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Abstract

The broadband ocean bottom seismometer (BBOBS) and its new generation system (BBOBS-NX) have been developed in
Japan, and we performed several test and practical observations to create and establish a new category of the ocean floor
broadband seismology, since 1999. Now, the data obtained by our BBOBS and BBOBS-NX is proved to be adequate for
broadband seismic analyses. Especially, the BBOBS- NX can obtain the horizontal data comparable to land sites in longer
periods (10 s —). Moreover, the BBOBST-NX is in practical evaluation for the mobile tilt observation that enables dense
geodetic monitoring. The BBOBS-NX system is a powerful tool, although, it has intrinsic limitation of the ROV operation.
If this system can be used without the ROV, like as the BBOBS, it should lead us a true breakthrough of ocean bottom
seismology. Hereafter, the new autonomous BBOBS-NX is noted as NX-2G in short. The main problem to realize the NX-2G
is a tilt of the sensor unit on landing, which exceed the acceptable limit (£8°) in about 50%. As we had no evidence at which
moment and how this tilt occurred, we tried to observe it during the BBOBST-NX landing in 2015 by attaching a video camera
and an acceleration logger. The result shows that the tilt on landing was determined by the final posture of the system at
the penetration into the sediment, and the large oscillating tilt more than £10° was observed in descending. The function of
the NX-2G system is based on 3 stage operations as shown in the image. The glass float is aimed not only to obtain enough
buoyancy to extract the sensor unit, but also to suppress the oscillating tilt of the system in descending. In Oct. 2016, we made
the first in-situ test of the NX-2G system with a ROV. It was dropped from the sea surface with the video camera and the
acceleration logger. The ROV was used to watch the operation of the system at the seafloor. The landing looked well and it was
examined from the acceleration data. As the maximum tilt in descending was about £2.5°, the glass float effectively suppressed
the oscillating tilt. The extraction of the sensor unit was also succeeded with the total buoyancy of about 75 kgf within about
2.5 minutes. As the final step experiment, the one-year-long observation of this NX-2G system has been started in this April

with the BBOBS, to obtain simultaneous data for the noise level evaluation.
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practical observations to create and establish a new category of the ocean floor broadband seismology, since 1999. Now, the data obtained by our BBOBS and S 1/3
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BBOBS-NX 1s proved to be adequate for broadband seismic analyses. Especially, the BBOBS-NX can obtain the horizontal data comparable to land sites in longer

glass float

periods (10 s —). Moreover, the BBOBST-NX is in practical evaluation for the mobile tilt observation that enables dense geodetic monitoring at the sea floor.
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The BBOBS-NX system 1s a powerful tool, although, 1t has intrinsic limitation of the ROV operation required. If this system can be used without the ROV, like as
the BBOBS, it should lead us a true breakthrough of ocean bottom seismology. Hereafter, the new autonomous BBOBS-NX is noted as NX-2G in short. The main
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problem to realize the NX-2G is a tilt of the sensor unit on landing, which exceed the acceptable limit (=8 ° ) in about 50% of deployments. As we had no evidence at
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which moment and how this tilt occurred, we tried to observe it during the BBOBST-NX landing in 2015 by attaching a video camera and an acceleration logger. The

Recording unit Acoustic_fomm.
(float) uni

<<.-------

result shows that the tilt on landing was determined by the final posture of the system at the penetration into the sediment, and the large periodic tilting more than £10 ° S
S Y P Y P s¢P S As we should add some floats to extract the sensor unit with the NX-2G, we
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was observed 1n descending ¢ function of the NX-2G system 1s based on 3 stage operations as shown in the schematic image at the right panel. The glass float 1s consider to use this buoyancy for suppression the periodic tilting also. This idea

aimed not only to obtain enough buoyancy to extract the sensor unit, but also to suppress the periodic tilting of the system in descending. stage was examined at the test in 2016, and it seemed working well as shown in two

o) | Y = graphs below. Soon after the releasing from the sea surface, the NX-2G started the
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In Oct. 2016, we made the first in-situ test of the NX-2G system with a ROV. It was dropped from the sea surface with the video camera and the acceleration logger.

The ROV was used to watch the operation of the system at the seafloor. The landing looked well and 1t was examined from the acceleration data. As the maximum tilt tilting. But, when the float started to sink, tension of three ropes (lower left photo)

Sensor unit Landing stage
(free-fall deployment)

Recovery stage

in descending was about +2.5° |, the glass float effectively suppressed the periodic tilting. The extraction of the sensor unit was also succeeded with the total buoyancy of Observation stage Recovery stage started to suppress the tilting until the landing effectively. The final tilt at the

about 75 kgt within about 2.5 minutes. As the final step experiment, the one-year-long observation of this NX-2G system has been started in this April with the BBOBS, seafloor of the NX-2G was well smaller than the limit of the sensor.

to obtain simultaneous data for the noise level evaluation. The recovery is planned in September 2018.
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The amount of required force to extract the sensor unit penetrated into the sediment was measured at the seafloor by using original spring weight

scale at several sites, such as deep sea basin and trench slope. It was ranged from 60 to 80 kgt according to the different type of sedimentations.
The weight of the sensor unit in the water 1s about 38 kgw. Because the buoyancy of the empty Ti sphere housing (D=650mm) 1s about 75 kgf,
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we should add some amount of floats to recover the whole NX-2G system as we should install L1 cells etc inside of the T1 sphere housing.
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BBOB S+APG New style Ultra-Deep OBS tested in 2012 - 2013

| ‘ The first BBOBS had been developed since 1999, and it has been improved continuously during use in

Sensor Liis £ Yo o : | F practical array observations ([1], [2]). The BBOBS with a long anchor (LA) reduces the vertical noise Landlng Double action Observation
| | level, too [3]. By attaching the DPG [4] or the APG [5] stage Transponder stage l
BBOBS noise model @ TO08 site : , ()
BBOBS 2G (Nov., 2006 — Nov., 2007) Gray scal to the BBOBS, we can observe more useful signals in :
BEOBSX ‘Deﬁ;;jf:niy' (::)b »2010) €ol the long period range than the CMG-3T sensor only. Sensor
10 1 0.1 0.01 0.001 0.0001 R 2 - F-
O T T T T BBOBS noise levels in NOMan project ' A package
o ~L ] e |
. 120 1 \ /\\'//\\kK /\ \\/ L
© : H1(os) |
< gé 130 4\ ] A\/ N /\ N N/ﬁ VK\ e Anchor We planed several landing tests, It took 2.5 minutes to extract BB
S g \kj X/\hz /\ 1y bult it faliei dﬁe tl‘() ll)mexpectzd the sensor unit completely
T 3 o ° release of the hook between the |
Wi 1l B g N U% NP DU o ¢/ A\\/ /\\/ uptioos | A similar concept system with the NX-2G (refer the right panel) had been tested as the NUDOBS 1n 2012. It realized the 3 stage main unit and the sensor unit. So after :.he acceptadntce (})lf the
- F Iee_faudepl()yment - g S T cza e T e \/ \/k L operation by using a two step action mechanical transponder that was newly developed for it. The NUDOBS is designed to be the test into the observation stage ?rft% utshicrzzgifr?ri/ns ta(;ec nee
170 NLNM i M Ubos)* | deployed up to 10000 m depth without using underwater cables. This system was deployed at the triple junction off Boso was made w1th the offset anchor. |
P O O e s O O ] [ LM Peninsula (9200 m depth) in 2013 with good status into the observation stage, but it did not answer at the recovery in 2014. Penetration of the sensor unit
0.1 1 10 100 1000 10000 01 02 03 04 05 12 14 15 16 17 18 19 20 21 22 23 24 25 (1009) L ) into the sediment was well.
Period (s) Site No.
The bottom of the anchor
The BBOBS-NX 1s a BBOBS of NeXt generation that can apparently reduce noise levels of horizontal components by using a self-buried (i.e. penetrator) sensor unit In-situ noise test for the NX-2G by the BBOBST-NX in Nov. 2012 - Feb. 2013 shoulq not penetrate for weak
[6]. After the free-fall drop from the sea surface, the deployment and the recovery are performed by the ROV as shown in upper left and center figures. This couphpg by the shape and
development had been started in 2002, and the first practical use was during the NOMan project (2010-2014) by 8 units 1n total. The result of noise levels of BBOBSs RGCOI‘dGI‘ unit the position (height).
used 1n this project shows the relative advantage of the BBOBS-NX (upper right graph). Large Obj ect 1n =
. et (2004 et (2009 . - BBOBST-NX@TOB Hi test of the » 2016 = 2017 ~
BBOBS (+DPG) were deployed in the Stagnant Slab Project (2004-2008) [7], the TIARES project (2009-2010) [8], and several small scale observations. We have the sensor unit o “e
" 30

-80

also finished the 1.5-years-long observation at the Ontong Java Plateau (2015-2016) by using 23 BBOBS (+DPG+LA).
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