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An installation experiment for reducing low frequency seismic noises.

— Report —

An installation experiment with broadband ocean bottom seismometers for

reducing low frequency seismic noises.

Aki Ito", Hiroko Sugioka', Eiichiro Araki'

A seismometer installed on the seafloor is affected by water flow, which could cause a noise in seismic records. The
noise is significant especially for low frequencies below 0.1 Hz. For seafloor seismic observatories installed by free fall from a
ship, it should be important to improve seafloor coupling of seismometer for reducing the low frequency seismic noise. In order
to seek for an installation method that gives a better low frequency performance of seismometers, we conducted an installation
experiment using two broadband ocean bottom seismometers with different types of anchor. The two seismometers were placed
closely, within 150 m to each other: one with a conventional grid type anchor and the other with a wide planar anchor. The wide
planar anchor was used to improve the seafloor coupling of seismometer. The experiment was conducted in the Kumano Basin
off Kii Peninsula, from late December, 2007 to early February, 2008. For horizontal components, a noise level obtained from the
seismometer with the planar anchor was comparable to that from the seismometer with the conventional anchor. For the vertical-
component record, however, the seismometer with the planar anchor had the better noise performance than the seismometer with

the conventional anchor at frequencies lower than 0.01Hz.
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Table 1. Principal specifications for broadband ocean bottom seismometer.

Outside
Size Imx Imx 0.7m (Width x Depth x Height)
Pressure case Titanium sphere (D=0.65m, Buoyancy=70kg, Made in Russia)
Releasing mechanism forced electric corrosion of two thin Ti plates (t=0.4~0.6mm)
Recovery control Acoustic transponder system with recorder communication
Recovery aids Radio beacon and Xenon flasher with light switch
Inside

CMG-3T for OBS (Guralp, UK) sensor, 360s~50Hz, 1500V/m/s, One

Sensor vertical and two horizontal components

Active leveling unit leveling works up to 20 deg. tilt

Analog unit gain: 0 dB, LPF: 32Hz (4th-order Butterworth)

A/D 24bit (0~5V), 100Hz sampling, Win format like compression
Data media two 1.8inch 40GB IDE HDDs

DD size lithium cells (ElectroChem, 3.6V 30Ah)
Leveling unit: 2 cells (7.2V 30Ah)

Sensor: 12 cells (14.4V 90Ah)

Recorder: 12 cells (10.8V 120Ah)

Power supply(for 100 days)

[ 1! A
Radio Beacon ', “Tramsdticer
L % N

Supporting Column |

Anchor

1

< % TFi-Releaser

Fig.1. Broadband ocean bottom seismometer with conventional grid type anchor (BBOBS-1). BBOBS-1 was equipped with supporting columns to

reduce tilting effect.
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Fig.2. Broadband ocean bottom seismometer with wide planar anchor (BBOBS-2) before deployment.
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Fig.4. BBOBS-2 (with wide planar anchor) on the seafloor.
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Table 2. Location and test observation period of two broadband ocean bottom seismometers.

Latitude Longitude Depth Start (UTC) End
07/12/20 08/2/4
BBOBS-1 33-38.8303 N 136-36.2466 E | 2065 m 22:10:03 15:24:20
07/12/21 08/2/4
BBOBS-2 33-38.7685 N 136-36.1963 E | 2064 m 07:56:49 15:10:36
Period(s)
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Fig.5. Background noise spectrum of two broadband ocean bottom seismometers for 2 hours. Vertical and horizontal axes are intensity of background
noise level and frequency, respectively. Red and green lines denote vertical and one horizontal component of BBOBS-1, respectively, and black
and blue lines denote vertical and one horizontal component of BBOBS-2, respectively.
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Fig.6. Running spectrum throughout entire test observation period for vertical component. Left and right figures show spectrum of BBOBS-1 (with
grid type anchor) and BBOBS-2 (with wide planar anchor), respectively. Vertical and horizontal axes are elapsed time in hour and frequency,

respectively.
Log Freq(Hz) Log Freq(Hz)
-356-3.3-3.0-2.7-2.4-2.1-1.8-1.5-1.2-0.9-0.6-03-0.0 0.3 06 -36-33-3.0-2.7-2.4-2.1-1.8-1.5-1.2-0.8-06-0.3-0.0 0.3 06
1104 - - i - - 1104 .
== , dB 3 dB
=i -53 -53
920 520
-g2 =82
h i e
2135 Ziss
552 -132 552 -132
368 368
-170 =170
184 184
0 0
Log Freq(Hz) Log Freq(Hz)
-36-3.3-3.0-27-2.4-2.1-1.8-15-1.2-0.8-06-0.3-0.0 0.3 06 -36-33-3.0-27-2.4-2.1-1.8-1.5-1.2-0.8-06-0.3-0.0 0.3 06
1104 — — e 1104 1= - e
= 5 ome == 3 e dB
820 920
-8z =92
738 _@ 738 i3
1 ;E
ss2 —132 52 132
- -170 = -1
184 184
0 0
BBOBS-1 BBOBS-2

Fig.7. Running spectrum throughout entire test observation period for two horizontal components. Left and right figures show spectrum of BBOBS-1 (with
grid type anchor) and BBOBS-2 (with wide planar anchor), respectively.

138 JAMSTEC-R IFREE Special Issue, November 2009, 131 — 140



A. Ito et al.,

I IZIRB) O BN BN TV L7720, FfukhoT
W5, Fig. 6 TR L7z R TEIIZE LT, BBOBS-2
CPHRELB S 1) ORBBMTO 2 4 XA S 512K
WLTWDLZEDbh»b. LaL, Fig 7W2m LK
FER L TIE, H oz ohswv. W
BBOBS & b, KFEZWIZEH LT/ 4 XLV
FMfEETH - 72

5. 5k

TS 10 O 3% B A% 2 I F 72 B B & 1) O BBOBS T
i, ETEIRG D 4 52508 & ) BT S
PR L TWd, FHREBL DAL 2T,
BModbo k) dHEGFEMEE DN v 7)) ¥ 7 HE L
L7z7zdeEzonb. —F, KEBKSICEL T
Hi o7/ 4 ZEBIE RSN h o7z, ZOREKRO D
Lok LTIE, AN BRI o JE 1 &tk
LCFREB D Y OFRBEHEFEAIE D 72 2o 720 BTk A%
FoNnb.

KEB G D ) 4 XL~V LTI, 7 BBOBS
EHRABETH 72 HMBL ) 2V BIHTIE,
CHNETICNBOIY AT A% EAT B2 & THER
A XD, H—bxEBL b, SlEL 7z
RO 7 — T 2 w2 HH%, SHEEHVWS Y AT
L E BRI, KPEHIOMBER, 4 XD L Xovig—4kic
AN THHEZRD.

S OFEBRTIE, MERIEMmEDs Yy T V7%
MESERHEOVEDELT, Bd)OREHEL
IR L7z, 2oR%kiE, ETEEGD /A XLz
IR B BIIEHNTH - 7225, AFEBRL I 15 H
ME SN o 7z BRI o i ik 2R 2 )
AT LWV IICB VTR, S E A 7 AR
IBREAVLELTLIHIROBL ) TRRAEDLDH S &
A SHLIIEHRE, HRHET - ACE R)LW
W RER 2 A 2BlilicB v, KFEE 4 A0
% Higs.

NTO07-23 fiL i, NT08-04 #iL #: T BBOBS ® @i - [ul Y
ZLTFESMMELRS B o®RE, BHNEH B
DOERIESHZH L LT T, G TH 5 ERAHK,

—WEHRK»SIEEELZIA Y PETHE, WXRETO
ETREAMTLE. SSWEHEL T

51 HISCHR

Araki E., M. Shinohara, S. Sacks, A. Linde, T. Kanazawa,
H. Shiobara, H. Mikada, and K. Suyehiro (2004),
Improvement of Seismic Observation in the Ocean by
Use of Seafloor Boreholes, Bull. Seismol. Soc. Am.,
94, 678-690.

Beauduin, R. and J. P. Montagner (1996), Time evolution
of broadband seismic noise during the French pilot
experiment OFM/SISMOBS, Geophys. Res. Lett., 23
(21),2995-2998.

Collins J.A., F. L. Vernon, J. A. Orcutt, R. A. Stephen,
K. R. Peal, F. B. Wooding, F. N. Spiess, and J. A.
Hildebrand (2001), Broadband seismology in the
oceans: lessons from the Ocean Seismic Network
Pilot Experiment, Geophys. Res. Lett., 28 (1), 49-52.

Isse T., D. Suetsugu, H. Shiobara, H. Sugioka, K.
Yoshizawa, T. Kanazawa, and Y. Fukao (2006),
Shear wave speed structure beneath the South
Pacific superswell using broadband data from
ocean floor and islands, Geophys. Res. Lett., 33,
doi:10.1029/2006GL026872.

Tanaka S., M. Obayashi, D. Suetsugu, H. Shiobara, H.
Sugioka, J. Yoshimitsu, T. Kanazawa, Y. Fukao,
and G. Barruol (2009), P-wave tomography of the
mantle beneath the South Pacific Superswell revealed
by joint ocean floor and islands broadband seismic
experiments, Phys. Earth Planet. Inter., 172, 268-
277.

W. C. Crawford, R. A. Stephen, and S. T. Bolmer (2006),
A second look at low-frequency marine vertical
seismometer data quality at the OSN-1 site off Hawaii
for seafloor, buried, and borehole emplacements,
Bull. Seismol. Soc. Am., 96, 1952-1960.

W. C. Crawford, S. C. Webb, and J. A. Hildebrand
(1991), Seafloor compliance observed by long-
period pressure and displacement measurements, J.
Geophys. Res., 96, 6151- 16160.

JAMSTEC-R IFREE Special Issue, November 2009, 131 — 140 139



	ノイズ低減のための広帯域海底地震計設置実験
	An installation experiment with broadband ocean bottom seismometers for reducing low frequency seismic noises.
	1. 背景と目的
	2. 機器
	3. 実験内容
	4. 結果
	5. 考察
	謝辞
	引用文献




