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Abstract
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The DONET (Dense Ocean-floor Network system for Earthquakes and Tsunamis) is a submarine cabled real-time seafloor
observation infrastructure which is designed to realize the precise monitoring of earthquakes and tsunamis on seafloor for
long period. The observation target of DONET is Nankai trough where the one of the highest concern region of mega-thrust
earthquake outbreak at this moment. The development of subsea system was started in 2006 and successfully deployed twenty
set of state-of-arts observatories in 2011. An unprecedented revolutionary subsea construction technologies using ROV (Remotely
Operated Vehicle) was established as a part of DONET project and carried out to make this complex observation system
come true. This paper summarized the designing approach and key components of submarine cabled seafloor network system.
construction method and engineering tools for ROV operation, and evaluation of the performance of observatory and network

refers to some observation results.
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Fig. 1 DONET subsea components

The DONET subsea infrastructure consists of three major components of a backbone cable system, science nodes and

observatories.
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Fig. 2 Schematic diagram of power distribution system for DONET Science Node.
Power distribution system is a balanced CC-CC (constant current to constant current) DC power converter system
to share the electricity from landing station to observatories on seafloor. This system equipped two feedback power
controllers and a dummy load to keep the primary power input continuously constant to protect the observatories from
load variation. The power distribution capacity of each observatory interface is 45 watts maximum.
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Fig. 3 Block diagram of data transmission and time synchronization control system
A SDH (Synchronous Digital Hierarchy ) network management protocol is used for communicating digital information
in this system over optical fiber. Data transmission capacity between terminal equipment on land and a science node
on seafloor is approximately 622 Mbps. A 51 Mbps bidirectional data transmission capability is secured between science
node and each observatory. Precise timing information and time stamp are embedded in the SDH section overhead for
time synchronization control. The time synchronization contral system can provide the less than 1 microsecond of time
synchronizing accuracy among the components of the network system.
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Pressure Sensing System
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Fig. 4 Configuration of DONET observatory
The observatory consists of a ground motion
sensing system and pressure sensing system to
aim for precise earthquake, geodetic and tsunami
observation. The ground motion sensing system is
made up of a broadband seismometer, a strong motion
accelerometer, and a gimbals stage. The constituent
of the ground motion sensing system is assembled in
a ttanium alloy pressure vessel, The pressure sensing
system is composed of a pressure gauge, a differential
pressure gauge, a hydrophone, and a thermometer. All
components of the pressure sensing system are put
in an oil filled container to protect the sensors from
damage by the infiltration of seawater.
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Backbone Cable System

Fig. 5 Scenario of DONET observatory construction by ROV
The DONET backbone cable system is installed to
the seafioor by conventional cable laying method by
cable laying ship. The science node and observatory
are constructed by the ROV on the seafloor after the
backbone cable installation.

Fig. 6 Buried Observatory (Ground Motion Sensing System )
The ground motion sensing system is buried in a
sediment layer to reduce the background noise level
from seafloor environment.
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Photo 3 Extension cable system
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Extension Cable

Extension Cable Management System

Fig. 7 Drawing of Extension Cable Management System
The extension cable management system controls
the cable payout speed voluntarily. The slip roller
mechanically managed the cable payout tension 300 N
maximum.

Stab Rod

Extension Cable System

Fig. 8 Drawing of Bobbin Elevator
The bobbin elevator make possible to lift up and
down the cable bobbin with 10 km length of extension
cable in air and water. The mechanism uses for the
extension cable system set up on board or suspend /
resume the 10 km distance cable laying operation on
seafloor.
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Fig. 9 Drawings of observatory elevator and DROTHY
suction pump system
The observatory elevator and a suction pump system
(named DOROTHY ) are prepared (o observatory
construction. These are additional bolt-on accessories
on the cable laying system.

Fig. 10 Variable Buoyancy Control System
The VBCS is a system able to adjust the buoyancy
of the ROV by pouring or draining seawater to the
pressure resist water tank. It is equipped a pair of 50
L volume pressure resisted water tanks to compensate
the 1 kN of buoyancy additionally in water to maintain
the mobility of the ROV in cable laying operation.
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Fig. 11 A plane view of completed DONET observatory network
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Fig. 12 Captured figure from DONET WEB data browser.

The figure shows the local micro seismic event observed twenty broad band
seismometers (browser shows vertical axis data) in the ground motion sensing

system.
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Fig.13 Background noise power spectorum density of broad band seismometer in the

ground motion sensing system.
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Fig. 14 Observed Tsunami event from the 2011 earthquake off the Pacific coast of Tohoku
The first tsunami wave arrival was 75 min after the main shock. This is 20 minutes faster than the tsunami arrival at
the local shore line. DONET observed approximately 30 em sea level different at the 4300 m depth of seafloor and it was
arown up 90 cm height at the costal tidal gauge station.
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