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1.1 AEHXER

ARUEFATF 100 MW 3[R 3007 T 1 18 Tl 3l
AR DX T IR VA 35, 2 N A — S R R 1 KU
Y, AR N A d R B H 2009 4 3
B, W S 1 3T 2K 2R 10 m, -2 XU 8. 4
m/so KU AILAL S0 A I s BT 3k 28 19 Ll R /K s 1)
RUFFMFAM 1 000 m LAAMITLE , db s | 1 s 20 )
FERGVCME £ 48 8 km (13 km, 9807 F [ 77 5%
P, BB VTR RS R B 16 km, JH A 4%
PR, X 34 G AE480XH SL3000 #Y
3 MW g b XU AILZH 4L %, L2 5 102 MW (&
1),

SEBG IR AR KA A M T T R
R XL T 2R W KA P, T 2011 AFE g AR, X
YA 1 RS W3600 B 3.6 MW Mg |- XU
BLZH (F1) S AR5 X HL SL5000 % 5 MW i |- JXUHL
PLAL(F2) W5 KA HLCE 1 E2)
1.2 PAEEREAZE

SEERE T 2014 4F 12 F % 2015 48 1 7 Wi[H]

121° 55’ 121° 58’ 122° 01’

B1 LisFREAHELREHMEMCEREE
Fig.1 Geographical location of Shanghai

E

Donghai Bridge offshore wind farm
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Fig.2 The site (dark spot) of the measurement vessel when taking measurement of operational noise
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TC SR M I A A S AL S AT ] ] fE = A
PR S MBS ] i T A AR Bk
SEBIF IR 7L KT a8 PR 9P B R I R — >
2910 kg ME PR KW dw DLA K HOIF R R IR HL,
FK W st L B T A A — M, ol o L B AR
B DN K TR o A A A A il i 3 GPS

(DAVETRES

LA JRHIL I P 0 2 8 A A 4R, ELAE
S 0 B s G 0 947 7K A R ) 2, LA
M DL 2 R R S RO AR 1o 15 5 s
T 2014 45 12 H 24 B, XGE 2 m/s I TRE 3
m, CHITHFEERSHFER N 1 pPa,

F1 FREKEBHKTREIZNESH

Tab.1 Parameters during underwater noise measurement

AL S IR/ MW FEfth 2 R/ (m/s)  WEKE/m FEE/m 2k i 7]
wind turbine type power fundamental type wind speed water depth distance measurement date

A2 SL3000 3 RS 3 3/5/10 15 2014.12.24
Bl S1.3000 3 b G 1.5 3/5/10 15 2014.12.28
Fl W3600 3.6 (S S= 3.5 3/5/10 15 2014.12.27
F1 W3600 3.6 R G 4.5 10 20 2014.12.28
F2 SL5000 5 bR G 1.5 5 15 2014.12.28
F2 SL5000 5 Bk G 2 5 15 2015.01.04

T:2014 4212 A 28 H X W3600 B XUPLME 2R AT A2

Note: We used the method of drifting when collect the noise from wind turbine W3600 OnDecember 28, 2014.

1.3 IRECSH

LSRR R SO 1 Se i g N B, BBk —
SEFI0 g 2 (AT AR IR ) B SCPF IR A T IR0 PR
15, A PRI LU A 1Y S HY Cool Edit Pro 2.0
% 4 ( Syntrillium Software Corporation, Phoenix,
Arizona) ¥ 7 & SR R TR 5 £ Bk, 2R )5 H
A4 AT 874 Praat ( Phonetic Sciences , University
of Amsterdam ) FEA7 PR A HL I8 4 (FFT) |, 2R 1
Mg 75 AT A

2 4k

2.1 LBEBRE
T SR A DL TR 3 G v B B 1] R R
HLIA 2 km Rb 75 50 M S B3 (R, 21 €6 50 3% 151
RIS 3 km Ak 500 3G B A RT
B 2 km AR S AE 14 Hz b 308
UE(E , 75 H 902 107 dB, H At 45 B 1 B0
WM, XY 3 km 4bT5 5t 7E 22 Hz 4b
WA, PR TE R 92 dB, 2 km Ab7F 5t
FEEZAE 0 ~ 1000 Hz A5 E N T 3 km &b
MR ,0 ~45 Hz S0 B N T 3 km H 5%
% 15 dB; 45 Hz Z 55 F 3 km 3550035 3 ~5
dB.
2.2 BARNISITHIK TERESES T
2.2.1 Bl XHHL(3 MW) iz 7 AR 5 R 20 A
B -1 AR E BL KEHL 15 m, KT 3 m

%% /dB

sound pressure level

0100 200 300 400 500 600 700 800 900 1000
#i# /Hz frequency
B3 REBFHFRILAE2 km(EL) .3 km(0Lk)
REZREFHE
Fig.3 The frequency spectrum of background noise
recorded 2 km ( black line) and 3 km ( red line) away

from the northeast of wind farm

ARC SRR 2 35 s Bk R MR SCEIE I,
MR LU i, RCH BIL I 75 5 T TG B 2 R AE
FEA K IR LA At o 5 B N A W s 1) o O
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H XU ALK T M 2 RB A R fE 500 Hz LUT
FERR -3 A E BL KHEHL 15 m, KIE 3 m
AbIEATHAZK T MRS A 1, i AT 0, £E 119
Hz 351 Hz QbUE(EHCHA B, HL7F 119 Hz Kb IG5 5
B A R 2 89 dB, 7E 11 Hz 38 Hz .60 Hz 235
Hz Qb FLA I
2.2.2 A2 KUHLHL(3 MW ) 1547 M & 5L 43
B -4 R BEES A2 KL 15 m, KK 3 m
AbIEATHAZK T MRS A 1], D BT R] 0 7E 325
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He GG B 5, B IR 2% 29 81 dB. 7 12 Hz.62
Hz 124 Hz 238 Hz 379 Hz Abus(f tidg W] &
2.2.3 F1 XHAHL(3.6 MW ) iz 17 ]I 5 R 1k 43
Hr

BB -5 rp R e 1 o R B F1OXUEL AL 15
m, KR 10 m L0 R R 2 s 3275 32 1 7 B 7K
TR A ] S A RS FLOXUR AL
20 m, 7K¥ 10 m Ab >R FHIEE i 25 A5 1 iz A7 1 K
TR A P SR G A5V I A B A ] rp
AT, AR RS 7 22 Hz 62 Hz.139 Hz 186 Hz.
359 Hz 4bw{E P ., 7 HL7F 22 Hz AU E e e, 75
JEZ 2 99 dB ; SR TR 12 0 A5 (8 A3 i Pl Hh mT Al
7E 11 Hz .60 Hz 121 Hz.182 Hz.255 Hz.352 Hz
Ab IR, HLAE 11 Hz Qb 5, 75 R4
101 dB A7 35 BN AS 0 M P A i R ik S AR —
.
2.2.4  F2 KHAHL(S MW) 381785 R bt

EIRR -6 MEEE] F2 KHAL 15 m, KRS m &b
IS ATHAKCT M B i 1], D2 [ AT 2R 2 A e
R7E 10 Hz 69 Hz b &, H7E 69 Hz b
B, 75 R 24 90 dB,
2.3 RKEBHARIREKTEEFEXTEE

FEIR -7 S BL XUREAILAS [R] R B 7K T I s
TR RS BL XKL 15 m, EEEAM I 3 m 5
m 10 m 4b frig 5 (14 7K T W 7S SO E 47 400 Ay
Br, T 45 R W3R 2,

&2 Bl KEHLAE R ERESE 5 T4 R
Tab.2 The results of spectral analysis of the
underwater noise from wind turbine B1

FEHER/ B WK I

W/ m th IR (¥ 45/ Ha

depth peak frequency sound flowing
pressure speed

3 1138 60 119 235 351 89 Big
5 11 60118 238 348 90 Big
10 11 30 59 117 200 237 348 88 Bt

MEIRR -7 g2 nf LA H, BL XL HLANA]
DRI MRS 75 R A 2 3 22 57,0 ~ 500 Haz 3 il
W 3 G ARE H T, 72 500 Hz LIS 5 m IR M
PR EHET 3 m 10 m KIRMEF . 3 50055
22 | 11 Hz .60 Hz /245 .120 Hz A4 .237 Hz /¢
A7 \348 Hz iy 3 BE ] R

BIRR 8 Sy A2 JRUELHILAN [ TR B2 7K M s A
TEIE R A2 XL 1S m, 51500 3 m S
m 10 m 20 B 30 55 f8 7K T M 75 SO kAT A3
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Br, T R L 3,

F3 A2 RENAREREREESITER
Tab.3 The results of spectral analysis of the
underwater noise from wind turbine A2

7SR/ dB K I

WEE/m HH BUEE(E 9 95138/ Ha

depth peak frequency sound flowing
pressure speed

3 12 62 87 124 198 238 325 379 396 81 g
5 1358 172 366 104 haE
10 16 197240331 395 117 Bk

MIERR -8 K33 W LA i, Bl 1 7K I
A3 TIPS s 20 25 0, 9 ELVEAE I A7 A R
%o 3 AH Hh 2 EER 366 Haz 72 A7 W 7
Fs 0 A B AT 34 1 A2 A, LA 0 P s 2 34 1]
ET2: I8

3 e

3.1 RENEENE

JRCFEL ML RS S0 4 e Jo8 e 4 2t I 5 0 P U
T, 20 R SR BRI K W 8% 0 S B, T 7E
Mg P AT v o B e F S R Y O o IR
5 R AR B 5 BN, — IR & A (50 Hz)
LA = (150 Haz) , AR M P ] £ 45 R 32 3 vy
DT 7/

PRI XL B A2 KUELAL(3 MW)
L F1(3.6 MW) (F2(5 MW) % & R 2 5 XU L AL
PEAT IR R 2T, S5 SRR B1 XUR ALK T I
A RN 60 Hz 119 Hz 235 Hz 351 Hz, /&=
JEZ% 27 89 dB; A2 KUFBAIL/K T M ps 2 B A<y 62
Hz 124 Hz 238 Hz.325 Hz, 7= L% %) 81 dB;Fl
ALK R e P 2 S5 A8y 62 Hz 139 Hz 186
Hz 359 Hz, 5 L% 99 dB; F1 XU ALK T W=
FEAH 69 Hz, 5 2y 90 dB, AT LA,
JIT A B LI P 32 B AR 7E 400 Hz LN, Jf:
H B1 A2 F1 XL 3230 224K (H F2 KUAL
WP AT KR 69 Haz Kb & BRIEAE . F2 XUBLAE BT
A I A AL R BRI 2 i i R, HE XL o BE
R S HA KL AR 22 57, AR 4 5 UKL
SERRBUARIA], (H i T F2 RALKR G &, H
SCHEE SRR WA Z P KR LK T e 3222
I XUHILEE B % 3k 2= oKk v, T B2 IXUBIL B 7 35K 3
P A — 7 R SRR A A K R Z L
PRI AT e BUHAE A KR MR P R AR 1%

FE AM A AH DG AIF 5 2 B XU H AL KT I8 7 4
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Characteristics of underwater noise from Shanghai Donghai Bridge offshore
wind farm

ZHANG Bo'** | ZHANG Xuguang'>**, GUO Hongyi' >, FANG Ning*, SONG Jiakun'*"
(1. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China ; 2. International Center of Marine

Study ,Shanghat Ocean University , Shanghai 201306, China; 3. Institute for Marine Biosystem and Neurosciences, Shanghai
Ocean University , Shanghat 201306, China; 4. Shanghai Investigation , Design&Research Institute CO. , LTD. Shanghai
200434 , China)

Abstract: As the use of clean energy increasingly gains attention, China’s offshore wind power industry has
been developing rapidly in recent years. However, the underwater noise from the wind power station has not
been studied in our country while the noise from human activities as an environmental issue has attracted much
concern around the world in the last few years. In this study, we collected the operational noise data from the
offshore wind turbines in the vicinity of the Shanghai Donghai Bridge and studied the characteristics of
different wind turbines. We compared the noise data from different depths of water, as well as compared the
data collected by using different measurement methods. The results show that the noise data from each single
wind turbine shares the characteristics of low frequency and low sound pressure level; the main frequency
range is within 400 Hz and the sound pressure level is between 81 dB and 101 dB. The characteristics of
underwater noise from different depths are basically the same when seawater flowing speed keeps constant, but
when the speed increased, some of the main frequency lost or shifted. The fixed-point method we used can
measure any location we set, but the measurement time is limited. Drift method can measure at any time but
the measurement line is limited.

Key words: offshore wind farm; operational noise; frequency analysis
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Plate Characteristics of underwater noise from single wind turbine

Lo B RGEHLCBEES 15 m, K 3 m) KRB SCARBOR AL 2. B1 XU AL (BEES 15 m,/KIR 3 m) KRB A LA 3. BL KRUBLHLK T
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1. The oscillogram of the underwater noise from wind turbine Bl ( distance =15 m,water depth =3 m) ; 2. The spectrogram of the underwater
noise from wind turbine B1 ( distance =15 m,water depth =3 m) ; 3. The frequency spectrum of the underwater noise from wind turbine Bl
(distance = 15m, water depth =3 m) ; 4. The frequency spectrum of the underwater noise from wind turbine A2 ( distance =15 m, water depth
=3 m); 5. The frequency spectrum of the underwater noise from wind turbine Bl ; 6. The frequency spectrum of the underwater noise from
wind turbine F2 (distance =15 m,water depth =5 m) ; 7. The frequency spectrum of the underwater noise from wind turbine B1 in 3 m( black
line) ,5 m(red line) and 10 m( blue line ) depth; 8. The frequency spectrum of the underwater noise from wind turbine A2 in 3 m( black

line) ,5m(red line) and 10 m( blue line) depth.
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