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Permanent Ocean-Bottom Seismograph Observation System
by

Seismology and Volcanology Research Division, M.R.TI.

Abstract

The interplate great earthquakes with a magnitude greater than
eight, which have caused huge damage over a wide area since the
dawn of history in Japan, have occurred under the sea bottom between
the Pasific coast and the Japan Trench, Nankai Trough, etc. These
earthquakes are considered to be repeated in these areas in future.
Consequently, for the prediction of them, it is indispensable to
monitor the seismicity in those sea areas. While the Japan Mete-
orological Agency (JMA) and a number of university laboratories are
performing permanent seismic observations at hundreds of stations,
the seismographs used are all land-based ones, which results in
insufficient accuracy of location and detection capability for
small earthquakes in the sea areas.

The anchored buoy ocean-bottom seismograph (OBS) or the pop-up
0OBS could be used for observation in the sea areas. However, even
if the OBSs might catch precursory activities just prior to a big
event, they are in some cases of no use in issuing an earthquake
warning because nobody is immediately informed of it by them.
Under these circumstances, the development of a permanent real-time
observation system in the sea areas had been ardently desired.

The JMA had plans to develop the real-time system and to
monitor the seismicity in those sea areas. The development of the
System was implemented by the Meteorological Research Institute of
the JMA as one of the major items of the third Five~Year Plan of
the National Program of Earthquake Prediction Research in Japan
(1974 -78). The area off the coast of Tokai District was selected
for the area where the System was to be laid.

A number of Japanese seismologists have been afraid that a
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great earthquake may occur in the area. Therefore, the Tokai
District and the surrounding regions (Shizuoka Prefecture, most of
Yamanashi Prefecture, the western part of Kanagawa Prefecture, a
part respectively of Nagaﬁo, Aichi and Gifu Prefectures) have been
designated as "Areas under Intensified Measures against Earthquake
Disaster" by the '"Large-Scale Earthquake Countermeasures Act"
(August 1979).

After its completion, the whole system was transferred to the
JMA and has been operated routinely. The JMA, which is responsible
for the routine seismic observations and for the issuing an
"Earthquake Prediction Information', has plans to lay the same
system in the following three areas off Sanriku, from Sagami Bay
to off the Boso Peninsula, and off Shikoku. No less than the area
off Tokai, these are areas of repeated great earthquakes.

The present paper is a technical report of the development of
the System and will be helpful in constructing an improved one
when it is required for another sea area.

Chapter 1 is the introduction, in which the position of the
System in the National Program is described.

In Chapter 2, the system design and newly developed instruments
are described. The System is composed of a land system and a sub-
marine system with a very high reliability (MIBF is estimated to be
100 years per component). The latter system consists of the terminal
apparatus set at the far end of a submarine co-~axial cable, and
three intermediate apparatus linked to the shore by the cable. The
former system consists of receiving and repeating apparatus in the
shore station (Omaezaki Weather Station), land telephone lines and
receiving and processing apparatus in the observation center
(Seismological Division, JMA, Tokyo).

The frequency range and the dynamic range of the seismographs
are 2 -20 Hz and 0.01 -400 um peak to peak respectively. The
frequency range of 0.2 -20 Hz is also available at the terminal

station. A quartz pressure gage attached to the terminal apparatus
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is a tsunami-meter, with a resolution of nearly 1 mm Ho0 and a long
term stability better than 0.3 mm H20 per day.

All signals of the seismographs and the tsunami-meter are
transmitted by an FM -FDM with S/N of 72 dB in the sea, and they
are demodulated at the shore station, where they are transformed
to digital data of 10 bits per component. By the use of the PCM
communication method, all the digital data are transmitted to the
center via land telephone lines.

Electric power for the submarine system is supplied through
the submarine co-axial cable by a DC constant current. It is
released from the electrode attached near the terminal apparatus,
and sent back to the electrode of the shore earth through the
sea-water and the ground.

In Chapter 3 are described the cable route survey and laying
work. After elaborate investigation on the topography and geology
of the sea bottom, the route was carefully determined so as to avoid
cable breaks. The actual laying of the submarine system was suc-
cessfully carried out in August 1978 by the Kuroshio-Maru, the
newest cable ship of the Nippon Telegraph and Telephone Public
Corporation. Since the terminal apparatus weighs more than one ton
in the water, the newly developed high tensile strength submarine
co—axial cable was employed in laying the apparatus. Prior to the
laying, a number of experiments including trial laying were
carried out.

In Chapter 4 are described the construction of the shore
facilities: shore earth work, shore station building including
appurtenant facilities and the protection work of the shore cable.
For the 35 km segment which lies on seabeds less than 500 m below
the surface, a single or double armored cable was used in order to
avoid trouble caused by dragnet fishing. Furthermore, for seabeds
less than 50 m below the surface, various kinds of trouble due to
waves and currents have been experienced. Therefore, the double

armored cable guarded by a steel protector was buried in the sea
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bottom mud.

A half year's test observation was carried out in advance of
the transference of the System to the JMA. Chapter 5 includes
preliminary reports of some interesting facts observed in the
course of the test operation.

- There are several earthquakes which would not have been
detected and located without the System. Therefore, as has been
expected, the details of the seismicity in the area will become
clear by use of the data obtained by the System.

One of the interesting facts about the tsunami-meter is that
it can work as a kind of long-period vertical seismometer.

Seismic waves generated by the earthquake near Etorofu, December

6, 1978 (My=7.7), were recorded on the tsuﬁami records. Another
interesting fact is that it is available as a level meter to detect
crustal movements, because its resolution and stability are good as
mentioned above. It may be able to catch the change of the level
due to the pre-seismic movement just prior to a break. There has
not yet occurred any tsunami in our sea area until now, but the
ocean tide level of the open sea is always recorded on the tsunami
records. A close correlation is recognized between the tide level
recorded by the tsunami-meter and that by the tide gages at shore
stations; that is, the amplitudes of the two are almost equal and
the phases show systematical lags, as is expected by theory.

The source voltage of the electric power for the submarine
system is continuously monitored. 1In spite of the high stability
of the source current, the source voltage shows a slight daily
change. It 1is found that the change is proportional to the time
differential of the total force of the terrestrial magnetism.
Thus, the observation of the voltage is expected to give new kinds
of observational data such as those for geopotential, conductivity
and so on. If any precursory change related to geoelectromagnetic
phenomena occurred, it might also be detected by observation.

Chapter 6 contains various papers dealing with the development

-8 —
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of the System. In the course of the development, meetings of the
working groups were frequently held. Important discussions at the
meetings also appear in this Chapter.

Chapter 7 comprises reviews, acknowledgements and sd on.

The proceedings in the Congress to establish the fundamental

policy of research for the JMA are described in the Appendix.
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Photo, 2.3 Quartz pressure transducer
for the tsunami-meter (the
lowest).
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Fig.228 Relation between the cut angle

and temperature characteristics
of the BT cut quartz.
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Fig.2.29 Block diagram of the

tsunami-meter,
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Photo, 2.4 Transmitter for the
intermediate apparatus,
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Fig.2.33 Block diagram of the
transmitter for the
intermediate apparatus,
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Fig.2.35 Block diagram of the frequency modulator,
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Fig,2.36 Frequency‘ modulator (in FM MOD
of Fig,2 33).
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Fig,2.49 Power separation filter 2 (PSF 2
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Fig.2.50 Power supply for the
intermediate apparatus,
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Fig.2.54 Flow chart of the control.
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Photo, 2.5 Sea earth,
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Photo,2.6 Receiving and processing apparatus in the observation
center (Seismologice! Division, JMA).
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Photo, 2.7 Power supplier for the

submarine system in the shore ﬁj\:%ﬁén&o
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Fig.2.60 Power separation filter in Photo.2.8 Power separation filter
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Photo. 3.11 Laying of the terminal apparatus.
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Photo. 8.12 Laying of the terminal apparatus
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Photo.3.18 Laying of the sea earth cable. Photo. 8.14 Laying of the sea earth.
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Fig. 821 Seizing of the sea earth cable (upper) and
T-AEB(FE3 14 )LAF of the sea earth (lower).
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. Photo. 8.15 Echo of pinger of the terminal
23 VTNRENTNS) Lk, 2SR, EE apparatus at the moment of reaching

the sea bottom.

- 104 —




FAEFETEMBESES H45 1980

BEHE316 AXI}FSATFI534¥—TR~ FHE3 1T MFEFoOMmBEHHN
FM—-FDMES Photo. 8.17 OQutput of the seismograph
Photo. 83.16 FM—FDM signals observed in the laying work.

with the spectrum analyzer.
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TH318 A REE O Photo. 3.19 Laying of the intermediate
Photo. 3.18 Laying of the intermediate
apparatus.
apparatus.
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Photo, 3.20 Joint box to joint another
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Fig. 3.22 Slack of the cable near the

terminal apparatus.
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Fig. 8.23 Pinger to determine the precise

location of the intermediate seismograph.
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3.24 Measurements of the precise
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Photo. 8.21 Echo of pinger during the

measurement of the location

of the seismograph.
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Fig. 8.26 Echoes of pinger when the location of the intermediate

seismograph was measured.
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Protectors for armored cable near the shore.

FEE3.26 r—71NDbi#TLE

Photo. 3.26 Protection work for the

cable near the shore.
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Photo. 3.27

Protection work
for the cable
near the shore.
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K 3.32 K3 31IIRLFAEL~ OBFER (KETEE R
Fig. 3.32 Cross sections along the survey routes in Fig. 8.31.
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(8.8 M33lIALEFARL— OB ER
Fig. 3.33 Cross sections along the survey routes in Fig. 3.8L
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(334 M3 8LIZRLIHEN — + 0 ER CREEEHRE, F3.35%T)

Fig. 3.34 Cross sections along the survey routes in Fig3.31

X 3.8 R33WARLAEZFAMEL— OB ER
Fig. 8.35 Cross sections along the survey routes in Fig. 3.31L
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BHEB330 fFEA—rOBER (D

Photo. 3.30 Cross section of the cable route.

EH 381 Ak —+ OWTER (M)

Photo. 8.31 Cross section of the cable route.
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Fig. 5.6 Records of earthquakes which show an anomalous amplitude ratio between
P and S waves. Such earthquakes appeared occasionally.
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Fig. 5.6 Examples of seismograms with typical T waves.
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Fig. 5.7 Examples of records with strange
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gation and whose origin cannot be Do REUZ B LB 2272 PR D
identified, no relevant report BECPE LBUORBENBELNS o
being available in spite of their Fig. 5.8 Example of the record with
certain appearance. reflected P wave at the sea surface.
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Fig. 5.9 Response of two types of the seismome-
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Fig. 5,10 Simultaneous record of the interme—
diate apparatus installed in three
different sites, in which different
characteristics of microseisms can
be seen. Upper part of each record
shows homogeneous microseisms, but

not the lower part. This perhaps

means that their origin moves
according to the sea condition.
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Fig. .11 Comparison of three kinds of

phenomena observed at Omaezaki
Weather Station and the correspond—
ing microseisms.,
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Fig.5.12 Spectra of the sea

levels observed with the
tsunami —meter in the deep
sea (broken line), and with
the tide gage at the coast
(solid line ).
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Fig. 5.18 Example of the record to examine the reso~
lution of the tsunami—meter. By this it has

been ascertained that the practical resolution

of the tsunami—meter is better than five

millimeters.
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Fig. 5.14 Example of monitor records at

Omaezaki Weather Station. The tob
trace is due to the standard tsunami—
monitor to show the typical noise
which was caused by the temperature
change around the tsunami —meter.
The second trace is the signal of
the tide gage at Point Omaezaki to
show directly similarity with tide
and difference from noise of the
tsunami— meter. The third shows the
low—magnification component of
the tsunami—meter for long—term
monjitoring, and the lowest is a
typically stable record of the
standard tsunami—monitor.
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Fig. 5.15 Daily change of the supply voltage of terrestrial magnetism for one
for one month. Marks in the figure month.

correspond to the marks in the
following figures, which show the
onset time of the magnetic storms.
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Fig.5.17 Daily change of the declination

of terrestrial magnetism for one
month,
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Fig. 5.19 Comparison of the daily pattern of supply voltage change and that of
terrestrial magnetism. Left part shows similarity with the averaged voltage
change and the declination component, and the right part similarity with the
integrated voltage change and the averaged total force. Dotted lines show
maximum and minimum data at each hour in the month, in order to show the

cause of the data fluctuation indirectly.
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Fig.5.20 Curious phenomena in the supply voltage change. Phenomena in Fig. a.
but those in Fig. b.

can
be observed to occur in connection with regional thunder,

cannot be explained at ail.
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Fig. R 1.3 Vibration test levels.
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Fig. R 1.4 Shock-proof test of the diaphragm springs
(cf. Fig. R1.3) .
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Fig. R1. 6 Resonance frequency for the yawing motion of the
pendulums, the diaphragm springs of which have differ-
ent thicknesses.
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Fig. R 1.7 Shock-proof test of the diaphragm springs for the
yawing motion.
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Fig. R1.8 Test prior to the test of Fig R
1.7, for shock-proof property
against linear motion.

BEARBEOBREFREL 6 BOETRB[IC OV THE LZERAZEMK LICTRT. WIFhd 03%,C
LINTH %o BEICRESNIEGADERS DREL L DRI D EHEERT BIURERFEENC
FRELBBELTHEAN R, FRBOUBE CIIABEKELY 10C(£5°C) LR TSN LTHEhTHY
6®f,ﬂ%%&ﬁtﬁﬁvm%bkmﬁﬁﬁﬁmﬁé,ﬁﬁ;ﬁﬁmﬁé%mﬁmﬂﬁﬁﬁﬁmﬁkh

BTz LICRIBT v,

BRETIIFMAEDE LVWEETH Y, BE « BEREICZ ORETLFo0L DIl T0izd- 7z
BDTHD. —Ih, BEDBRELEFMEOSREBEE (55C, 48KE)BIF1 YA Ee— 5V
BTV, W THHIBEHEMOEEAZLERRD ONLENWI LEEIDTH D,

NATURAL FREQ.

(Hz2)
5.0 4 .
.____—./‘-’f‘—_ R
4 . - ) i B
_ k "

1 , . .f-~"“‘-~..___“

4,5 4

o e ——

\';

13 L J L \J LN
0 10 20 30 4o 50
TEMP. (°0)

Rt 19 ZHBEEREBORERE, 64
DEWMBCOVTEAFERLTH
5. i ) g

Fig. R1.9 Examples of ‘temperature

characteristics of the natu-
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Fig. R2.2 Noises of 154A and OP- Fig. R2.3 Noise of 157A referred
05 referred to the input. to the input.
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Fig. R2.5 Example of source voltage character-
istics of the equalization amplifier.
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Fig. R4 3 Overall frequency response for
the vertical component.
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Fig. R6.1 Experiment of electrolytic Photo. R6.1 Experiment of electrolytic
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FHH8.1

Photo.R81 All the FM-FDM signals
observed with the spectrum
analyzer.

TEWS 3 SMEE (HMERS) HOES
( Bk 2kHz/div., k10
dB/div.)

Photo. R8.3 Seismic signals from the
terminal apparatus.
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Photo. R8.5

Seismic signals from the
intermediate apparatus No. 3.

ARZ N FATFIA ¥ —TRIE
YAFADFM-FDMES (HH
20kHz/div., #tih 10dB/div.)

1980

EH8 2 ANZFFATFIFAF—TRLE
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Photo. R8 2 Background noise observed
with the spectrum analyzer.
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Photo. R8.4 Seismic signals from the
intermediate apparatus No, 2.
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Photo. R8.6 Seismic signals from the
intermediate apparatus No 4.
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Fig. R82 Terminal apparatus for the submarine cable.
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FEEPS. 7 X8 2 DNBEHRDOEES

Photo. R8.7 All the signals after the
instaliment shown in Fig. R
82.

BHER8 9 X8 2 DAEEOSMBERES
(HIgKsy )

Photo. 8.9 Seismic signals from the
terminal apparatus after the
installment shown in Fig.R
8.2 .
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BHES 8 X8 2 DMERDOBREES

Photo. R88 Tsunami signal after the
installment shown in Fig. R
82.

BEP 8 10 BUHt 8. 2 DALE R DONo. 2 PRI

B OES

Photo. R8.10 Seismic signals from the
intermediate apparatus No. 2
after the installment shown
in Fig. R8.2
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B0 8. 2 DALEH DNo. 3 PRIAE
Brb0ES

Photo. R811 Seismic signals from the
intermediate apparatus No3

after the installment shown
in Fig. R8.2 .
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BHEMS 12 X8 2 DAEH DN 4 PRISEE
B0HOES

Photo. R8.12 Seismic signals from the
intermediate apparatus No4

after the installment shown
in Fig. R8.2.
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XEt9.1 ERFE—AK

Fig. R9.1 Precise method to guide the
survey boat perpendicular to
the coast.



[EMERENRE HB45 1980

(© Base

O Position

—— Survey Line (Paralel)

Xt 9. 2 3 2ME
Fig. R9.2 Precise method to guide the survey boat parallel
to the coast.
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