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ABSTRACT

We have developed a Super-deep-sea self-popup Ocean Bottom Seismometer (SDOBS) that
can be deployed to the ocean floor up to 9,000 m depth. Because the maximum applicable water
depth of a conventional self-popup Ocean Bottom Seismometer (OBS) is 6,000 m, some areas
have remained inaccessible to seismic surveys, such as the deep part of Japan Trench, where
the Great East Japan Earthquake occurred in 2011. Using a ceramic pressure-tight sphere, we
were able to develop a SDOBS that has almost identical size, weight, and buoyancy to those of a
conventional self-popup OBS using a glass sphere. Regarding the acoustic transponder, which is
a key device for the development of SDOBSes. We heighten the transmitting acoustic level of an
existing acoustic transponder to raise the positioning accuracy. Detailed results of sea tests
conducted to evaluate the acoustic transponder performance are described herein. We used the
same built-in seismometers, recorders, batteries, and other equipment as those used for
conventional OBSes. We also report that by improving the test procedures, we were able to
heighten the measurement accuracy of the uniaxial compressive strength of ceramics, which are
important parameters to determine the applicable hydraulic pressure. We have developed seven
SDOBSes to date, and have deployed 18 SDOBSes cumulatively for seismic surveys in the Japan
Trench and Ryukyu Trench.
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Table 1 Principal characteristics of the silicone-nitride
ceramics SN-240

Item Unit Value
Density kg/m’ 3.3x10°
Water Absorption % 0
gggerzleg ?}?mt Bending MPa 1.020
Young's Modulus GPa 300
Poisson Ratio 0.28

Jigs for alignment

Sphere

Cylinders

Sample to be tested
Anvils

Fig. 2 Apparatus of the uniaxial compression test and
the tool for arrangement
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Table 2 Results of the uniaxial compression test

Method Alignment | with # too
2.594 4137
2.695 3.947
2771 3.642
2.894 3428
Uniaxial 2983 3413
Compressive
Strength (GPa) 3028 3.352
3.029 3.642
3.084 3481
3.184 3.584
3.603
Average 2.986 3.625
Standard Deviation 0.284 0.262
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Fig. 3 Cumulative distribution of uniaxial compressive
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Fig. 4 Cross section view of the ceramic pressure-tight
hemi-sphere
Ri=213mm (inner radius of the ceramic hemi-
sphere), Ro=223 mm (outer radius of the ceramic
hemi-sphere), Ti=144 mm (thickness of the inner
reinforcement), To=17.1 mm (thickness of the
outer reinforcement), d1=11.5mm (diameter of
the through-hole), 0 1=16°, 02=26°, 0 3=38°
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Fig. 5 (a) Example of contour of the calculated minor
principal stress.

Fig. 5 (b) Example of contour of the calculated major
principal stress.
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Table 3 Comparison of the developed ceramic pressure-
tight sphere and a conventional 17 inch glass

sphere

on | v | G | S
Outer Diameter mm 445 432
Inner Diameter mm 426 404
Weight kg 204 177
Volume litter 46.6 42.2
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Table 4 Frequency assignment of the acoustic

transponder
Frequency (kHz)
Command (FSK) 105, 115
Interrogation 13.0
Reply 135,14.0,14.5

Fig. 6 Photograph of the acoustic transponder
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AR EEIEE REETE (135kHz) OREMHEIZZ
NZEN745dB re uPa (A=0°) £1969dB re uPa at 1
mPlE (90°<6<90°) TH-o7z (Table 5). EHD I
mz0°kLTWw5b.
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Fig. 7 Receiving directivity of the transducer
Unit: dB re pyPa
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Fig. 8 Transmitting directivity of the transducer
Unit: dB re yPa at 1m

Table 5 Acoustic pressure of the acoustic transponder

Frequency Test Result
(kHz) (dB re pPa at 1m)

Transmission Level 135 1969 (-90°< 6 <90°)
Minimum Receiving 130 745 (6 =90°)
Level
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Y S E—
Transponder and
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Fig. 9 Shore-test scheme of the acoustic transponder
using a small boat
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Table 6 Results of shore-test of the acoustic
transponder

Response against
Command

Horizontal Measured Slant
Distance (m) Distance (m)

6,000 5983 | Good
5,995
6,036

7,000 6,926 Good
6,976
6,982
No Response
7,033
7,085

8,000 7932 | Good
7979
7988

9,000 8,958 Good
8,963
No Response
8,989
9,077

10,000 9,972
No Response
No Response

9,993

No Response

No Response

11,000 No Response
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Fig. 10 Photograph of the acoustic transponder and
the ceramic pressure-tight sphere being hung
from KAIREI
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Table 7 Response against acoustic command

Water Relative Response | Command Type
Depth | Transmission

(m) Level

dB

2966 +6 |No Response | INACTIVATE
2966 +12 |No Response | INACTIVATE
2966 +18 |No Response | INACTIVATE
2966 +18 |No Response | INACTIVATE
2966 +18 |No Response | RELEASE
2966 +24 | Good RELEASE
2966 +1 |No Response | RELEASE
2966 +24 | No Response | RELEASE
2966 +30 |No Response | RELEASE
2966 +24 | Good RELEASE
2966 +24 | Good ACTIVATE
2966 +18 | Good RELEASE
2966 +12 |No Response | ACTIVATE
2763 +18 | Good ACTIVATE
2723 +12 |No Response | ACTIVATE
2681 +12 | Good ACTIVATE
2611 +6 | Good ACTIVATE
2513 +0 |[No Response | ACTIVATE
2449 +0 | Good ACTIVATE
2370 +0 | Good INACTIVATE
2290 +0 | Good ACTIVATE

Command Type
INACTIVATE : b5 Y ARV &% A1) — TIREIC

35
ACTIVATE : N7 Y ARV ¥ &A1) —TIREP S
EHY 5

RELEASE : H§% Y] ) #9

Wiz, YHEEL 3~ Flactive/inactive I~¥ ¥ K
ERMASREBL, TORELHRLL. ZTOMKE,
Table 7IZRT X 91T, KHE2449 mIZB T, HIFHY%
BHEIE 0 dBTIRED D o 72, X% AE 5 E O e KAl
1330dBTH % DT, KiF2449 miZ B\ Tix, 30dBLL
tox—YrbrbolitETE s BHETORLE
ERRRIC, Zox—T Uik, (EHEEAY10,400 miZ BN
L7256 DAZIRE OB L ) K& .

L2 L, KiEE2966mIZT 5 &, HHxHIY%EEGTE
+18 dBEM TIXIDE MR TE Lrodz. TDLEIHI
DI RERE ORI T LR R R E ST 2 5K &
LT, WEPSDORFOREL, & AT SifEiln
SORHOREENEZ 5N A, Fig. 11IZRT X912,
FERAEIR O 2131213 K 2,800 mi £ OIS 5.
Iy FRETENS2HERW®, FEO#EIL»S
DO E R ZTDLIENEZLND.

wRIZ, BTG L2INEE 5 DWW o—#l % Fig.
1212RT. bT Y ARV FOIREEEEIZ135 kHZIZi%
L7z, T VARV T OKEE, 2966mThH -7
B5i’, ¥4 Y%L a—% (NF: EZ7510, 100
kSamples/s, 16 bits) % FH\WitgkL 7-.
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Fig. 11 Bathymetric map of the transponder test site
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Fig. 12 Example of the received acoustic signal

IHbbESZD

FHIRCTDZERTD ) 4 X LNV SR HH O
HEHIZICHIKGET 5 DT, ZOREBEEIZT 5 S04
TRE R I RIAREERE 2 e 35 2 3L v, LaL,
BT B L) KBRS, [2vin] 12X )&
REFREAEL2,900 m THEBME 5 12§ 205 272 L C
W5,

4. ERIRR

L7t T I v 7 AMEEKESDOBSO G H % Fig.
13 12779, 20124E12H (Obana et al) &20134E1 A
E [hvihn] 12X 2REMBKY12-20 KY1301128
w’CEﬁ%Lf:SDOBS 2 & % i R IRAY & ) THT o

. #96,300 m ~ 7,450 m® H AREEEMIC O 7 HikE
L (Flg. Mo#M), BliFer—2#0Us L7z $7-,
20134 8 J & 11 & H A & B VUt Bifpsi s B\ T
ZhZNSDOBS6 A (Fig. 4OHA) L 5HFMHL
e ERIT R 572,

Fig. 1513 127% 1 L 72SDOBS DI & & JALEE D
[rwvhwv] OEBREZRLZ—BITH LS. KiEE
7320mTH 5. [Hwvive] 1 ZSDOBSIZALTE K2 5

Fig. 13 Photograph of the SDOBS

(a) Ceramic housing

(b) Instruments mounted in the
ceramic housing

(c) Whole device



Sep. 2014
140 141° '
-
40" ‘
\T °

39
g

r

;

"
36. 5:1\\ \\ i
e E—
-10000  -B000 -6000 -4000 -2000 0

Fig. 14 Observation site using SDOBSes
South sites: Dec. 2012 and Jun. 2013 (red circles)
North site: Aug. 2013 (white circles)

Bk, HEha@)#HE7/-e 2 A TSDOBSHE L% B
BLTW5D. OSDOBS i L% Bitd % T ToRfL
HE7ay FL2bDTH 5. T OKFRHNDOIES
DX OBEMERAEII8IMTH -7z, B, FHMEDNDS
O ERERZED 25283 38 (Kb ok Eh)
vz ga (P oRil) OFERAE25mTH 5.
Z DEIEARIED06%IZAHYG T 5.

Table 81F [A\v v ] OFAMIHEKY12-20 £ KY13-01
WKCBWTHMESTICH LTI VAR TG LIk
KEMREHZRL2DOTH S, & 2 HEHIMFEO
T R MR A I ARAE T 2 A%, K T12,900 m B
HEADHINET 52 LRSI, T E Tk Lok
RIAKBEIZT448 mTdH 5 A%, 7KiF9,000 mT b 4@ s 3
LI ENUEELEZ TN,

TR, 3P L2 e N80, 57 m/minfiETdH
D, HERDOBSEIZIZI UARERE -7z

DS Iy ZERIZIE, THEY S AERTRLES

Table 8 Deployment site depth and Maximum slant
range when responding to interrogation

Site Depth Maximum slant range when
(m) responding to interrogation (m)

38 7,320 11,000

39 6,739 12,900

40 6,320 9,500
JMT22 6,725 9,100
JMT23 6,816 8,280
JF1 6,925 7533
JE2 7448 9,700
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Fig. 15 Variation of the located SDOBS and the ship’s
trail
Crosses: ship’s trail
Red and black circles: location of the SDOBS
Blue circle: 20 (o0=43m)
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