUsXpIdHxhQeUw4HQDA&bvm=bv.53537100,d.Yms&psig=AFQjCNGdAuHuTqn8vkvcA8zrWIR5n3zndg&ust=1380872444085590
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Noise Monitoring Costs during the 
Construction Phase 
> Three different contractors have been deployed in discharging the 

different conditions of the Marine Licence 

> CMACS provided the marine mammal observers used to monitor 
both visual and acoustic records of pinnipeds and cetaceans.  
Cost of marine mammal observers £970K, cost of a dedicated 
vessel (Isadale also used as a Guard Vessel) £1.1million. 

> Subacoustics measured noise and vibration on first 4 piling events 
£60K during construction phase 

> Hoare Lea – provided 4 onshore noise monitoring stations and 
provided reports in response to noise complaints from local 
residents £95K 
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Sole – Spawning Restriction to Piling Activity 

> 9.57 “The Licence Holder must ensure that the only pile-driving 
activity undertaken during the period 1st April to 15th May is the 
construction of the offshore substations, in order to reduce or 
avoid significant effects on sole spawning, unless otherwise 
agreed in writing by the Licensing Authority.” 
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Comments 
> Applied for relaxation of sole 

spawning restriction based on new 
data in relation to sole spawning 
areas and underwater noise 
monitoring undertaken. 

> Old data – showed high intensity 
spawning in GyM area (red) – New 
data showed spread over wider 
area = GyM less impact on Sole 
Spawning overall. 

> Relaxation given to re-drive 6 piles 
in sole spawning season in 2013 
/14  
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GyM Reports / Documents Available 

> Environmental Impact Assessment section on Noise 

> Underwater noise monitoring methodology 

> Underwater noise monitoring report 

> Marine Mammal Mitigation Plan 

> Marine Mammal Annual Reports 

> Sole Spawning supporting documents accompanying application for 
relaxation (2013 and 2014) 

> Noise monitoring reports issued in relation to complaints from residents on 
North Wales coast 

 

> Please contact anna.bendall@rwe.com for a copy of any of the above reports 

mailto:anna.bendall@rwe.com
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App.4 Presentation Regulation of Underwater Noise by pile driving; Dutch approach by Floor 

Heinis, HWE Consultancy 

 
  



Floor Heinis 
HWE Consultancy 

Regulation of Underwater Noise by 
pile driving: Dutch approach 

HWE 
Workshop Regulation and 

Mitigation of Underwater Noise by 
Pile driving 

Amsterdam, 14th May 2014 



Offshore Wind at sea in the Netherlands: 
current status and development 
Round 1 
 2 offshore wind farms 

operational (228 MW)  
Round 2 
 12 permits for the 

construction of new 
wind farms (3.250 MW) 

 11 with pile driving 
Round 3 
 Large areas designated 

for offshore wind farms 
> 6 GW 

 



Dutch legal framework for Offshore Wind 
 Permit under Dutch Water Act is needed 
 EIA/Appropriate Assessment 
 Ecology: European Bird & Habitat Directives 

leading 
 Dutch Flora & Fauna Act: strictly protected species 

– assessment of impact on conservation status of 
species 

 Dutch Nature Conservation Act: species with 
conservation objectives in Natura 2000-sites – 
assessment of impact on meeting the conservation 
objectives of the site 



Impact assessment  
 Use of best scientific knowledge 
 Application precautionary approach / worst case 
 Potential impacts – including analysis of 

uncertainties 
 Cumulative effects – including analysis of 

uncertainties 
 
 Decision making process 

 Assessment of the impact on species and habitats 
 Permit granted yes/no 
 Permit conditions 
 



Underwater noise by pile driving – Round 
2 
 Impact assessment & decision making process in 

2009: “Significant impacts due to multiple projects 
could not be excluded” 
 Disturbance of porpoises and seals 

 
 

 
 Mortality of fish larvae leading tot food chain effects 

on protected birds in Natura 2000 sites 



Permit conditions 
 Seasonal / geographical restrictions: 

1 No pile driving allowed from 1st January – 30th 
June: 
- No food chain effects (breeding birds) 
- No impact on highest densities of porpoises 
(spring) 

Source: IMARES report (Geelhoed et al. 2011) 



Permit conditions 
 Seasonal / geographical restrictions: 

1 No pile driving allowed from 1st January – 30th June: 
- No food chain effects (breeding birds) 
- No impact on highest densities of porpoises (spring) 

2 Only one wind farm per season in Dutch North Sea 
- Cumulative effects are at acceptable level 

 Monitoring programme: 
Validation of predictions and reduce uncertainty in 
future impact studies 

 Technical measures: 
- Soft start: reduce number of affected animals 
- Acoustic deterrent Devices: prevent permanent 
hearing injury 



Update 2013/14 
 Fish larvae: 

 predictions 2009 probably too conservative 
 experiments ongoing – final results 2015 

 Disturbance of harbour seals and porpoises – recent 
impact assessments based on new insights (Working 
group ‘Underwater Noise’) 
 Use of sound propagation model Aquarius (TNO) 
  Single strike SEL1 (avoidance) and cumulative SELCUM 

(TTS/PTS) 
 Update of threshold levels avoidance and TTS/PTS 

 Re-evaluation of seasonal and geographical 
restrictions leading to adjustment of permit conditions 
 
 



Thank you! 
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App.5 Presentation Workshop ‘regulation and mitigation of underwater noise from pile driving by 

Birte Hansen, Dong Energy 

  



Current situation and developments in Denmark   
 

Workshop 'regulation and mitigation of 
underwater noise from pile driving' 
 

14 May 2014, Amsterdam 
Birte Hansen, DONG Energy 

W
IN

D
 PO

W
ER

 2014 



Denmark – current situation 

2 

 No specific national regulation for pile driving/noise mitigation / no set noise 
threshold 

 Regulated case-by-case (permit conditions) based on 
 site specific assessment (EIA/AA) 
 knowledge from large scale environmental monitoring programme for offshore wind  

 Results from Horns Rev: 
 harbour porpoises respond to piling noise by leaving the area; 
 potential hearing impairment at close range may occur; 
 disturbance effect up to about 18 km; 
 full recovery after 2 days 
 seal scares efficient to mitigate risk of injury of porpoises 

 
 
 



Denmark – current/past situation 
Recent offshore wind farms on monopiles – mitigation measures / permit 
requirements: 
 

3 

Horns Rev 2 Anholt  

Project info 

Year 
Foundation installation 

2008 
May - Sep 

2011 
Jan - Aug 

Number of monopiles 
Diameter 

91 
Ø 3.9 m 
 

111  
Ø 5.35 m  

Netto piling time 
(hours per monopile) 

Btw. 1-2  
 

Max: 3.59  
Mean:1.34 
Min: 0.41 

Mitigation measures / permit conditions 

ADD pinger + seal scarer Seal scarer  

Soft start + ramp up   x x 

Monitoring Hydrophones/PODS 
Noise measuremetns 

N/A 



Denmark – future situation? 

4 

 2 OWF's  before 2020 – Horns Rev 3 (400 MW), Kriegers Flak (600 MW) 
 Large turbines/foundations 
 EIA scenarios include turbines from 3 MW – 10 MW, monopile up to Ø10 m! 

 Horns Rev 3 draft impact assessment for marine mammals: 
 PTS defined as injury criterion; 180 dB SEL for harbour porpoises, 186 db SEL for 

seals 
 TTS and PTS-criteria for harbour porpoises based on Lucke et al. (2009), for seals 

based on Southall et al. (2007) 
 Cumulative noise calculated for noise levels causing PTS  
 What to expect: 
 Active noise mitigation if noise reach level which may induce PTS? 



 DK – typical consent requirements: 
 Soft-start and acoustic deterrent devices 

 
Example - Anholt Offshore wind farm: 
 111 monopiles, diameter 5 m, netto piling time ½-2 hrs. 
 Soft ramp-up, max energy level of hammer must only be reached 

after ½ hours   
 1 seal scarer on the installation vessel (+ 1 spare) to be placed 

and activated in the water no earlier than ½ hour before start of 
piling, use of the scarer must be logged. 

 
DK strategy: to ensure that no mammals are present within the 
construction site by scarring them away from the construction site 
 

 
 

5 

Country specific requirements to noise mitigations - DK 
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App.6 Slide Noise Mitigation – International overview by Pondera 

 

 



Denmark Germany Netherlands Sweden UK Belgium

Authority and main legal 
ground 

Danish Energy 
Agency 
(DEA) (6)

Federal Maritime and 
Hydrographic Agency (BSH) 
(4)

Rijkswaterstaat 
(Waterwet (Ww), Water act) (5)

Swedish Agency for 
Marine and Water 
Managment (SwAM) (10)

Marine Management 
Organisation (MMO) - 
secured through the Marine 
Licence for each project

BMM

Soft start
Yes, but not 
standardised (1) Yes (1) Yes (1), taken up in permit and not standardised No Yes (1) Yes, taken up im permit 

and not standardised (1)

Marine Mammal Observers 
(MMO) and or/ enforcement  
of a mitigation zone

No (1) No (1) No (1)changed in permit requirements No

Yes, following JNCC 
guidelines and Project 
specific MMMP that must 
be agreed prior to 
construction. 
Some Passive Acoustic 
Monitoring (PAM) (1) 

see Additional information

Yes, taken up in permit and 
not standardised 

Seasonal restrictions in piling 
(for fish) No No Yes. ……. ?

Yes, for many projects to 
prevent behavioural 
impacts - during discrete 
spawning seasons (for cod, 
sole, herring) and limited 
(8hr on/off) piling for areas 
close to salmon protected 
areas

?

Acoustic Deterrent Devices 
(ADD)

Yes, but not 
standardised - for 
recent projects only 
seal scarer (1)

Yes (1), 

Pinger and Seal scarer Yes, taken up in permit and not standardised (1)No

Occasionally, judged on 
case by case basis and not 
a strict requirement (though 
could be part of MMMP) (1)

see Additional information

Yes, taken up in permit (1)

Seasonal restrictions in piling 
(for marine mammals) No (1)

No (1), 
Piling in May-August might 
be resoticted for some 
projects but no general rule

Yes, no piling between (1)

1st January and 1st July
No

No, but some seasonal 
restrictions for fish 
spawning grounds (1)

Yes: no piling between 1st 
January and 30th April . 

OWF development in 
Natura 2000 sites

Not a priori 
forbidden (1) 

Yes 1 OWP but no further 
consent since 
establishement of marine 
spatial planning regulations 
(1)

Not a priori  forbidden (1) No

Not a priori  forbidden (but 
future sites unlikely to be 
defined overlapping with 
Natura sites) (1)

Not a priori  forbidden (1)

Noise thresholds No (1)
Yes, 160 dB SELand 190 db 
SPL at 750 m from piling 
event (1)

No (1) No No (1)

No, however the use of 
noise mitigation measures 
is obliged if there is piling. 
In a recent permit mitigation 
measures are obliged if the 
noise at 750 m exceeds 
185 dB re 1 uPa (SPL0-
peak)

Restriction on parallel piling No (1) No (1)

Discussions underway

No more than one construction 
activity in which piles are driven in 
one piling season (1)

No No (1) No (1)

Noise reduction measures 
obligatory No  (2) Yes (2) No No No yes

Noise mitigation concept 
required for 2nd BSH 
release, 8 month prior 
construction start

Piling restrictions  included as 
requirements and conditions in the 

Ww permit(7)

There are discussions 
on potential impact on 
harbor porpoise but no 
conditions so far. (pers 

comment)

Consents include a 
standard condition to 
monitor noise propagation 
at first few (4-6) piles and 
validate noise model and 
associated biological 
assumptions.

max noise level for ADD 
170-195 dB re 1 uPa @1m

Daily reporting to the 
authorities

Restriction period 1st January and 
1st July - based in theory that 
piling noise/ vibration increase 
fish larvae mortality significantly. 
Recent subsequent research 
increasingly suggests that is not 
the case (7). Restriction of simultaneous pling 

is mainly based on disturbance of Seals: 

assumption that they can be disturbed at distances 

of 80 km. New studies show much smaller 

distances in which seals are disturbed.

If the disturbance is of 
that kind (size) it could 
impact on the population 
- restrictions are 
possible. Restrictions 
depend also on the cost 
for the mitigation, and 
the benefit of what 
causes the impacts. (pers 

comment)

Requirement for a Marine 
Mammal Mitigation Protocol 
during piling - 
observers/PAMS have 
been used historically but 
recent ORJIP study may 
lead to ADDs being allowed 
as an alternative, 
particularly for large arays 
where the use of observers 
is impractical. (pers comment)

daily reporting of piling to 
the authorities

Since 1st January 2014 coverage 
of the Wbn has been extendet 
beyond 12 nm (7)

Consents include a 
standard condition to 
monitor noise propagation 
at first few (4-6) piles and 
validate noise model and 
associated biological 
assumptions.

The dutch government is currently 
investigating how to change the 
underwater noise regulation. The 
piling restrictions need to be 
adapted in order to reach the 
dutch offshore wind targets. (pers 

comment)

Piling restrictions for fish 
very common - for 
behavioural impacts rather 
than physiological - eg to 
prevent spawning activity 
being affected (not larval 
injury) - usually 6-8 weeks 
in duration in key spawning 
period, and for salmon to 
prevent deviations from 
migratory routes (again 
approx 6 weeks). Impacts 
on salmon becoming more 
high profile (more in 
Scotland).

Sources
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
uncertainties or missing information
http://www.gmo.nu/gmoenglish/swedishagencyformarineandwatermanagement.4.778a5d1001f29869a7fff1069.html

Noise mitigation

Country-specific regulations

Luedeke J., 2012, ECUA 2012 11th European Conference on Underwater Acoustics, UW109. 

Additional 
information / topics 

ORJIP Project 4, Phase 1; Use of Deterrent Devices and Improvements to Standard Mitigation during Piling (A01 - 11/10/13)

Review of Post-Consent Offshore Wind Farm Monitoring Data Assoziated with Marine Licence Counditions, Final Report 01/10/2013 
http://www.dft.gov.uk/mca/mcga07-home/shipsandcargoes/mcga-shipsregsandguidance/offshore-renewable_energy_installations.htm

Parameters

http://www.bsh.de/en/Marine_uses/Industry/Wind_farms/index.jsp
http://www.rijkswaterstaat.nl/en/, 
http://www.ens.dk/en/supply/renewable-energy/wind-power/offshore-wind-power
E-Mail Information

http://www.gmo.nu/gmoenglish/swedishagencyformarineandwatermanagement.4.778a5d1001f29869a7fff1069.html
http://www.dft.gov.uk/mca/mcga07-home/shipsandcargoes/mcga-shipsregsandguidance/offshore-renewable_energy_installations.htm
http://www.bsh.de/en/Marine_uses/Industry/Wind_farms/index.jsp
http://www.rijkswaterstaat.nl/en/,



