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Qualifying and quantifying offshore 
wind farm-generated noise

Alain Norro, Dick Botteldooren, Luc Dekoninck, Jan Haelters, Bob Rumes, 
T im othy Van Renterghem and Steven Degraer

The construction, operation and d ism antling of o ffshore 
w ind  farm s generate noise both above and under w a te rth a t 
may be of environm ental concern.The m axim um  detected 
sound pow er level o f the  above w a te r pin piling noise fo r 
exam ple, reached 145 dB(A), w h ile  the  operational sound 
pow er level am ounted to  105-115 d B (A) at high w ind  speed. 
U nderw ater construction noise w as close to  am bient 
noise levels fo r gravity based foundations (about 115 dB re 
1 pPa RMS), w h ile  pin piling and especially m onopile piling 
produced excessive levels of underw ater noise up to  
194 dB re 1 pPa (zero to  peak level at 750m), attenuating to  
am bient noise levels at a d istance of up to  70 km. W he the r 
or not such noise levels are to  be considered acceptable 
w ill depend on the  fu tu re  im p lem enta tion  of proposed 
regulations into the  Belgian legislation.

INTRODUCTION
In th e  past decade , th e  po ten tia l 
Im pac t o f u n d e rw a te r no ise  p o llu tion  
has been Increas ing ly  recogn ised  at 
th e  In te rna tiona l level, w ith  severa l 
In te rg o ve rn m e n ta l bod ies, Inc lud ing  
th e  UN G enera l A s s e m b ly  and th e  UN 
C onven tion  on M ig ra to ry  S pecies, ca lling 
fo r m u ltila te ra l e ffo rts  to  m in im ize  th e  
risk o f adve rse  e ffe c ts  on th e  m arine  
e n v iro n m e n t. (European Parliam ent, 
2004) (M a rine  M a m m a l C o m m iss io n ,
2007) (In te rna tiona l Fund fo r A n im a l 
W e lfa re , 2008), (In te rna tiona l M a ritim e  
O rgan isa tion , 2009), A t th e  European 
level, th e  n e w  EU M arin e  S tra te gy  
F ram ew ork  D ire c tive  has Iden tified  
no ise  as one o f th e  p re ssu re s  th a t need 
to  be co n tro lle d  to  ach ieve th e  'good  
e n v iro n m e n ta l s ta tu s ' o f European 
m arine  w a te rs  (A no n ym o u s , 2012a). The 
Belg ian part o f th e  N orth  Sea (BPNS) 
h o s ts  n u m e ro u s  hum an  a c tiv itie s  
g en e ra tin g  no ise , Inc lud ing  sand and

gravel e x tra c tio n , th e  Ins ta lla tion  o f 
p ip e lin e s  and cab les, m ilita ry  exe rc ises  
as w e ll as In tense  sh ipp ing . A s a rece n t 
ac tiv ity , o ffs h o re  w in d  fa rm  co n s tru c tio n  
and o p e ra tio n  n o w  c o n tr ib u te  to  th e  
hum a n -in d uce d  no ise  In th e  BPNS.

Four d iffe re n t phases, each w ith  sp e c ific  
n o ise  e m itte d , shou ld  be d is tin g u ish e d  
d u ring  a w in d  fa rm  life cyc le  (N edw e ll 
and H ow e ll, 2004): (1) th e  re fe rence  
s itu a tio n  b e fo re  th e  s ta rt o f th e  
co n s tru c tio n , (2) th e  c o n s tru c tio n  phase, 
(3) th e  ope ra tiona l phase and (4) th e  
d is m a n tle m e n t phase. N o ise  e m iss io n s  
a ssoc ia ted  w ith  th e  co n s tru c tio n  phase 
Inc lude  e.g. Increased sh ip p in g  tra ffic , 
d red g in g  a c tiv itie s , cab le  tren ch in g , th e  
Ins ta lla tion  o f th e  sco u r p ro te c tio n  and 
p ile  d riv ing . D uring  th e  ope ra tiona l phase 
o f a w in d  fa rm , va rious  k inds o f lo w e r 
level, y e t ch ron ic  (at least 20 years), 
no ise  Is e xp e c te d  to  p ropaga te  above

and under w a te r, a m ong  w h ic h  m ach ine  
no ise , se lf no ise  ge n e ra te d  by th e  b lades 
passing th ro u g h  th e  air, no ise  due  to  
In flo w  tu rb u le n ce  and no ise  g enera ted  by 
v ib ra tio n  o f th e  tu rb in e  p ropaga ting  In to 
th e  w a te r  th ro u g h  th e  fo u n d a tio n . No 
In fo rm a tion  Is availab le a b o u t th e  no ise  
du ring  th e  w in d  fa rm  d ism a n tlin g  phase 
as th is  a c tiv ity  has y e t to  take  place.

This ch a p te r fo c u s e s  on th e  qua lifica tio n  
and th e  q u a n tif ic a tio n  o f w in d  fa rm  
ge n e ra te d  no ise  bo th  above and under 
w a te r  d u ring  th e  co n s tru c tio n  and 
ope ra tiona l phase.
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MONITORING STRATEGY
Above water noise
The above  w a te r  o r a irb o rn e  n o ise  leve l g e n e ra te d  by th e  
h a m m e r d u rin g  a p in  p ile  p iling  e v e n t (jacket) w a s  m e a su re d  
a t a s h o rt d is ta n c e  (at a b o u t 28 4  m). The  s o u rc e  p o w e r leve ls  
o b ta in e d  fro m  m e a s u re m e n ts  d u rin g  p iling  w e re  used  to  
e s t im a te  th e  Im p a c t d is ta n c e  o f c o n s tru c t io n  a c t iv it ie s  In 
th e  v ic in ity  fo r  d if fe re n t m e te o ro lo g ic a l c o n d it io n s  u s ing  th e  
pa rab o lic  e q u a tio n  n u m e ric a l te c h n iq u e  (D e ko n in ck  and Van 
R e n te rg h e m , 2012).
S ou rce  p o w e r m e a s u re m e n ts  o f th e  o p e ra tio n a l phase  o f 
an o ffs h o re  tu rb in e  are  p ro b le m a tic  du e  to  th e  In s tru m e n t 
u n fr ie n d ly  c o n d it io n s . Tw o a p p ro a ch e s  w e re  te s te d . A t 
th e  o ne  hand, m e a s u re m e n ts  w e re  m ad e  fro m  a RH IB at 
v a rio u s  d is ta n c e s  o f th e  w in d  fa rm  and a t th e  o th e r  hand, 
c o n tin u o u s  n o ise  m o n ito r in g  w a s  s e t up on th e  p la tfo rm  o f 
an o p e ra tio n a l tu rb in e . M e a s u re m e n t c o n d it io n s  In a RHIB 
are h ig h ly  lim ite d  du e  to  s a fe ty  Issu e s  fo r  th e  p e rs o n s  on 
board  (w ave  he ig h t) and d ue  to  th e  d is tu rb in g  n o ise  o f 
w a v e s  b rea k in g  a g a in s t th e  RHIB. W in d  tu rb in e s  at h igh 
p ro d u c tio n  and h e n ce  h igh  n o ise  e m is s io n  c o n d it io n s  ca n n o t 
be m o n ito re d  w ith  th is  te c h n iq u e , b u t a g ood  re fe re n c e  fo r  
th e  o ffs h o re  backg ro u n d  n o ise  le ve ls  co u ld  be e s ta b lis h e d . 
O ne  o f th e  re m a rk a b le  f in d in g s  w a s  th e  p re s e n c e  o f lo w  
fre q u e n c y  b a ckg ro u n d  n o ise  re la te d  to  e n g in e s  o f la rge  
sh ip s  at long  d is ta n c e . Long te rm  m e a s u re m e n ts  a t th e  
w in d  tu rb in e  p la tfo rm  o f a 5 M W  tu rb in e  o f C -P o w e r (at 
a p p ro x im a te ly  15 m  above  th e  w a te r  s u rfa c e  and at a 
m in im u m  30  m  d is ta n c e  fro m  th e  b lade  tip ) p ro ve d  to  be a 
u se fu l te c h n iq u e  to  e va lu a te  th e  n o ise  e m is s io n  o f a w in d  
tu rb in e  In o p e ra tio n a l c o n d it io n s .

Underwater noise
B efo re  th e  co n s tru c tio n  th e  background or a m b ie n t no ise , 
w ith  bo th  a natura l and a hum an Induced c o m p o n e n t (eg. 
sh ipp ing , rain, w a v e s ...), w a s  m easu red  at th e T h o rn to n b a n k  
and th e  B llgh Bank re sp e c tive ly  by H e n rie t e t al. (2006) and 
by H ae lte rs  e t al. (2009). C o n s tru c tio n  and ope ra tiona l no ise  
w e re  m easu red  at bo th  th e T h o rn to n b a n k  and th e  B llgh Bank. 
Real t im e  no ise  reco rd in g s  o f m a x im u m  20 m in u te s  each 
w e re  p e rfo rm e d  fro m  a RHIB d riftin g  In s ile n t m od e  w ith  a 
Brüel &  Kjæ r hyd ro p h o n e  (type  8104) dep loyed  at 10 m  dep th . 
A  Brüel &  Kjæ r a m p lifie r (N exus ty p e  2692-0S 4) a llo w e d  fo r 
an a m p lifica tio n  o f th e  s igna l, p rio r to  Its reco rd ing  w ith  an 
M A R A N TZ  Solid  S ta te  R ecorde r (type  P M D 671), ope ra te d  at 
th e  h ig h e s t poss ib le  sa m p ling  ra te  o f 44 .100  Hz. A ll s igna ls  
reco rded  w e re  p o s t-tre a te d  fo r  d e te c tin g  m a x im u m  peak 
leve ls (zero to  peak L ), used to  cha rac te rise  Im pu ls ive  no ise  
e ve n ts  (B e tke , 2008). R aw  m e a s u re m e n ts  w e re  n o rm a lised  
to  a d is ta n ce  o f 750  m , taken  as a s tanda rd  d is ta n ce  fo r  e.g. 
G erm an and Be lg ian u n d e rw a te r no ise  m e a s u re m e n ts  (M ü lle r 
and Zerbs, 2011 ; A n o n ym o u s , 2012; see  A ln s lle  e t al., 2010). 
The th ird  oc tave  s p e c tru m  w a s  used to  Id e n tify  th e  spectra l 
w in d o w  o f th e  no ise. O th e r p a ra m e te rs  are a lso c o m p u te d  and 
m ore  In fo rm a tion  on th e  s tandard ized  p ro to co l cou ld  be fo u nd  
In N orro  e t al. (2013). W e  fin a lly  used th e  co lle c te d  In fo rm a tion  
on L to  e s tim a te  o ffs h o re  w in d  fa rm -g e n e ra te d  no ise

Z-p

propaga tion  In th e  s h a llo w  w a te r  e n v iro n m e n t o f th e  BPNS.
A  s im p le  p ropaga tion  m ode l (regression) w a s  f it  th ro u g h  th e  
data co lle c te d  at d iffe re n t d is ta n ces , w h ich  to g e th e r  w ith  th e  
add ition  o f an a tte nu a tio n  te rm  a llo w e d  fo r u n d e rw a te r no ise  
p ropaga tion  m od e lling  (for de ta ils : see  N orro  e t al. 2013).

The three foundation types used in 
the Belgian waters.
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WIND FARM-GENERATED NOISE FEATURES
Above water noise characteristics
The m a x im u m  d e te c te d  s o u rc e  p o w e r level o f th e  above  
w a te r  n o ise  d u rin g  p ilin g  w a s  145 dB (A ), b u t th e  so u rce  
p o w e r leve l w a s  h ig h ly  d e p e n d e n t on th e  p ro g re s s  o f th e  
p iling  (F igu re  1). F irs tly , an Inc re a se  Is d e te c te d  w h ile  th e  
p iling  p o w e r Is g ra d u a lly  reach ing  Its m a x im u m . W h ile  th e  
p ile  Is d rive n  In to  th e  se a b ed , th e  n o ise  e m is s io n  d ro p s  w h e n  
th e  la rg e s t s e c tio n  o f th e  p ile  Is b e lo w  th e  w a te r  su rfa ce . 
P iling  a c t iv it ie s  co u ld  be d e te c te d  In lo w  b a ckg ro u n d  n o ise  
c o n d it io n s  at a d is ta n c e  o f up to  10 km  fro m  th e  so u rc e  and 
h e n ce  ca n n o t be heard  fro m  th e  coas t.

Figure 1. Sound power of the peak 
levels of piling activity change during 
the piling progress. Blue points are 
based on measurements at 280 m 
distance from the pile, red points at 
520 m.
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Self no ise generated by th e  blades passing th rough  the  air, 
w as de tec ted  to  be th e  m os t Im portant source o f sound during 
operation In m odern  horizontal axis w in d  turb ines. It occurs 
w h e n  boundary layer tu rbu lence  passes th e  trailing edge of 
the  blade and Increases w h e n  th e  boundary layer separates or 
vo rtex  shedding  occurs. A tm o sp he ric  cond itions could a ffect the  
generated sound p o w e r In d iffe ren t ways. B oundary layer w in d  
g rad ients m ay resu lt In non-optlm al In flow  cond itions fo r som e  o f 
the  blade positions and In flow  tu rbu lence  m ay d iffe r depending 
on th e  w eather. It can be expected  th a t o ffshore  cond itions are 
m ore  stab le  than onshore  cond itions. Noise m easu rem en ts  w e re  
evaluated against w in d  speed at hub he igh t and p roduction  data 
(Figure 2). For ve ry  lo w  w in d  speeds and co rresponding ly  lo w  
production , noise levels Increase w ith  w in d  speed but as soon 
as p roduction  Is above 2 M W  or w in d  speed Is over 9 m /s at 
hub height, a plateau Is reached. O n ly w h e n  production  reaches 
4.5 M W , w h ich  rough ly corresponds to  w in d  speeds o f 12 m /s 
at hub height, th e  noise level s ta rts  to  rapidly Increase again.
This could be explained by th e  changing blade pitch tha t Is 
used to  lim it th e  rota tion  speed at ve ry  high w in d  speeds, but

It could also be caused by th e  Interaction o f th e  w in d  w ith  the  
m icrophone  or by secondary  sources such as breaking waves.
The overall A -w e lgh ted  sound p o w e r level calcu lated backward 
fro m  these  m easu rem en ts  am oun t to  102-105 dB(A) fo r w in d  
speeds be tw e en  8 and 12 m /s at hub he igh t and to  105-115 dB(A) 
fo r w in d  speeds h igher than 12 m /s. M eteoro log ica l e ffec ts  on 
sound propagation are lim ited  to  a fe w  hundred m e te rs  -  typ ica lly  
o f relevance fo r onshore  opera tions -  because o f th e  he ight o f the  
source. Long d is tance  propagation over several k ilom e tres  over 
the  sea surface depends on m eteoro log ica l cond itions.
Spectral data show ed  a fa in t tonal peak at lo w  frequenc ies  that 
Increases w ith  p roduction  (and rota tion  speed), w h ich  Is expected 
to  have a m echanical origin. This Indicates tha t th e  m echanical 
noise generated by e.g. th e  gearbox and th e  genera to r m ay be 
less care fu lly  encapsu la ted fo r these  o ffshore  w in d  tu rb ines 
com pared to  onshore  w in d  tu rb ines, In w h ich  a s ign ifican t e ffo rt 
Is put Into noise reduction . The m ain con tribu tion  Is how ever 
broad band noise cen tred  b e tw e en  300  and 800 FHz fo r the  m os t 
s ign ifican t operational range. This spec trum  corresponds to  w h a t 
can be expected  fo r such large w in d  tu rb ines (M o lle r e t al., 2011 ).
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Figure 2. Noise level on the wind 
turbine platform as a function of 
wind speed and production.
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Underwater noise characteristics
The a m b ie n t u n d e rw a te r no ise  a m p litu d e  ranged fro m  95 
to  110 dB re 1 pPa In th e  20 FHz to  3 kFIz fre q u e n c y  w in d o w . 
The a m p litu d e  decreased  to  80 dB re 1 pPa at 10 kFIz. 
S ligh tly  h ig h e r va lues w e re  fo u nd  at th e T h o rn to n b a n k  s ite  
(see F lenrle t e t al., 2006), w h e re  also a peak at 100 FHz w a s  
d e te c te d . B o th  th e  Increase  In a m p litu d e  and th e  extra  peak

m ay be a ttr ib u te d  to  th e  loca tion  o f th e  In te rc o n n e c to r p ipe line  
and /o r th e  sh ipp ing  ro u te  th a t are c lo se r to  th e T h o rn to n b a n k  
than  to  th e  B llgh Bank.

Jacket pin pile (left) and monopile 
(right) driving preparation at the 
Thorntonbank and Bligh Bank.
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As th e  ins ta lla tio n  o f g ra v ity  based fo u n d a tio n s  (GBF) do no t 
requ ire  p iling , th e  c o n s tru c tio n  o f GBF w in d  tu rb in e s  m ay be 
con s id e re d  re la tive ly  s ile n t as m o s t o f th e  no ise  Is derived  
fro m  an Increase  o f sh ip p in g  and d re dg ing  o p e ra tio n s  w ith  
RM S no ise  leve ls  o f a bou t 115 dB re 1 pPa, I.e. little  h ighe r 
than  th e  a m b ie n t no ise  level (F lae lte rs e t al., 2009). Piling 
e ve n ts  h o w e ve r are kn o w n  to  p roduce  m uch h ig h e r peaks In 
no ise  levels. The p iling  o f 5 m  d ia m e te r m o n o p lle s  at th e  B llgh 
Bank fo r exa m p le  p roduced  an L o f 179 to  194 dB re 1 pPa 
as m easu red  and no rm a lized  at a d is ta n ce  o f 750  m  fro m  
th e  p iling  loca tion , w h ile  p iling  1.8 m  d ia m e te r pin p lies fo r 
th e  jacke t fo u n d a tio n s  at th e T h o rn to n b a n k  s h o w e d  L, levels 
rang ing  fro m  172 to  189 dB re 1 pPa at th e  sam e  d is tance  
(N orro  e t al., 2013). Even If th e s e  e m is s io n s  are lim ite d  In tim e , 
th e y  have to  be co n s id e re d  o f th e  sam e  o rd e r o f m a g n itu d e  as 
th o s e  p roduced  by a lrguns (ESF 2008). W h ile  p iling  pin p lies 
se e m e d  to  g e n e ra te  less no ise  than  p iling  la rger m on o p lle s , 
th is  cou ld  n o t be s ta tis tic a lly  underp inned . The to ta l n u m b e r 
o f b lo w s  and hence  th e  p iling  t im e  requ ired  fo r  th e  Ins ta lla tion  
o f one  jacke t, Is h o w e ve r h ig h e r than  fo r  a m on o p lle . W h e n  
no rm a lized  to  th e  Ins ta lled  pow er, 5 7 %  m o re  b lo w s /M W  
Insta lled  w e re  needed  fo r  th e  c o n s tru c tio n  o f an average jacke t 
fo u n d a tio n  than  fo r a m o n o p lle  fo u n d a tio n . M o s t o f th e  e n e rg y  
du ring  p iling  Is p re se n t In th e  50 FHz to  1 kFIz fre q u e n c y  w in d o w  
(com p u te d  fo r  severa l s trokes), w h e re  severa l fo u n d a tio n - 
s p e c ific  peaks m ay be d isce rn e d  (F igure  3).

W h e n  no rm a lise d  to  750 m  fo r  th e  so u rce  (A lns lle  e t al., 2010), 
th e  p iling  o f a 5 m  d ia m e te r m o n o p lle  and a 1.8 m  d ia m e te r pin 
p ile  ge n e ra te d  a m a x im u m  L o f 194 dB re 1 pPa, resp e c tive ly  
189 dB re 1 pPa. As com p a riso n , sam e  no rm a lisa tio n  Is app lied 
to  th e  lite ra tu re  data p re se n te d  In N eh ls e t al. (2007), L 
ranged fro m  185 dB re 1 pPa fo r  a 3 .3 m  d ia m e te r pin p iling  
even t at FINO 2 (G erm any) to  196 dB re 1 pPa fo r a 4 .2  to

4 .7  m  d ia m e te r m o n o p llln g  e ve n t at N orth  Floyle, S croby Sands 
and B a rro w  (UK), and FINO 3 (G erm any). A  no rm a lise d  200  dB 
re 1 pPa at 750  m  w a s  f in a lly  ob ta ine d  fo r  th e  p iling  o f a 4 .7  m  
d ia m e te r m o n o p lle  at th e  Q 7 w in d  fa rm  (de Jong  and A lns lle .
2008).
Parvln e t al. (2006) c ite d  by N eh ls e t al (2008) de rived  a re la tion  
b e tw e e n  L and th e  d ia m e te r o f th e  pile. W h e n  app lied  fo r  pile 
o f 5 m  and 1.8 m  d ia m e te r th e  p va lues  o b ta ine d  at 750 m 
are resp e c tiv e ly  197 dB re 1 pPa and 190 dB re 1 pPa. Good 
a g re e m e n t Is o b ta ine d  even If e n e rg y  p rodu ce d  by th e  h a m m e r 
as w e ll as th e  na tu re  o f th e  s e d im e n t are no t taken  Into 
a cco u n t exp lic itly .

Figure 3. 1/3 octave spectra of ambi­
ent noise at the Bligh Bank (black), 
as well as noise emitted during 
the construction and operation of 
offshore wind farms. Jacket for a 
6,15 MW  turbine: construction (red) 
and operation (blue); monopile for a 
3 MW  turbine: construction (green) 
and operation (pink).
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The p ropaga tion  m ode l Ind ica tes th a t no ise  ge n e ra te d  by 
m on o p llln g  a tte nu a te d  to  a m b ie n t no ise  leve ls  at 70 km  fro m  
th e  sou rce , w h ile  th is  d is ta n ce  Is sh o rte r  fo r  p in p iling  no ise  
(I.e. 50 km ; F igure 4). W h e n  co n s id e rin g  th e  no ise  level o f 
m a jo r d is tu rb a n ce  fo r  ha rbour p o rp o ise s  P hocoena  p h o coe n a  o f 
L,_p 149 dB re 1 pPa (Bailey e t al., 2010), acco rd ing  to  th is  m ode l 
th is  sp e c ie s  w o u ld  su ffe r m a jo r d is tu rb a n ce  up to  a d is ta n ce  o f 
8 km  fo r  pin p iling  and 16 km  fo r  m on o p llln g .

Figure 4. Propagation model derived 
from pin piling (dashed line) and 
monopiling (plain line). Squares and 
circles are the measured L for 
monopiles (squares) and jackets 
(circles) respectively, while the 
horizontal line at 149 dB re 1 pPa 
indicates the level (L z p) for major 
harbour porpoise disturbance (Bailey 
et al., 2010).
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B ecause  o f th e  e x p e c ta tio n  o f a m ore  lim ite d  Im pact o f 
re la tive ly  lo w  level ope ra tiona l no ise  co m p a re d  to  co n s tru c tio n  
no ise , less data e x is t on th e  ope ra tiona l no ise  e m itte d  by 
ope ra tiona l w in d  tu rb in e s , e sp e c ia lly  la rge o nes  (5 M W  or 
m ore). Tougaard e t al. (2009) based on m e a s u re m e n ts  taken  
c lose  to  th e  fo u n d a tio n  (14 and 20 m) d e m o n s tra te d  an 
Increase above th e  a m b ie n t no ise  o f 10 to  20 dB re 1 pPa 
at 125 Hz fo r 2 M W  w in d  tu rb in e s , w h ile  no Increase  w a s  
d e te c te d  at o th e r fre q u e n c ie s . B e tke  (2006) h o w e ve r repo rted  
an add itiona l peak In th e  1/3 oc tave  s p e c tru m  at 150 Hz. In

ou r s tudy, ope ra tiona l no ise  w a s  m easu red  b o th  fo r th e  GBF 
and jacke t fo u n d a tio n  w in d  tu rb in e s  at th e T h o rn to n b a n k  and 
th e  m on o p lle  fo u n d a tio n  tu rb in e s  at th e  B llgh Bank. A  3 M W  
m o n o p lle  w in d  tu rb in e  ty p ic a lly  ge n e ra te d  a sound  p ressu re  
tw ic e  as h igh as th a t o f a 6.15 M W  jacke t fo u n d a tio n  tu rb in e  
(I.e. 6 dB re 1 pPa (RMS) h ig h e r th ro u g h o u t th e  1/3 oc tave  
sp e c tru m ; F igure  3), In Its tu rn  e m ittin g  h ig h e r no ise  leve ls  than  
a 5 M W  GBF w in d  tu rb in e  (by 6 dB RM S). N o te  th a t d u ring  th e  
m e a s u re m e n ts  sea s ta te s  ranged fro m  2 to  3, and /o r a w in d  
fo rce  o f 4-5  B eaufort.
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LEGISLATION AND NOISE 
LEVEL LIMITS
W ith  rega rds to  ope ra tiona l above w a te r  no ise , e n v iro n m e n ta l 
no ise  lim its  fo r  onsh ore  w in d  tu rb in e s  are g iven  In V LA R E M ,
In w h ich  no ise  lim its  depend  on th e  t im e  o f th e  day (I.e. day, 
even ing , n igh t) and th e  ty p e  o f area. In th e  m o s t re s tr ic tive  
co n d itio n s  (I.e. res iden tia l area) th e  no ise  shou ld  no t exceed 
39  d B (A) at n igh t. A  dec is ion  on h o w  to  m easu re  o n sh o re  w in d  
tu rb in e -g e n e ra te d  no ise  Is u nder c o n s tru c tio n  by th e  F lem ish  
g o ve rn m e n t. H ow ever, de ta ile d  ca lcu la tion  g u id e lin es  are 
available. T hese  are based on IS0 9 6 1 3 , adve rse  m e te o ro lo g ica l 
co n d itio n s , and e q u iva le n t levels. If th e s e  re g u la tio n s  w o u ld  
be app lied  to  th e  o ffs h o re  w in d  tu rb in e s  s tu d ie d , th e  m in im a l 
d is ta n ce  fo r s itin g  a res idence  to  a s in g le  w in d  tu rb in e  w o u ld  
need to  be h ighe r than  500  m  (at w in d  sp e e ds  b e lo w  12 m /s). 
For a park o f 100 w in d  tu rb in e s , th is  d is ta n ce  w o u ld  need to  
be Increased to  at least 3-4 km . W e  shou ld  h o w e ve r m e n tio n  
th a t th e  res iden tia l areas nea res t to  th e  o ffs h o re  w in d  fa rm s  
are loca ted  at a d is ta n ce  o f 30  km  at p re se n t and 21 km  w h e n  
th e  w h o le  Be lg ian w in d  fa rm  zone w ill be deve loped . R es iden ts  
a long th e  Belg ian coas t w ill hence  never e xp e rie n ce  no ise  
p o llu tio n  fro m  th e  o ffs h o re  w in d  fa rm s.

For u n d e rw a te r ge n e ra te d  no ise , lim its  are no t y e t fu lly  
Im p le m e n te d  In Belg ian leg is la tion , b u t a m a x im u m  L o f 
185 dB re 1 pPa at 7 5 0 m  fro m  th e  no ise  so u rce  has been 
re c o m m e n d e d  In th e  fra m e w o rk  o f th e  Im p le m e n ta tio n  o f th e  
M arin e  S tra te gy  F ram ew ork  D ire c tive  (M SFD ) (A nonym ous, 
2012). T hese  u n d e rw a te r no ise  level lim its  are o f co u rse  no t 
d ire c tly  re la ted  to  hum an  w e lfa re , bu t ra the r to  Its d is tu rb a n ce  
o f m arine  life, w ith  cu rre n tly  spec ia l a tte n tio n  to  m arine  
m am m a ls . G iven th e  seasona lly  h igh d e n s ity  o f ha rbour 
p o rp o ise s  In Belg ian w a te rs  (up to  m ore  than  2 In d ./km 2 on 
average), th e  poss ib le  Im pac t o f e xcess ive  no ise  on th is  
spe c ie s  Is exp lo red  In C hap te r 7

FUTURE MONITORING
N ext to  th e  w e a th e r  lim ita tio n s  to  p e rfo rm  a d  h o c  no ise 
m e a s u re m e n ts  fro m  an RHIB at sea, th e  m o s t c ritica l Issue 
to  m o n ito r  c o n s tru c tio n  no ise  Is th e  a b ility  to  be on s ite  w h e n  
w o rk  Is undertaken . A t severa l o ccas ions  d u ring  th e  f irs t 
yea rs  o f m on ito r in g  th e  p iling  w o rk  w a s  cance lled  at sh o rt 
no tice , fo rc in g  th e  m o n ito r in g  te a m  to  re tu rn  to  th e  ha rbour 
w ith o u t p e rfo rm in g  any m e a su re m e n ts . To o ve rco m e  th e  
a b o ve -m e n tio n e d  d iff ic u ltie s , th e  fu tu re  c o n s tru c tio n  no ise  
m on ito r in g  w ill a lso be p e rfo rm e d  us ing  m oo re d  In s tru m e n ts . 
T hese  In s tru m e n ts  record  long t im e  se ries  o f u n d e rw a te r 
no ise  cove ring  one  o r m o re  c o m p le te  se q u en ce s  o f p iling . The 
In s tru m e n ts  w ill a lso be used fo r ope ra tiona l no ise  reco rd ings  
th ro u g h o u t a w id e  range o f w e a th e r  co n d itio n s , cu rre n tly  
p ro b le m a tic  g iven  th e  lim ita tio n  o f a sea -s ta te  o f 2-3 and /o r a 
4-5 B ea u fo rt w in d  fo rce .

A lso  so m e  q u e s tio n s  rega rd ing  above w a te r  no ise  p rodu ce d  by 
large o ffs h o re  w in d  tu rb in e s  rem a in  unso lved . The In flu en ce  o f 
In flo w  tu rb u le n ce  on ( lo w  fre q u e n cy ) no ise  e m iss io n  cou ld  be 
w o r th  s tu d y in g . For o ffs h o re  w in d  tu rb in e s , It Is e xp e c te d  th a t 
It Is m o s tly  re levan t In th e  p rese n ce  o f u p w in d  tu rb in e s . S lo w  
flu c tu a tio n s  In no ise  leve ls m ay be an Issue w h e n  It co m e s  to  
e s tim a tin g  th e  p e rce p tio n  o f w in d  tu rb in e  no ise . The d ire c tiv ity  
o f th is  c o m p o n e n t o f th e  no ise  Is no t kn o w n  v e ry  w e ll. Piling 
no ise  p ropaga tion  w a s  ca lcu la ted  using linear p ropaga tion  
m ode ls . H ow ever, leve ls are h igh and p ropaga tion  d is ta n ce  Is 
long so m ild  non -linea r e ffe c ts  m ay occur. M e a s u re m e n ts  at 
la rger d is ta n ce  cou ld  va lida te  th is  In fluence .

Finally, to  co m p ly  w ith  th e  n e w ly  p ropo se d  gu idance  d o c u m e n t 
fo r m on ito r in g  u n d e rw a te r no ise  In European seas (D eke llng  
e t al. 2013), a re g is te r o f sou rce s  and leve ls  o f no ise  shou ld  
be co m p lied . The fu tu re  o ffs h o re  w in d  fa rm  no ise  m o n ito r in g  
p ro g ra m m e  w ill th e re fo re  s ta rt d e ve lop ing  a re g is te r fo r 
u n d e rw a te r no ise  so u rce s  and leve ls In th e  BPNS, w h ic h  w ill 
fa c ilita te  se ttin g  a c o n te x t fo r u n d e rw a te r no ise  In te rp re ta tio n  
and eva lua tion .


