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1 Introduction 

1.1 Current state 

The BSH is responsible for the approval of offshore wind farms in the German Exclusive 

Economic Zone (EEZ) in accordance with the Marine Facilities Ordinance. As part of approv-

al procedures for offshore wind turbines, the extent to which sound effects caused by the 

construction, operation and decommissioning of installations may represent a possible haz-

ard to the marine environment is to be investigated. 

According to the Environmental Impact Assessment Act, there is an obligation to carry out an 

Environmental Impact Assessments (EIA) for offshore wind farms. As part of this application, 

an Environmental Impact Assessments (EIA) study is prepared by the applicant for this pur-

pose in which, inter alia, the potential effects of the noise input on the marine environment 

are described and evaluated. 

Incidental provision number 14 of the BSH approvals regularly schedules measures for the 

detection and reduction of underwater noise. Thus, measurements of underwater noise are 

to be carried out and documented during sound-intensive work at predetermined distances. 

Damage-preventing and noise-reduction measures are to be investigated during implementa-

tion to check their effectiveness by means of measurements. The measurements are to be 

documented and the results have to be reported to the approval authority. 

The temporal and spatial extent of the noise investigations is described in the Standard “In-

vestigations of the Impacts of Offshore Wind Turbines on the Marine Environment” (StUK4, 

BSH 2013) [1]. The BSH measuring instruction [2] describes the general procedure for 

measuring underwater noise in connection with the erection and operation of offshore wind 

farms. 

 

1.2 Objective 

The present measuring specification addresses the characterisation of noise reduction 

measures under water. Beyond the proof that certain guidelines are adhered to, the acoustic 

effectiveness of the noise reduction systems is to be quantified experimentally. 

 

1.3  Field of application and delimitation 

Currently, there is no standard by which the acoustic properties of a noise reduction system 

can be recorded or calculated under water. In this specification, a procedure for determining 

the sound damping in the application of noise reduction measures during the construction 

phase of offshore wind farms is established. 

A procedure for the experimental determination of the acoustic properties of underwater 

sound reducing systems is described. This is based on a measurement of the insertion loss 

in the application of noise control measures on a sound source to be insulated. The use of 

artificial sources of sound and investigations in laboratory conditions are not taken into con-

sideration.  

Procedures with a similar target referring to airborne sound are, for example, described in [6] 

and [7]. A significant difference in the application for underwater noise is that the evidence of 

effectiveness should be conducted not only for selected points-of-interest, but for representa-

tive places of immission for the characterisation of the measure. The insertion loss describes 

the reduction of the sound pressure level, strictly speaking, of the sound intensity level, at the 

same position with and without the application of the measure. There should be a character-
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istic parameter for the noise reduction systems, i.e. it should be independent of source and 

distance. The additional requirement should be fulfilled that the effectiveness of the measure 

can be evaluated subject to depth and direction.  

The sound reduction achieved by means of a noise reduction system depends on the envi-

ronmental conditions (e.g. water depth, type of soil, flow and wind conditions) in addition to 

the correct application of the system. 

 

1.4 General requirements 

Reasonable project-specific or site-related deviations to the procedure described below can 

be agreed upon with the approval authority (BSH). The measuring institutions must have a 

relevant qualification to carry out sound and vibration measurements. This can be proven by 

an accreditation in line with DIN EN ISO/IEC 17025 [9] or a comparable qualification. The 

institutions must produce appropriate proof of suitability. 

 

 

2 Definitions and symbols 

2.1 Terms 

The physical quantities used in this measuring specification are listed in Table 1 together 

with their symbol and SI unit.  

Table 1:  Overview of the quantities and symbols used. 

Size Symbol SI unit Explanatory notes 

Sound pressure p Pa  

Sound velocity c m/s  

Sound power P W  

Sound intensity I W/m
2
  

Sound pressure level Lp  specified in dB 

Sound power level LP, LW  specified in dB 

 

See [2] for the definition and application of level quantities. Also see [2] and section 2.3 of 

this document for the delimitation of measures. 

 

Individual sound events 

A sound event is a physical incident which is determined by acoustic parameters (sound field 

sizes). The term indicates the physical side of the origin of the sound. The perception of 

sound is normally denoted by the term hearing event. 

Individual sound events are of interest in the construction phase of offshore wind farms, in 

particular when using impact hammers of interest. 
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2.2 Level quantities 

The following defined level quantities apply for this measuring specification:   

 Equivalent continuous sound level L
eq

 for continuous sound signals 

 Individual event level L
E
 for impulsive sound signals 

 Peak sound pressure levels L
peak

 for impulsive sound signals. 

The level quantities used are based on the definitions of ISO 1996-1, [3], but are not identical 

to them. In this way, the definition of L
eq

 is made without frequency weighting. In accordance 

with ISO 1996-1, the determination of the peak sound pressure level should be carried out in 

line with IEC 61 672, the definition in this measuring specification is based on signal ampli-

tude. 

 

Equivalent continuous sound level L
eq

 (or average sound level) is defined by 

2
0

2

0
10eq

)(1

log10
p

dttp
T

L

T


  

whereby p(t) represents sound pressure, p
0
 reference sound pressure 1 μPa and T the aver-

aging time1. 

 

Individual event level (also: sound exposure level, SEL) 

The individual event level LE
2 is used for the characterisation of impulsive sounds: 

0

10E log10
E

E
L   

with sound exposure E 

dttpE
T

2

0

)(  

and reference size  

oTpE  2
00  

whereby p
0
 represents the reference sound pressure 1 μPa, T0 the reference time duration, 

and 1s and T the averaging time. The averaging time corresponds to the duration TE of the 

event when evaluating individual events. 

 

Peak sound pressure levels L
peak 

 

This quantity is a mass for sound pressure peaks without time or frequency weighting or av-

eraging 

                                                
1
  In accordance with ISO 1996-1, the equivalent continuous sound level is also denoted by the index 

T LeqT  

2
  It is also common to name the individual event level LE SEL (sound exposure level). 
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0

peak
10peak log20

p

p
L   

whereby p
0
 represents the reference sound pressure 1 μPa and ppeak represents the maxi-

mum established positive or negative sound pressure p
peak

 

 )(maxpeak tpp  . 

 

2.3 Insertion loss 

 In accordance with [5], the insertion loss of a sound obstacle (e.g. by a screen or sound 

damping) with regard to an established point-of-interest describes the decrease in the sound 

pressure level in the same position by inserting the obstacle, 

12 ppp LLD  . 

Here 1pL  denotes the sound pressure level at the place of immission with sound obstacle, 

2pL  denotes those without sound obstacle. 

pD  is to be determined and specified as a frequency-dependent quantity, and in particular as 

a difference in the average level Leq in one-third octave bands. 

In the special case of a freely progressive wave, this decrease in sound pressure level is also 

known as sound attenuation. 

 

2.4  Other measuring quantities and accompanying parameters 

The sea state is to be specified in the sea state scale according to Petersen. 

Wind force data refers to the Beaufort scale. Data on wind speed in metres per second (m/s) 

or knots (kn) are also permitted. 

 

 

3 Measuring equipment 

The hydrophone measuring chain for hydro-acoustic measurements consists of the following 

components: 

 Hydrophone (with pre-amplifier) with a deviation of sensitivity of < 2 dB up to a fre-

quency of 40 kHz, omnidirectional characteristic 

 Analogue high-pass filter (which may be integrated with the amplifier) for limiting the 

low frequency dynamics of the measurement data 

 Measuring front-end (measuringt device) consisting of low-pass filters (anti-aliasing 

filters), amplifiers, A/D converters, and the possibility of time raw data storage 

 Cables, connecting elements, etc. 

 

Analysis software is required for data post-processing and evaluation, which includes the 

following methods: 

 Third-octave analysis. Filters must meet the requirements in [10]  
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 Narrow-band analysis 

 Temporal averaging. 

 

Data post-processing can also be a component of the measurement device. 

The following test equipment, devices, and the possibility of recording sound are also re-

quired: 

 Pistonphone for the checking of the calibration of the hydrophone measurement chain 

before and after each measurement 

 Range finder (laser, GPS) 

 CTD sensors in order to record the data required for the determination of the sound 

velocity profile. 

 

 

4 Calibration 

The measuring institution has to ensure the devices of the acoustic measurement chain are 

calibrated in accordance with manufacturer information. The calibration interval is at most 24 

months. 

The documents required for this in the form of calibration certificates are to be kept available 

on a permanent basis. 

 

 

5 Measurements for the assessment of sound-technical measures/ De-

termination of sound insulation in case of application  

5.1 General remarks 

The distribution of stationary measurement devices is subject to approval in accordance with 

section 2 of the Marine Facilities Ordinance of 23 January 1997 (BGBI. [Federal Law Ga-

zette] I. p. 57), as amended by article 11 of the Ordinance of 21 January 2013 (BGBl. I p. 

95). The requirement for approval exists for the baseline study and for the construction and 

operational phase outside the safety zone and the buoyage of the site. The application of 

stationary devices within the safety zone shall be coordinated with the wind farm operator 

and the approval authority notified. 

 

5.2 Sound source 

The acoustic field with and without shielding during the survey is created using the actual 

source of sound to be shielded. In carrying out the measurement, comparable operating 

conditions for the shielded and unshielded situation should apply: The sound produced must 

be reproducible and be identical for measurements with and without a reduction system.  

The source level of the sound source must be high enough so that a sound pressure level is 

present with or without a reduction measure, which exceeds the background noise level in 

the frequency bands of interest by at least 6 dB, and ideally 10 dB. The background noise is 

to be recorded and documented both with and without a reduction system if the operation of 

the system causes this noise itself. 
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5.3 Environmental conditions 

Measurements must be carried out under the same environmental conditions with and with-

out shielding where possible.  

 Identical operating conditions  

 Similar environmental conditions (weather, sea state, current) 

 Similar background noise (shipping traffic, operating noises, works on far away wind 

farms). 

 

5.4 Chronological order of measurements 

Should the acoustic conditions of the environment be influenced by the reduction system 

even after switching off or removing the reduction system (for example, air dispersed by a 

bubble curtain or long remaining bubbles), then the configuration without reduction system is 

to be measured first, followed by the configuration with reduction. 

 

 

5.5 Measuring positions 

The number and place of the hydrophones depends on the respective question. Example 

configurations are given in chapter 5.6. General requirements are hereinafter described. 

The measuring positions are to be set as follows: 

 Number of hydrophones/measuring positions: 

 At least two hydrophones per direction on two different positions (measuring distance 

described below). At least four hydrophones are to be used (two pairs of hydrophones 

per direction) at different positions with noise reduction systems for which a directional 

dependency (anisotropy) of the effect is to be expected. Such measures are, for exam-

ple, a bubble curtain in the current or measurement configuration with a highly site-

dependent bathymetry. 

 Measuring distance: 

Preferred measuring distance is 750 m, which can be deviated from for operational 

reasons. The measuring distance must not be less than 750 m or exceed 1,100 m. An 

additional hydrophone is to be positioned at the doubled measuring distance (at least 

1,500 m and not more than 2,200 m). 

 Measuring direction: 

Set-up of different hydrophones preferably at an aspect angle of 90° with respect to the 

sound source. This set-upt may be changed for operational reasons, but the deviation 

should not be greater than 30° (for examples of this see illustrations).  

The hydrophone at double measuring distance should be in a radially symmetric direc-

tion of one of the other hydrophones. 

Several depths: Different configurations possible, e.g. near to the soil and in the middle of the 

depths, a hydrophone array. 
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As established in [2], the following points are also to be noticed when distributing and posi-

tioning: 

 The hydrophones are to be positioned 2 to 3 m over the seabed by means of remote 

systems. The selected depth of hydrophone is maintained constant over the whole 

measuring period. 

 When pinstalling the hydrophones, it must be ensured that disruptive structure-borne 

sound transmission is avoided where possible. 

 Alternative measurement set-ups are project-specific and site-specific, agreed upon 

with the approval authority, such as installation of hydrophones at half depth or using 

multiple hydrophones over the depth. 

 

To avoid the misinterpretation of measurement results, for example, due to strong stratifica-

tion of the water and the resulting different sound velocity profiles, alternative distribution 

concepts may be necessary. 

 

5.6 Example configurations 

The objective is to be able to assess the effectiveness of noise reduction systems spatially 

and integrally. It is therefore the task of the acousticiant to determine a suitable configuration 

with representative measurement points. 

 

Figure 1:  Coordinate system. 

 

The following questions must be answered, amongst others: 

a) How can you ensure that similar sound situations, i.e. source levels, are compared with 

each other? 

b) Is the sound radiation dependent on depth? Is there radial symmetry? 

c) Does the system have a radial symmetrical effect? 

d) Is the effect of the system depending on depth? 
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To a) and b): 

To ensure comparability, it is essential to have knowledge of the relevant source level as a 

function of the pile driving energy, pile depth, soil characteristics etc., since the method relies 

on representative noise situations to compare with and without a noise control system. If the 

knowledge is not available, pre-measurements can be made on a pile without noise control 

system. In this instance, comparable time sections are to be used with respect to the source 

level for the actual measurement. 

 

Set-up 1: 

If one is certain that the system has a radial symmetrical effect and is independent of the 

depth, it is sufficient to use two measurement positions in two distances. The measurements 

must be carried out at the same time. The second distance acts as a control as to whether 

the level differences are comparable. If this is the case, an assumption can be made on the 

characterisation of the measure. 

A set-up is displayed in Figure 2, whereby it is symbolised that the hydrophone is positioned 

near to the bed or is in the middle of the water column. With this kind of investigation, the 

positioning of a third hydrophone at an aspect angle of 90 degrees is recommended in order 

to be able to confirm the assumption of radial symmetry. 

 

Figure 2:  Set-up 1: The system has a radial symmetrical effect and is independent of depth. 

 

Set-up 2: 

Should it not be ensured that radial symmetry is present, such as by influences of the cur-

rent, component-related different sound-borne transmission decoupling and thus acoustically 

different byways, this is thus to be tested via measuring positions in different directions, see 

measuring specification set-up in Figure 3. 
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Figure 3: Set-up 2: Checking of anisotropy. 

 
Set-up 3: 

Noise control systems may have different acoustic properties depending on the depth. One 

example is bubble curtains that have a different spatial distribution in bubble size, shape, 

density etc. due to the rise of the bubbles and the acting forces. Furthermore, there may be 

an influence of the prevailing current, which may lead to a change of the acoustic effect. At 

least two hydrophones per depth are to be used for the respective measuring point for the 

assessment of these effects. See Figure 4. 



Figure 4: Set-up 3: Checking of depth dependency. 
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Set-up 4: 

An uncertainty in the determination of the insertion loss is the presense of comparable 

source levels. Here, a possibility of installing a reference hydrophone between the source of 

sound and the system should be checked, see Fehler! Ungültiger Eigenverweis auf Text-

marke.. This only works with spatially extended systems such as the large bubble curtain. 

Another possibility is installing only half of the noise control system for investigation purpos-

es, so as to obtain a control option with/without system. 

 

Figure 5: Source control. 

 

5.7 Functional testing and measuring conditions 

 The function of the hydrophone measurement chain is to be checked before and after 

the measurements with a suitable pistonphone. An appropriate protocol is to be pre-

pared on the testing. 

 The measuring quantities are to be established for the measuring positions specified 

under section 5.8. 

 In as much as parallel to the measurement, noise intensive works or events take place 

(for example, construction works on another wind farm) which are not caused by the 

current procedure, the background noise caused by this are to be recorded and docu-

mented. 

Background noise, such as chain-clanking (anchor chains), chain noise from buoys and 

buoys are to be avoided in the immediate vicinity of the measuring device. It is possible that 

the measurements are distorted by background noise (noise pitching in the sea state, marine 

engines, crew movement etc.). 

 

5.8 Measuring procedure: Measuring quantities and accompanying parameters 

For the conditions listed in section 5.2 of the source sound (with and without noise control 

system) as well as the environmental conditions described in section 5.3 (with and without 

operation of the source sound), the following acoustic measuring quantities in 5.5 are to be 

recorded: 

 Linear (unweighted) sound pressure (time raw data) 
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 The measurement and recording of the sound pressure level has to be carried out in a 

frequency range of at least 10 Hz to 20 kHz.  

The duration of measurement must be long enough to be representative for the respective 

measurement set-up and the sound. The measuring should be carried out under constant 

environmental conditions where possible. Deviations and changes to the measuring time are 

to be documented. 

Documents and accompanying parameters: 

 GPS coordinates 

 Condition of the soil 

 Water depth 

 Pile driving record with pile blow count, pile driving frequency, pile diameter, pile pene-

tration and pile driving energy, and protocol of deterrence. 

 The accompanying parameters are to be agreed upon specific to each project and site 

with the approval authority. 

 The following accompanying parameters can also be taken by the measuring stations 

situated in the vicinity upon agreement with the approval authority: 

 Wind speed and wind direction  

 Water depth 

 Sea state 

 Sound velocity profile 

 Current velocity and direction. 

All factors that may have an influence on sound measurements are to be documented and 

assessed in the measurement reports if necessary. Factors included in this are, for example: 

 Shipping traffic 

 Precipitation noises (especially rain) 

 Thunderstorms 

 Fish (schools of fish, especially in acoustically active swimming bladders) 

 Acoustically active mammals 

 Other sources of sound. 

 

5.9 Data processing 

5.9.1 Analyses 

The following analyses of the measured sound pressure response are required 

 Linear (unweighted) sound pressure level:  

Frequency analysis in third-octave bands of 10 Hz to 20 kHz. A reduction of the fre-

quency ranges to be assessed is possible where necessary upon consultation. 

 Individual values (level quantities) in accordance with section 2.2. 
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5.9.2 Correction for background noise 

If the difference between the sound generated by the source of sound and the background 

noise - including existing disturbing noise - is between 6 dB and 10 dB, a correction will be 

carried out according to equation (1). 

If the difference exceeds 10 dB, no correction is required. If the difference amounts to less 

than 6 dB, the environmental conditions are not acceptable. 

The correction for background noise must be carried out at every measuring point as follows: 

 

 dB1010lg10
1010

,
BGSQ pp LL

ipL   
(1) 

 

where: 

 SQpL  is the sound pressure level in the third-octave bandwidth, measured with active 

source sound with or without noise control system 

 BGpL  is the sound pressure level in the third-octave bandwidth, measured without 

source sound (background noise) with or without noise control system 

 ipL ,  is the sound pressure level of interest (with or without noise control system) is in 

the i third-octave bandwidth. 

 

5.10 Determination of the in-situ insertion loss 

The sound insulation in the application, Dp, in third-octave bands is given for one measuring 

point by the following equation: 

21 ppp LLD   

Included is: 

 1pL the sound pressure level without shielding in the third-octave band, 

 2pL  the sound pressure level with shielding in the third-octave band. 

1pL  and 2pL  time averaged sound pressure levels. 

When averaging over time, caution must be taken to ensure that the same conditions are 

compared, i.e. the number of pulses per averaging period should be the same, for example, 

10 s averaging time with every 5 pulses. For comparability, several time periods should be 

investigated with/without noise control system. 

The time-averaged sound pressure levels must be compared with the respective levels of 

interference in third-octavess for each measurement position. 

The insertion loss is to be determined for each measurement position. 

Furthermore, the insertion losses are to be compared with the positions of the same radial 

angle to ensure that the detected level differences characterise the noise control system. 
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For all positions, the minimum and maximum insertion loss measurements achieved are to 

be identified and the spread in third-octave bands to be represented. 

 

5.11 Sound reduction for individual level quantities 

Similar to the insertion loss in section 5.10, a sound insulation for the individual levels de-

scribed in section 2.2 can also be specified. This is not regarded as reasonable in the appli-

cation case described here, since the single level quantities depend on the source and do 

not characterise the system. These quantities apply only to the individual measuring point 

and measuring distance. 

 

 

6 Data recording 

All data (time raw data) and the data processed and analysed must be kept for further evalu-

ation for a period of ten years, and must be available on demand to pass on to the approval 

authority. The data format must be agreed upon with the approval authority.  

The data transmission to the approval authority shall be performed in Windows PCM WAV 

24-bit resolution, including the accompanying parameters. 

 

 

7 Elaboration of reports 

7.1 Formal information in reports 

7.1.1 Front page 

The front page should at least contain the following information: 

 Title (with name of the project) 

 Report number 

 Name of the company 

 Date of the report, with revision status if necessary 

 Name and address of the client 

 Date of the measurements 

 Place of the measurements 

 Name of employees 

 Information on the total number of pages in the report, including annex 

 The number of pages in the annex should also be given on the title page if the annex 

contains its own numbering of pages. 

 

7.1.2 Invariable information on subsequent pages 

All subsequent pages must contain the following information: 

 Name of the company 
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 Report number 

 Date 

 Page numbering. 

It is not necessary to provide information on the total number of pages on the following pag-

es. 

 

7.1.3 Signatures 

As a rule, the report is signed by the author. 

 

7.2 Content of report 

7.2.1 Subdivision of contents 

The report should include the following structure: 

 Data on the execution of investigations 

 Data on results 

 Assessments. 

 

7.2.2 Requirement for the description of measurements 

When tests were carried out according to established procedures, then the following infor-

mation must at least be contained in the text: 

 Name and description of the measurement structure. 

 Description of the measurement object such as foundation types, pile driving methods, 

and pile driving times. 

 Name of the test specification or description of the test method used. 

 If it is checked "based" on a norm, where the test procedure deviates from the norm is 

to be described. 

 Information which is significant for the testing or repeatability of the testing. 

 Data on the measurements and investigations carried out as well as the results derived 

from them. This data is generally complemented with tables, graphs, sketches and 

photos. It is important to document in particular the extent to which the sound speed 

profile may affect the measurement results. 

 Details of the test equipment used (name, manufacturer, model, serial number) and the 

software used (name, manufacturer, model, revision/change status). 

 In order to trace the effects of test equipment subsequently found to be faulty on test 

results, the serial number of measurement devices or the revision of calculation pro-

grammes must be specified. 

 The use of calibrated measuring devices is to be recorded, as is the note on the check-

ing the function of the hydrophone measurement chain before and after each meas-

urement. 

 Data regarding measurement uncertainty.  
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7.2.3 Requirement for the presentation of results 

The following information is to be named on the diagrams: 

 Measuring object, measuring position 

 Reference sizes 

 Analysis information, third/narrow-band with details of the bandwidth, information on 

the bandwidth conversion if necessary etc. 

 Averaging period 

 Sea state relations, current properties, wind velocity 

 Time and duration of the pile driving as well as pile driving energy from the pile driving 

protocol, time and duration of the soft-starts, time, duration and type of noise reduction 

measures 

 Reference sizes (display of levels) 

 A standardised format is to be used with frequency displays:  

10 dB = 20 mm; 1 octave = 15 mm. 
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9 Updating 

This measuring specification is a component of the Standard “Investigations of the Impacts of 

Offshore Wind Turbines on the Marine Environment (StUK) and is, when required - but not 

later than after two years - compared and possibly updated on the basis of experiences and 

insights gained and that have arisen in the application. 

   

Dr. Andreas Müller       Dr. Carsten Zerbs 

 

 


