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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
______________ 

HIGH VOLTAGE DIRECT CURRENT (HVDC) 
SUBSTATION AUDIBLE NOISE 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical specification when 

• the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

• the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide 
whether they can be transformed into International Standards.  

IEC 61973, which is a technical specification, has been prepared by subcommittee 22F: 
Power electronics for electrical transmission and distribution systems, of IEC technical 
committee 22: Power electronic systems and equipment, with the participation of IEC 
technical committee 115: High voltage direct current (HVDC) transmission for DC voltages 
above 100 kV. 
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The text of this technical specification is based on the following documents: 

Enquiry draft Report on voting 

22F/243/DTS 22F/260/RVC 

Full information on the voting for the approval of this technical specification can be found in 
the report on voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed,
• withdrawn,
• replaced by a revised edition, or
• amended.

A bilingual version of this publication may be issued at a later date. 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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HIGH VOLTAGE DIRECT CURRENT (HVDC) 
SUBSTATION AUDIBLE NOISE 

1 Scope 

This technical specification applies to the specification and evaluation of outdoor audible 
noise from high voltage direct current (HVDC) substations. It is intended to be primarily for the 
use of the utilities and consultants who are responsible for issuing technical specifications for 
new HVDC projects with and evaluating designs proposed by prospective contractors. It is 
primarily intended for HVDC projects with line-commutated converters. Part of this technical 
specification can also be used for the same purpose for HVDC projects using voltage sourced 
converters, and for flexible a.c. transmission systems (FACTS) devices such as static Var 
compensators (SVCs) and static synchronous compensators (STATCOMs).  

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 61672-1, Electroacoustics – Sound level meters – Part 1: Specifications 

IEC 61672-2, Electroacoustics – Sound level meters – Part 2: Pattern evaluation tests 

ISO 1996-2, Acoustics – Description, assessment and measurement of environmental noise – 
Part 2: Determination of environmental noise levels 

ISO 266:1997, Acoustics – Preferred frequencies 

ISO 3740, Acoustics – Determination of sound power levels of noise sources – Guidelines for 
the use of basic standards 

ISO 3743-2, Acoustics – Determination of sound power levels of noise sources; engineering 
methods for small, movable sources in reverberant fields – Part 2: Methods for special 
reverberation test rooms 

ISO 3744, Acoustics – Determination of sound power levels and sound energy levels of noise 
sources using sound pressure – Engineering methods for an essentially free field over a 
reflecting plane 

ISO 3745, Acoustics – Determination of sound power levels of noise sources using sound 
pressure – Precision methods for anechoic and hemi-anechoic rooms 

ISO 3746, Acoustics – Determination of sound power levels and sound energy levels of noise 
sources using sound pressure – Survey method using an enveloping measurement surface 
over a reflecting plane 

ISO 8297, Acoustics – Determination of sound power levels of multisource industrial plants for 
evaluation of sound pressure levels in the environment – Engineering method 

ISO 9613-1, Acoustics – Attenuation of sound during propagation outdoors – Part 1: 
Calculation of the absorption of sound by the atmosphere 

IEC 60076-10, Power transformers – Part 10: Determination of sound levels

IEC 60076-10-1, Power transformers – Part-10-1: Determination of sound levels – Application guide




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ISO 9613-2, Acoustics – Attenuation of sound during propagation outdoors – Part 2: General 
method of calculation 

ISO 9614-1, Acoustics – Determination of sound power levels of noise sources using sound 
intensity – Part 1: Measurement at discrete points  

ISO 9614-2, Acoustics – Determination of sound power levels of noise sources using sound 
intensity – Part 2: Measurement by scanning 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 Sound and noise terms 

3.1.1  
sound 
any pressure variation in air, water or other elastic medium 

Note 1 to entry: Sound is expressed as sound pressure, sound intensity or sound power (see 3.1.3). 

Note 2 to entry: In this technical specification, the medium is assumed to be air. 

3.1.2  
sound waves in air 
traveling sound pressure fluctuations 

3.1.3  
sound pressure 
p 
fluctuating pressure superimposed on the static pressure 

Note 1 to entry: Sound pressure is expressed in pascal. 

Note 2 to entry: Sound pressure is usually expressed through the use of a decibel scale, as sound pressure level 
(see 3.1.4). 

3.1.4  
sound pressure level 
Lp
logarithm of the ratio of the r.m.s. value of a given sound pressure to the reference sound 
pressure  

( )
( ) 

















==

02
0

2
lg20lg 10 p

p
p
p

pL  

where: 

p  is the measured r.m.s. sound pressure in pascal;  

p0  is the reference r.m.s. pressure of 2 × 10–5 pascal, which corresponds to the 0 dB as
threshold of audibility. 

Note 1 to entry: lg(x) means the 10th logarithm of x; this convention is used throughout the document. 

Note 2 to entry: The sound pressure level (Lp) is expressed in decibels (dB).

Note 3 to entry: Sound pressure level is measured with sound level meters, which normally incorporate a 
frequency-weighting filter. For further details see 3.2.3.  
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Note 4 to entry: Since the sound level distribution measured around sound emitting objects is usually non-uniform 
it is normally necessary to assess sound levels on spatial average figures gained from several measuring positions 
rather than on one single discrete position. 

3.1.5  
average sound pressure level 

ApL















=
∑=
N

i

ip
p

L
NL

1

A
A

1,0
101lg 10

where: 

ApL   is the average sound pressure level in dB(A); 

ipL A  is the measured sound pressure level at location i in dB(A), if required corrected for
the influence of background noise; 

N   is the total number of measurement locations. 

Note 1 to entry: The summation of several frequency bands (1/1-octave, 1/3-octave etc.) is performed in a similar 
fashion: 

where: 

TOT A,pL   is the total sound pressure level in dB(A);

)( jP fL is the sound pressure level in frequency band fj in dB(A), if required, corrected for the influence of

background noise; 

N  is the total number of frequency components.

Note 2 to entry: See 3.2.2 for more information on 1/3-octave and 1/1-octave bands. 

3.1.6  
sound intensity 
II 

for a plane propagating sound wave, the sound intensity, II at a given point is defined as

c
pI I ×

= ρ
2

where: 

p   is the r.m.s. value of the measured sound pressure in pascal; 

ρ   is the constant density of air in equilibrium in kg/m3;

c   is the speed of sound in air in m/s. 

3.1.7  
normal sound intensity 
IIn 

,0 1Lp f j( )

1
A,TOT 10lg 1 10

i
p

N
L N =






= ∑ 
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for a plane propagating sound wave, the sound intensity, II at a given point in the normal
direction n is defined as 

c
pI In ×

= ρ
2

where: 

p   is the r.m.s. value of the measured sound pressure in pascal; 

ρ   is the constant density of air in equilibrium in kg/m3;

c   is the speed of sound in air in m/s. 

3.1.8  
sound intensity level 
LI 

expressed in decibels ratio of the sound intensity to the reference sound intensity  











=

0
lg 10 I

I
LI

where, 212
0 Wm101 −−×=I

3.1.9  
normal sound intensity level 
LIn 

ratio of the normal sound intensity to the reference sound intensity  











=

0
lg 10 I

nI
LIn

where, 212
0 Wm101 −−×=I

Note 1 to entry: Normal sound intensity level is expressed in decibel. 

Note 2 to entry: nI  may be negative if there is a sound wave into the enclosing surface, which may happen in the

acoustical near-field. The level is then expressed as – “xx” dB. The equation in 3.1.6 however assumes a plane 
propagating wave in the far-field of a sound source, in the direction defined as positive. 

3.1.10  
sound power 
W 

rate at which sound energy is radiated by a source 

Note 1 to entry: Sound power is a scalar quantity and is expressed in watt. 

Note 2 to entry: The total sound power is defined as: 
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AdI
A

W ∫=

where: 

A  is a closed surface of integration; 

I is the vector of sound intensity on an elementary surface Ad .

3.1.11  
sound power level 
LW 







=

0
lg 10

W
W

WL

where:  

W is the emitted sound power in watt; 

0W is a reference sound power of 12101 −× W and corresponding to 0 dB as the threshold 
of audibility. 

Note 1 to entry: The sound power level is expressed in decibel. 

Note 2 to entry: The A-weighted sound power level (LWA) of an object may be determined from the surface sound

pressure level (LpA) according to ISO 3744.






+=
0

A  lg 10A S
SLL pW

where: 

S  is the area of the “measurement surface” enclosing the object (in m2);  

S0 is a reference area of 1 m2. 

Note 3 to entry: The sound power within an enclosing surface is independent of the distance to the sound source, 
but the sound pressure depends on the distance, reflections etc. 

3.1.12  
sound propagation 
for hemispherical propagation over a reflecting plane, the sound pressure level at a given 
point depends on the distance from the source, the source sound power and the geometry 
involved as expressed by the following equations 

)2( lg 10 2rwLpL π−=

or alternatively 

 )( lg 20  )2( lg 10 rwLpL −−= π

Note 1 to entry: This expression is sometimes called “the law of distance” in acoustics, when dealing with sound 
propagation from stationary sources. The law of distance implies that the sound pressure level decreases by six 
decibels (6 dB) for each doubling of distance from the sound source, provided that the measurements are 
performed in the far-field of the sound source. The boundary of the far-field depends among other things on the 
size of the sound source, the spatial complexity of the sound field and on the radiated frequency. For example; for 
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a large transformer, the far-field may begin at a distance of 30 m from the transformer. For a small reactor which 
radiates sound at e.g. 1 kHz, the far-field may begin at a distance of 5 m. 

The law of distance is strictly speaking only valid for point sources. Many sources can however be treated as point 
sources at a sufficient distance from the source. Care must however be taken when applying the formula on real 
sources. 

3.1.13  
noise 
unwanted sound 

3.1.14  
audible noise 
unwanted sound with frequency range from 20 Hz to 20 kHz 

3.2 Sound radiation terms 

3.2.1  
directivity of sound radiation 

Q
r

WLpL
24 lg 10 π−=

where: 

pL  is the sound pressure level at distance r from the sound source; 

WL is the sound power of the sound source; 

r is the distance between the source and the receiver; 
Q  is the directivity factor of the sound radiation, e.g. 

Q =  1 for spherical sound propagation (see Figure 1); 

Q =  2 for hemispherical sound propagation (see Figure 2); 

Q =  4 for quarter spherical sound propagation (see Figure 3). 

Note 1 to entry: The directivity of sound radiation may also be expressed in decibel and is then called directivity 
index (DI) which is defined by 

QDI  lg 10=

For example, for Q = 2 ⇒ DI = 3 dB, or for Q = 4 ⇒ DI = 6 dB.

Note 3 to entry: The directivity index is a correction index (dB-adder) which quantifies the deviation of the sound 
propagation from uniform spherical spreading. The sound pressure level may then be calculated from: 

24 lg 10 rDIWLpL π−+=

3.2.2  
sound measurement filters 
standard filters used for sound measurement equipment and measuring the total level of 
sound pressure in a defined frequency band 

Note 1 to entry: Usually “1/1-octave” or “1/3-octave” filters are used for these measurements. One 1/1-octave 
band contains three 1/3 octave bands. For example, the 31,5 Hz 1/1-octave band contains the 25 Hz,  31,5 Hz and 
40 Hz 1/3-octave bands. 

The top ( 1f ) and bottom ( 2f ) clause frequencies of the filter are related as follows:
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12 2 ff a=

where:  

a is 1 for the “octave” filter;  

a is 1/3 for the “1/3 octave” filter. 

The centre frequencies of the filters to be used should meet applicable standards (see ISO 266, [11]). 

3.2.3  
A-weighting sound pressure level 
A-weighted sound pressure level  
incorporating the sound level measurement, is a frequency-weighting filter which differentiates 
between sounds of different frequency in a similar way to the human beings. It is expressed in 
dB (A) 

A-weighted integrated sound pressure level, LpA or LAeq  is given by

( ) ( )
2
1

0

2
A

AA
0

1

lg 20eq p

T
tdtpT

LLp













∫⋅

==

where 
T is the averaging time interval; 

pA(t) is the A-weighted instantaneous sound pressure; 
p0  is the reference sound pressure. 

Note 1 to entry: There are other frequency weightings, for example ”C-weighting”, “D-weighting” etc. Measurements 
in dB (A) generally agree with people’s assessment of “loudness.” For more information about sound level meters 
and A-weighting see IEC 61672-1 and IEC 61672-2.  

3.2.4  
reflecting plane 
any surface which fully reflects sound 

3.2.5  
principal radiating surface 
hypothetical surface surrounding the test object, which is assumed to be the surface from 
which sound is radiated 

3.2.6  
prescribed contour 
horizontal line on which the measuring positions are located and spaced at a defined 
horizontal distance (the "measurement distance") from the principal radiating surface 

3.2.7  
measurement surface 
hypothetical surface enveloping a sound source, on which the measurement points are 
located ,and terminating on one or more reflecting planes 

3.2.8  
measurement distance 
X 
horizontal distance between the principal radiating surface and the measurement surface 

___________ 
1  Numbers in brackets refer to the Bibliography. 
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3.2.9  
background noise 
sound pressure level with the test object inoperative 

Note 1 to entry: In this case, the test object can be the whole HVDC substation or a single component. 

3.3 Acoustic fields 

3.3.1  
acoustic near field 
region of space within a fraction of a wavelength away from a sound source 

Note 1 to entry: According to this definition, the outer boundary of the near-field region varies inversely with 
frequency. In the near field, pressure fluctuations are typical and the sound pressure p and the particle velocity 
shows an arbitrary phase difference. 

For the site location of and the frequencies emitted by an HVDC substation, the sound measurements are normally 
performed in the acoustic far field. Sound measurement in the near-field of structural sound sources is difficult in 
HVDC substations, since 

– for safety reasons it is prohibited to access energized equipment like capacitor banks and air cored reactors;
and  

– it is also prohibited to access the top of the transformers while energized.

With regard to air-cored reactors considerations must be given to the influence of the magnetic field on the test 
equipment. 

3.3.2  
acoustic far field 
region of space when, in the far field, the sound pressure and the particle velocity are almost 
in phase and show approximately plane sound wave propagation 

Note 1 to entry: Since the plane sound wave propagation is a good approximation of spherical wave conditions in 
the far-field , it can be used as the best engineering approach for sound measurements. For further details, refer to 
ISO 9614-1 and ISO 9614-2. 

4 Environmental influences 

4.1 General 

When sound is emitted from a source with a certain sound directivity, the surrounding 
environment influences how the sound propagates and is perceived over distance [2, 3]. This 
clause describes those environmental influences, namely "background noise", "topography" 
and "meteorological conditions". Above all, meteorological conditions have a significant 
influence on sound propagation over large distances (of order hundreds of meters).  

4.2 Directivity of sound radiation 

The simplest method to predict sound propagation (and one which is still frequently used) is 
to assume that the sound emitting source has a uniform pattern of sound radiation following 
the hemispherical spreading theory (see Figure 2). 

However, some sound-emitting sources or groups thereof show a distinct directivity of sound 
radiation, which needs to be considered in the HVDC substation layout. Other effects, such as 
screening, reflection and absorption may also be included in sound propagation 
considerations. 

The directivity of sound radiation may also be expressed in dB and is then called directivity 
index (DI) which is defined by: 

QDI  lg 10= (1) 
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For example,  for Q = 2 ⇒ DI = 3 dB, or 

for Q = 4 ⇒ DI = 6 dB 

The directivity index is a correction index (dB-adder) which quantifies the deviation of the 
sound propagation from uniform spherical spreading. The sound pressure level may then be 
calculated from: 

24 lg 10 rDILL Wp π−+=   (2) 

LW
r LP

IEC   548/12 

Key 

)4lg(10 2rLL WP π−=

PL is the sound pressure level (dB rel. 20 μPa); 

WL is the sound power level (dB rel. 1 pW); 

)4( 2rπ is the surface area of sphere (m2). 

Figure 1 – Spherical spreading in a free-field from a point source 

4.3 Background noise 

In the situation where a specific noise is heard or measured at a given measuring point, 
background noise is the sound which is still heard at the point substation when the specific 
noise stops. As shown in Figure 4, the specific and background noise levels together give the 
total measured level.  

At a proposed location for an HVDC, there background noise will always exist. Since 
background noise is a combination of man-made and natural sounds, each noise source may 
produce noise either during the day or night, or at some particular time. Therefore it is 
important to recognize the difference in the background noise at different times. Generally 
speaking, background noise levels are usually lowest when human activities are at a 
minimum, i.e. between midnight and 4 a.m. 

It is most important to consider the background noise level when it is close to the regulatory 
maximum or is equal to the total measured sound level. 
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r 

LW 

LP 

IEC   549/12 

Key  

)2/4lg(10 2rLL WP π−=

where; 

PL is the sound pressure level (dB rel. 20 µPa); 

WL is the sound power level (dB rel. 1 pW); 

)2/4( 2rπ is the surface area of 1/2 sphere (m2). 

Figure 2 – Hemispherical spreading from a point source 

LP

LW

r

IEC   550/12 

Key 

)4/4lg(10 2rLL WP π−=

where; 

PL is the sound pressure level (dB rel. 20 μPa); 

WL is the sound power level (dB rel. 1 pW); 

)4/4( 2rπ is the surface area of 1/4 sphere (m2). 

Figure 3 – Quarter-spherical spreading from a point source 
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It is desirable to measure the background noise level for a predetermined HVDC site before 
its construction so as to confirm whether the level is close to the regulatory maximum or not. 
Once a substation has been built, and if the difference between the background noise level 
and the total measured level is less than 10 dB, it is important to consider the influence of the 
background noise when measuring. It might be impossible to determine the specific noise 
level accurately, even if the total measured level can be corrected. 

Emitting 
source 

Specific noise 

Background 
noise 

Total measured level 
= specific noise + background noise 

IEC   551/12 

Figure 4 – Explanation of specific and background noise 

NOTE See 10.3.3 for details on background noise. 

4.4 Topography 

The topography surrounding HVDC substation sites differs, e.g. some may be located close to 
the sea, some may be in the mountains or valleys and others may be in the plains. 
Topography influences sound propagation. Especially noticeable are the reflection, 
absorption, screening and attenuation of sound by land features, such as mountains, and the 
ground itself. In addition, when there is a difference in altitude between from the substation 
site and the chosen measuring point, the sound propagation will be different from the situation 
where they are at similar altitudes. 

For instance, in Figure 5, there is a hill, which reflects sound, and low ground, which is in the 
shadow of the sound. Here sound attenuation will vary from place to place even if the 
distance from the source is the same. It is also important to be aware that the amount of 
surface reflection or absorption depends on the surface characteristics. 

Emitting 
source 

Hill 

Low 
ground 

IEC   552/12 

Figure 5 – Example of reflecting hill and low ground 

As shown, low ground is a plane below the emitting source. 

Therefore, when an accurate calculation of the sound emitted by a HVDC substation is 
required, it is important to take into account not only the topographical conditions, but also the 
ground-cover, such as forest, rocks, grassland etc. 
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However, when the land is basically flat and the groundcover is uniform and low-level, it is 
usually sufficient to calculate the attenuation over distance without detailed consideration of 
the sound propagation variation caused by topography. 

4.5 Meteorological conditions 

Over large distances, sound propagation through air can be influenced by meteorological 
conditions such as wind, temperature, rain, fog, and snow. In particular wind and temperature 
have a great impact on sound propagation. Therefore careful attention to meteorological 
conditions must be paid while measuring sound at the substation site. 

a) Impact of wind speed and direction
The wind velocity near the ground is usually lower than at higher altitude because of
frictional resistance. The sound is refracted as shown in Figure 6 because the sound
velocity is the vector summation of the wind velocity and the original sound velocity.
Therefore there is a difference between the sound propagation on the downwind side and
on the upwind side.

Emitting 
source 

Wind 
velocity 

IEC   553/12 

Figure 6 – Example of sound refraction with the shown wind gradient 

For example, if there is a strong prevailing wind in the area selected for an HVDC 
substation, sound levels will be lower on the upwind side than on the downwind side. 
Careful consideration of this may enable optimization of the design of the substation 
layout and soundproofing equipment (N.B. If measurements are made on a windy day, it 
should be remembered that wind-induced noise on the microphone would produce so-
called self-noise, which may be reduced by using a windscreen mounted on the 
microphone). 

b) Impact of temperature gradients
Heated or cooled ground may cause vertical temperature gradients in the atmosphere,
which may have a strong effect on sound propagation because sound travels faster in
warm air than in cold (see Figures 7 and 8).
Consequently, sound attenuation for an observer at ground level is reduced for the
condition shown in Figure 8. This phenomenon usually occurs at night.

Low  
temperature 

Emitting 
source   

IEC   554/12 
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Figure 7 – Sound travels faster near the ground 

High 
temperature 

Emitting 
source 

IEC   555/12 

Figure 8 – Sound travels slower near the ground 

c) Impact of atmospheric conditions (temperature, humidity, and pressure)
A sound wave propagating through air loses its intensity as the air absorbs its energy. The
viscosity of the medium and the relaxation phenomenon of oxygen (O2) and nitrogen (N2)
molecules mainly cause the absorption. On the whole attenuation is so small that it is
negligible at lower frequencies, but it becomes quite large at higher frequencies (see
9.3.2.2 on atmospheric absorption).

d) Impact of rain, fog, and snow
Sound is sometimes carried further on a rainy or foggy day. The main reason is not the
acoustic properties of rain or fog, but instead the effect of a temperature gradient or wind
which accompanies this weather (see Figures 7 and 8). Experimental evidence has shown
that the attenuation of sound by rain or fog is relatively small.
On the other hand, a surface covered with new-fallen snow has a high absorption
coefficient for sound, and the attenuation is significant. Conversely, background noise
levels are increased by the sound of falling raindrops on a rainy day.

e) Typical example data
Typical changes in sound attenuation caused by meteorological conditions are as follows:

• Up to 20 dB (A) lower sound levels when measured upwind as compared to measured
when there is no wind.

• The effect of low or moderate wind velocities overrides the effect of even large
temperature gradients.

• It is difficult to measure noise levels below 40 dB (A) correctly when wind velocity
exceeds 3-4 m/s. This upper limit of wind velocity may be increased by the use of a
windscreen, but the difference is normally only in the order of a few m/s.

• Large difference between dry and moist ground at low frequencies (10 dB (A) lower
sound level on moist ground at 63 Hz).

Meteorological conditions may be different from one day to the next and from one area to 
another, so it is necessary to consider the influence of these conditions on sound propagation 
very carefully. 

5 Noise level limits 

5.1 General 

No general international standards exist, such as ISO or IEC, which state noise emission level 
limits specific for substations. Different countries have local noise regulations. In general, 
these regulations are similar but for each case they may require separate consideration. 

In almost all countries, there are however public regulations or recommendations for 
environmental sound. These sometimes include measurement methods to be used for 
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verification. Such requirements or recommendations are established by federal or regional 
authorities and normally specify maximum allowable noise levels for various classifications of 
land use. There are also different frequency weightings of the sound such as A-weighting and 
C-weighting. 

5.2 Regulations 

5.2.1 Noise level limits 

The only international noise standard on environmental noise descriptions and measurement 
methods in existence today is ISO 1996-2. However, standards for determining the sound 
level of specific equipment like power transformers (e.g. IEC 60076-10 and/or 
IEC 60076-10-1) and methods for determination of sound pressure and sound power levels 
(e.g. ISO 3746) do exist. IEC 61672-1 and IEC 61672-2 specify sound level meters. 

From a regulatory point of view, environmental noise level limits are often related to land use 
classification and not to a specific distance from an audible noise source such as an HVDC 
substation. In cases where noise level limits are given at specific distances it is normally due 
to a more suitable verification procedure which is specified by the customer or the local 
planning authority. Furthermore, it may also be necessary to define more than one set of 
limits to cover different operating conditions. 

Existing federal or regional regulations can be divided into two main approaches. 

• Maximum allowed A-weighted sound pressure levels for different land-use classifications,
including background noise.

• Maximum allowed increases over existing background noise.

• There may also be combinations of A-weighting and C-weighting, e.g. the C-weighted total
sound level may not exceed the A-weighted total sound level by more than 15 dB.

Some of the regulations do not define a sound level limit for an entire area. For instance they 
give a limit at the border of properties. In areas with low background noise levels, the first 
approach is reasonable but in areas with high background noise levels the second approach 
would be more reasonable. 

5.2.2 Noise level measurement 

Existing regulations specify applicable conditions for an acceptable measurement. For further 
details, see 12.1. 

5.3 Land-use classifications 

Most human activities produce sound. This sound is emitted into the surroundings and may 
disturb human conversation or sleep. Therefore, most countries have legislation or guidelines 
on acceptable noise levels. 

If the sound was suppressed at source, there would be no noise problem. The cost of 
suppression may however be disproportionately high for the benefit gained, and it is sometimes 
difficult to suppress the sound at its source, e.g. mobile sources such as airplanes. 

Therefore land use is classified and, where possible, noisy sources are concentrated in one 
place away from residential and recreation areas. The site proposed for an HVDC substation 
and its surroundings may currently be in use for some other purpose, such as industry, 
recreation, farmland, or open-land. In each area, sound level limits are often specified in local 
legislation or regulations, which may be based on land-use classifications. 

When the site for an HVDC substation is selected, it is necessary to examine the land use and 
sound level regulations in advance, so as not to encounter problems once construction is 
under way, or at any time in the future. In a residential area, it is especially necessary to 
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understand the life and expectations of the future neighbors of the substation. It should also 
be recognized that the existing background noise level may be the result of land use 
regulations currently in effect. 

5.4 Location of required performance limits 

5.4.1 General 

The boundary or location where the required noise performance limits shall be defined should 
follow the country’s regulation. The locations where the required noise limits shall be fulfilled 
as well as their advantages and disadvantages are described below. 

5.4.2 At the fence surrounding the HVDC substation or at the border of the 
substation owner’s property 

Advantages Disadvantages 

• Less affected by background
noise.

• Less impact on measurement
from weather conditions.

• Less affected by surrounding
topography and groundcover.

• Verification at location where nuisance
typically does not affect people.

• May influence the substation layout
unnecessarily.

• More complicated and time consuming
verification due to interference phenomena
of the sound field.

• Higher cost because the contractor may
have to take actions to lower the radiated
noise which, due to interference
phenomena, has very pronounced maxima
of the noise close to the substation.

 

5.4.3 At the given contour away from the HVDC substation (e.g. on a circle perimeter 
or beyond a property border line) 

Advantages Disadvantages 

• Simplified prediction of the
noise levels compared to
predictions close to the fence.
The reason is that the
substation may be treated as a
point source (see 9.3).

• Verification at location where nuisance may
not affect people.

• Affected by background noise, weather
conditions, topography and groundcover.

5.4.4 At the border of a nearby property  

Advantages Disadvantages 

• Verification at locations where
real nuisance can exist.

• Corresponds to regulations for
outdoor audible noise.

• Simplified prediction of the
noise levels.

• Difficult to perform verification fulfilling all
measurement conditions at the same time,
i.e. the meteorological conditions.

• Need access to private property.

• Affected by background noise.

Of course, in the future, houses may be built on previously uninhabited land. The local 
planning authority may be able to advise regarding known developments. Otherwise, future 
housing developments should take into account the existing noise climate, including the 
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operational HVDC substation, when planning their development layout and considering 
landscape options. 

5.5 Relationship of performance limits to time duration 

In general, noise from an HVDC substation is continuous, but there are some noise sources of 
the substation, which produce impulsive noise, such as circuit breakers and disconnectors. 
Critical features of impulsive noise include: 

– peak noise level;
– time duration;
– time of day;
– frequency of occurrence;
– regularity (the same tone every day may be worse than variable tones);
– single tones;
– time variation of noise impulse.

Equation (15) provides a method of evaluating impulsive noise as an equivalent continuous 
level. Many federal and regional authorities specify noise limits for daytime as well as night 
time. 

In many cases, the limits dictated by safety regulations for the working staff are probably most 
significant for impulsive noise. 

5.6 Typical noise performance limits 

5.6.1 General 

Before giving typical noise performance limits, it is important to recognize that the cost 
implication of changing the noise performance limits may be significant, even if the change is 
only a few dB (A). 

As stated earlier in this clause, there are no international standards setting limits. However, a 
review of several national or regional regulations shows that there are two ways of specifying 
noise performance limits. These two ways are presented below. 

5.6.2 Specific A-weighted sound pressure levels 

Outdoor sound pressure levels are normally divided into a number of categories related to 
land use classification. Please note that local regulations in the same country may differ. 
Typically the following apply (only night time values are given): 

– Working premises where industrial noise is not generated: < 50 dB (A) – 70 dB (A)
– Residential areas, education premises and hospitals: < 40 dB(A) – 55 dB (A) 
– Recreation areas: < 35 dB (A) – 45 dB (A) 

The requirements are typically more stringent if dominant single tones exist. A definition of a 
single tone is then given in each regulation. In case of dominant single tones, the levels given 
above may be decreased. 

5.6.3 Maximum allowable increase over background noise levels 

It is hard to give specific examples of maximum allowable increase over background noise 
levels because the span of required levels is quite wide. However, a range of allowable 
increases over existing noise levels appears to be 0 dB (A) to 7 dB (A). This form of 
specification is generally used at the boundary of a property considered sensitive to 
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background noise. These allowable increases are also normally reduced if single tones are 
present.  

A method for distinguishing the background noise from substation noise is proposed in Annex 
A.  

6 Sound emitting sources 

6.1 General 

The purpose of sound requirements is to limit the level of noise emitted into the area 
surrounding an HVDC substation. This goal is accomplished by the contractor identifying the 
noise management required. 

Efficient noise management requires an understanding of the acoustic behavior of each 
sound-emitting component, as well as knowledge of the relative acoustic strength of each of 
these sources. The target is to break down the audible noise requirement for the complete 
HVDC substation to the component level to allow the verification of the audible noise level in 
the laboratories of the component manufacturers. Once all the components have been 
installed, it is almost impossible to correctly determine the noise contribution of each 
individual component.  

In this clause, the major sound emitting sources of an HVDC substation are introduced and 
the acoustic behavior of each source is discussed briefly. The most prominent components 
are: 

– converter transformers;
– reactors;
– capacitors;
– cooling fans.

Other sources may contribute to the overall noise level, for instance: 

– switching devices;
– cooling circuit pumps;
– synchronous compensators;
– outdoor valves;
– diesel generators;
– air conditioning plant;
– air compressors;
– corona discharge sources.

This clause describes the main parameters which affect each component's sound power. The 
correlation between sound power and sound pressure is explained in Clause 3 and Clause 10. 

6.2 Converter transformer  

6.2.1 Noise sources in a converter transformer  

The converter transformer has the highest sound power of any single component in an HVDC 
substation and is therefore an important part of the audible noise considerations [4].  

The noise from an HVDC converter transformer is generated by three sources: 

– magnetic core (noise generated by magnetostriction and joints);
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