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A Study on the Correlation between Underwater Noise and Ground

Vibration
Jung—Bong Park, Choo—Won Kang, Chang—Won Lee

Abstract This study compared and analysed ground vibration, size of underwater background noise in fish farms
and underwater object noise of blasting and obtained ground vibration prediction equation through a regression
analysis and correlation equation between underwater object noises in order to predict degrees of underwater noise
in blasting and organize underwater noise control regulations. Before the study, when background noise of fish
and shellfish farms with different conditions was measured, levels of background noise were different according
to environmental characteristics of each farm. Ground vibration which causes underwater noise was measured to
obtain a correlation equation between ground vibration and underwater object noise. Therefore, if underwater noise
is predicted for each construction with a use of a correlation and permissible standards appropriate for each condition
are applied for design and construction, financial loss from damages to fish and shellfish caused by development
of insufficient technological and engineering logic can be prevented and successful construction with safety of
underwater creatures guaranteed can be achieved.

Key words Ground vibration, Underwater noise, Sound pressure level
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Ground vibration
Underwater Noise
Blast vibration velocity Ground vibration level

Manufacturer Instantel, PMT etc. Rion B & K
Product No DS equipment VM-1220E 8106

Note Ground vibration velocity Ground vibration level Underwater noise measurement

measurement measurement equipment
Unit cm/s dB(V) SPL : dBre: luPa

Table 3. Drop-test specification

Sort

Condition

Study area

Gangwon-do Hongcheon

Geological features

Biotite granite

Drop weight

10kg

Drop height

1.0m, 1.5m, 2.0m

Ground vibration measurement point

Drop initial point distance 2.0m, Space 1.0m, 24point.

Underwater noise measurement point

Drop initial point distance 25.0m.

Underwater noise measurement depth

Water tank 0.2m

Reservoir 1.0m

:q.,:,,"':,i”:g Weight (10kg) 4
Reservoir instrument
- *
- —7 Vibration
/ point
~— Hydrophone

Fig. 2. Drop-test schematic(reservoir).

Water —
| - . Vibration
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| - s \
Vibration
point

Fig. 3. Drop-test schematic(water tank).
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Reservoir

waba|e] WET 540l g ASA (D) S __y
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W AE-S AASE Ao ]2 WA, Z]HEA Fig. 6. Blast-test schematic(reservoir).
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Fig. 5. Ground vibration and underwater noise measurement Fig. 9. Measurement of underwater noise and ground vibration
from reservoir(a) and water tank(b). (concrete water tank).

Table 4. Blast-test specification

(b)

°

Fig. 8. Measurement of underwater noise and ground vibration
(reservoir).

Sort

Condition

Study area

Gangwon-do Hongcheon, Gyeongsangnam-do Goseong & Sachun, Busan Gijang,
Jeolnanam-do Naju, Chungcheongnam-do Asan, Chungcheonbuk-do cheongju.

Geological features

Biotite granite, Sandstone, Mudstone, Tuff, Mixed gneiss, Porphyritic granite etc.

Blast location

Road opening, Tunnel excavation, Bed excavation etc.

Explosive/Detonator

Emulsion type / MS, DS detonator

Charge per delay range

0.32~34.0kg

Underwater noise measurement
distance range

70~692m

Underwater noise measurement depth

Water tank 0.6m

Reservoir 2.0~3.0m
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Fig. 11. Graph of the correlation between underwater noise
and ground vibration through the Blast-test.
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Table 5. Prediction model of underwater noise by experimental results

Drop-test prediction eguation SPL = 165.42 V**P R = 0.9741 R® = 0.9489
Blast-test prediction eguation SPL = 173.90 V***¥ R = 0.9385 R® = 0.8808
All data prediction eguation SPL = 169.78 V**"7 R = 0.8507 R® = 0.7237
Table 6. Blast-test specification of verification Site I
Sort Condition
Study area Gangwon-do Hongcheon
Geological features Biotite granite
Blast method Bench blast / Crawler drill ¢76mm
Explosive / Detonator Emulsion type / MS, DS Detonator
Blasting number 5
Charge per delay range 1.60~7.20kg
Underwater noise measurement distance 188.6~194.7m
Distance between underwater noise measurement point and .
o . Distance length 5m
ground vibration measurement point
Underwater noise measurement depth 2.0m
Table 7. Blast-test specification of verification Site II
Sort Condition
Study area Gyeonggi-do Ansan-si Jungyukdo
Geological features Biotite gneiss
Blast method Bench blast / Crawler drill ¢76mm
Explosive / Detonator Emulsion type / MS, DS Detonator
Blasting number 11
Charge per delay range 3.0~64.0kg
Underwater noise measurement distance 165~230m
Distance Pethen underwater noise measurement point and Distance length 5~10m
ground vibration measurement point
Underwater noise measurement depth 3.0m
FFLEE) 10 el 2ol delsich B Siee I AF
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Table 8. Measurement data of blast vibration and underwater noise by verification Site I

No. Weight | Distance SpP SPL(max) Leq SEL(max)2 PPV Note
(kg/delay) (m) (Pa) (dBre: 1uPa)|(dBre: 1uPa) | (dB re: luPa™s) | (cm/s)
- Background noise 4.05 156 111 132 -
1 1.6 188.6 45.60 154 139 143 0.0270
Verification| 2 4.8 191.4 97.21 160 141 146 0.0857 .
Site 3 4.8 190.4 90.49 163 149 146 0.0651 Reservoir
4 72 194.7 162.84 170 156 156 0.1130
5 7.2 191.4 74.21 160 146 147 0.0810
Table 9. Comparison of predicted value and measured value of underwater noise(verification Site : reservoir)
Measurement value Predicted value(dB re 1uPa)
PPV SPL Blast-test Drop-test All data
(cm/s)  |(dBre:1uPa)|  SpPL Gap SPL Gap SPL Gap
Background noise 156 - - - - - -
1 0.0270 154 146.0 -8.0 132.5 -21.5 135.9 -18.1
o 2 0.0857 160 154.4 -5.6 142.2 -17.8 145.9 -14.1
Veg‘itt‘:}“"n 3 0.0651 163 152.3 -10.7 139.8 232 143.4 -19.6
4 0.1130 170 156.4 -13.6 144.7 2253 148.4 -21.6
5 0.0810 160 153.9 -6.1 141.7 -18.3 145.4 -14.6
Average 0.0700 161.4 152.6 -8.8 140.2 -21.2 143.8 -17.6
SD 33 3.2 32
SE 2.6 3.0 3.0
Table 10. Measurement result table of underwater noise from test blasting(Verification Site II)
Number of | Sampling rate Distance Charge per Peak measurement value Equivalent noise value
blast (SPS) (m) delay(kg) SPL SEL (dB re : 11Pa)
(dBre: 1uPa) |(dB re: 1uPa’™s)
1 1000Hz 165 35.0 155.79 142.4 146.20
2 1000Hz 200 40.0 151.94 142.3 141.90
3 1000Hz 230 64.0 158.07 144.5 144.05
4 1000Hz 220 24.0 149.57 140.2 140.23
5 1000Hz 205 34.0 150.17 136.4 143.47
6 1000Hz 200 21.0 150.57 141.2 139.50
7 1000Hz 180 24.0 151.57 140.6 140.21
8 1000Hz 210 61.0 155.01 143.9 144.40
9 1000Hz 210 4.5 141.27 129.9 129.20
10 1000Hz 215 3.0 138.41 128.6 128.60
11 1000Hz 225 9.0 145.74 132.0 132.00
Background noise 141.16 131.90 130.94
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Table 11. Measurement result table of blasting vibration and underwater noise

Measurement Data .
Number i} © Predicted underwater noise Difference between measurement value
of blast PPV (D Underwater noise (dB re : 1Pa) and predicted value (D-©)
(cm/s) (dB re : 1uPa) s (dB re : 1uPa)
1 0.139 155.8 154.4 1.4
2 0.154 151.9 155.4 -3.5
3 0.215 158.1 158.6 -0.5
4 0.100 149.6 151.3 -1.7
5 0.090 150.2 150.4 -0.2
6 0.068 150.2 147.8 2.4
7 0.088 151.2 150.2 1.0
8 0.103 155.0 151.6 3.4
9 0.030 141.3 140.6 0.7
10 0.030 138.4 140.6 2.2
11 0.063 145.7 147.1 -1.4
Average gap -0.31
UREA] 7FEsHARE HobEAne] oA A9} 5182 re: luPa(H+t -0.31dBre : 1uPa) HE® e} A
A0l et AdErSS AbEshe WulEs 840 v & ZoR itk
3400 AP Aabie) A5y, Tela §
84 A%o] ololA|x] g uliL - BAE Aol A AY
2] Joich wheba 2 AtollAs g<es] £ 3l
A 28t AUFAET 232400 710] AFATRS 1] o] =R 20129k AT e A 1|2 2|
1l - BRI Hubs o] AAo] thekst Bhuald Ao & o} AE|glon oo A= ESF o] =7
A ANPIE BEARE SUst] SRS A & 911 AR 2ol oA IR e
AT, WeERAe] ARzl ApAe) A 2 A=
H 2 ojRE selg F HMEAGE Ao
g p5as BEER)7IEA A dshs o4 HuEs
Aol AoREe Agel] 91 AuHIEghe
PELEUS] AL Ol Lislgiek wmegy 1 Mk Smmonds, Sarh Dowan and Lindy Wl
_ e _ , eans of noise”, ale and Dolphin
HHAlE] AHIRAIS. A= H7ls ol 2
oA e S e 87Fe7] fistel A Conservation Society) Science report, pp. 20-21.
Ao A =5 PAASS &4, EH3 AT} =540 2. Urick Robert. J, 1975, “Principles of underwater
dl&z]e} AlZ=x]o] 2o -13.6 ~ -5.6dBre: 11 sound for engineers”, McGraw Hill, New York, pp.
- - 12-15, pp. 16-21, pp. 82.
b= R o : o] z}o]= Holyl 9Jo1} H
Pa(gl -8.8dB re: uPa)f XjOIS HOlaL QL 25 4} NSk A DEPARTMENT OF FISH AND GAME,
(98] FHEE IR, diEsto] BT 4= glou= o] 1991, “BLASTING STANDARDS For the Protection
ASHAE WEATH H840] Qe Ao WekHk o Fish®, pp. 0.
= . = EENS 4. A. E. Ellis, STRESS AND FISH(A. D. Pikering ed.
3l 1S Site(FSE RDolA Aldeuts AA|, ’
;Oﬁ ~ ( ol = H:)jﬂ 10 _] Uﬁ?ﬂ EE? L 1981), “Stress and The Modulation of Defence
X]‘?J_—;S_O El':rxl—i"] Q?‘]vﬂ—:/‘\_loﬂ ‘4‘?‘_]: EU"—%J_ O-I—;ED Mechanism in Fish”, pp- 155.
A0 2 SERAFR| G A S =X A 5. Braja M. Das, 1993, “Principles of Soil Dynamics”,
Z2)9] 2po|2 ulwst A} Ho W7} -3.5 ~ 3.4dB PWS-KENT Publishing Company, USA.
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