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  JAMSTEC launched the Submarine Resources Research Project in April 2011 for intensive research and technical development on submarine resources. In this project, research is being conducted to deepen the basic understanding of the substances and ecosystems that inhabit the mysterious world of the sea floorusing unmanned robots that can explore the seabed, and the Scientific Deep Sea Drilling Vessel CHIKYU.

  

  The CHIKYU will also be used for the first offshore production test of the submarine resource methane hydrate, to be conducted in fiscal 2012 by the Ministry of Economy, Trade, and Industry. Methane hydrate is a promising next-generation energy source, and efforts for its future practical utilization are being made by the MH21 Research Consortium, a joint industry-academia research team in which the Japan Oil, Gas, and Metals National Corporation (JOGMEC) is playing a leading role. Eiichi Kikawa, Project Leader of the JAMSTEC Submarine Resources Research Project, welcomed Associate Professor Yoshihiro Masuda of the University of Tokyo, who serves as a Project Leader for the MH21 Research Consortium, to a discussion of submarine resources and the expectations for research using CHIKYU in this area.

  (Published in March 2012)


  Scientific Drilling and Seabed Resources


  
    	Kikawa


    	When was our first meeting? Was it before working together on CHIKYU?


    	Masuda


    	We first met back in 2002, at the time of the Integrated Ocean Drilling Program (IODP) conference, when I visited you in Washington DC, where you were staying. My impression was that our ways of thinking at the time were quite different even though we both shared an interest in drilling, because my focus of research was oil drilling, whereas yours was scientific drilling.
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    	Kikawa


    	In scientific drilling, the emphasis is on drilling in many different areas and collecting cores, or samples. This differs from oil drilling, as you know, where your interest is on finding resourcesand even when drilling you do not always take cores. At that conference in 2002, researchers involved in both scientific drilling and oil drilling exchanged information and discovered areas where our respective technologies would be useful to each other. Many of the technologies developed for oil drilling have been adopted in scientific drilling. And the information gained from that conference is still fostering technical development.


    	Masuda


    	What kinds of activities are being carried out by the Submarine Resources Research Project, where you serve as project leader?


    	Kikawa


    	In the IODP expeditions using the CHIKYU, we discovered a large, lake-like reservoir of hot water thought to produce hydrothermal ore deposits, located under the sea floor of Okinawa Prefecture in an area of hydrothermal eruptions. We also found a coal bed under the sea floor off Hachinohe in Aomori Prefecture where a large amount of methane gas-producing microorganisms exist. We are conducting research to unlock the mysteries of this sub-seabed world that will lead to the use of these resources. For example, we are studying the formation of seabed hydrothermal ore deposits and cobalt-rich crust, which are promising as huge mineral resource deposits. And we are also exploring the kinds of environments in which methane hydrate is produced within the seabed.（See Sidebar）

  


  Research Conducted Alongside Drilling


  
    
      	Kikawa


      	What was your first encounter with methane hydrate like?


      	Masuda


      	After finishing graduate school I was hired by an oil company, but during the training period at an oil production base I made a mistake with a gas dehumidifier and accidentally blocked a natural gas pipeline with hydrate. This firsthand experience of the difficulty of melting hydrate once it forms was my initial encounter. Later I returned to university and began to study methane hydrate as a natural resource.


      	Kikawa


      	Considerable attention has been focused on methane hydrate as a next-generation energy source, wouldn’t you say?


      	Masuda


      	Methane hydrate has been called “fire ice.” It is a solid like ice that contains methane, the main component of natural gas. It exists in the low-temperature, high-pressure geological strata below the sea floor, and a zone has been found around Japan that contains an amount of this resource equivalent to a large oil field. It also has the advantage of emitting a smaller amount of carbon dioxide than petroleum when burned. In the first offshore production test of the MH21 project, in early 2013, gas will be produced from sub-seafloor methane hydrate. This will be the world’s first trial, and by February 2012 a well located in the eastern Nankai Trough will be implemented for the production test.
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        	Research conducted alongside drilling

      

    


    
      	Kikawa


      	Now, tell me, is it possible for any drilling vessels other than the CHIKYU to perform such a mission?


      	Masuda


      	Well, it would be difficult to do without a vessel like the CHIKYU, because she can conduct research while drilling. A normal oil-drilling rig doesn’t have enough working space and experimental equipment necessary for scientific research.
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    	Kikawa


    	That’s the reason the CHIKYU has been called a “floating laboratory,” isn’t it? The vessel is capable of keeping the cores at high pressures as they are directly taken from the high-pressure seafloor during their analysis on board, and these cores can be stored securely.


    	Masuda


    	In the eastern Nankai Trough, where the well is being drilled, ship operations can be difficult because of the strong currents.


    	Kikawa


    	The ability to operate in such conditions is one of the strengths of the CHIKYU. With its dynamic positioning system (DPS), it can continue drilling in the same place without being carried away by winds, waves, or the current.


    	Masuda


    	We are moving ahead with phase two of the MH21 project. Next year’s offshore production test will not only lead to extraction of methane hydrate resources soon, but we think it also represents a big step forward toward future commercial viability. Looking ahead, in addition to drilling we also hope to train personnel capable of handling a wide range of jobs related to marine resources.


    	Kikawa


    	At JAMSTEC we are also moving forward with scientific research on methane hydrate. Using the CHIKYU allows us to expand the range of our research on marine resources. Given this capability, we hope to create mechanisms that can effectively integrate the drilling technologies cultivated in oil drilling with the scientific knowledge obtained from scientific drilling. People with a wide array of skills will be needed to do this work, so we would love the people you have trained to actively participate in our project. Thank you for taking the time to talk with me today.

  


  
    Submarine resources are gifts from the earth and sun


    　Below the seafloor lie energy resources such as natural gas and methane hydrate, and mineral resources such as seafloor hydrothermal ore deposits, cobalt-rich crust, and manganese nodules. Energy resources derive from organic matter, produced through photosynthesis. They are truly gifts from the sun. Methane hydrate is very promising as a next-generation energy source. Mineral resources, in contrast, derive from non-organic matter produced within the earth’s interior. They can thus be called gifts from the earth. Seafloor hydrothermal ore deposits are formed by the sediments of useful metal components such as gold, silver, copper, and other rare metals that are dissolved in the hot water that erupts from the seafloor. The cobalt-rich manganese crust consists of ferromanganese oxide, which is almost like a covering on the seafloor. In addition to cobalt, the crust is thought to contain an abundance of platinum, rare metals, and rare earths. In the summer of 2011, it was reported that deep-sea sediment from the southeast and central regions of the Pacific Ocean, which appeared to be ordinary mud, actually contained high-quality rare earths. The deep-sea sediment used in this study included samples collected through the Ocean Drilling Program (ODP), the predecessor to the IODP.
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      Burning “fire ice” an artificial methane hydrate

      Source: MH21 Research Consortium

    

  


  Originally written in Japanese by Narumi Sato;Photo by Kunio Arai;English translation by Japan Echo Foundation.


  Links


  News


  
    	Research Consortium for Methane Hydrate Resources in Japan


    	Frontier Research Center for Energy and Resources, School of Engineering, The University of Tokyo


    	Submarine Resources Research Project
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  Graphic Guide


  Dynamic Positioning System Hi-tech System Maintains Position on Seas Buffeted by Wind, Waves, and Tides
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    Interviewee:

    Yasuyuki Yamazaki

    Engineer

    Engineering Group, Operations Department

    Center for Deep Earth Exploration (CDEX)

  


  Maintaining a fixed position is an essential requirement for drilling the ocean floor from a drilling vessel. During drilling operations, CHIKYU is connected to the ocean floor by a metal pipe, and any drift in the vessel’s position could cause a major accident. Thanks to its dynamic positioning system, CHIKYU is able to maintain its position on the ocean, despite winds blowing from all directions, crashing waves, and swirling tides. We take a closer look at the system and the advanced technology that makes it possible.

  (Published in March 2012)


  Technology to Hold the Vessel in Place


  　There are two ways a ship can maintain its position on the surface of the ocean, where it is constantly subjected to the forces of wind, waves, and currents. One is for the ship to be fastened in position using an anchor or other mooring device. This way, the ship is prevented from moving by being physically fixed in position. The other method is to adjust the ship’s position using thrusters like huge propellers attached to the bottom of the ship. If the wind is blowing from south to north, for example, the ship can be kept in the same position by balancing the northward force of the wind with an equal force propelling the ship from north to south.


  　CHIKYU’s dynamic positioning system (DPS) operates according to the second of these two principles. DPS technology is widely used in drilling vessels that extract resources from the seabed, but because the effects of external forces on the vessel vary according to the shape of the bow and the bottom of its hull, CHIKYU uses a specially developed system.
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      	An azimuth thruster measuring approximately four meters in diameter, with an output of 4,200 kW. The three thrusters at the bow and one at the center of the stern are retractable, and in shallow water only the two at the stern are used for navigating.

    

  


  　Six azimuth thrusters are attached to the bottom of CHIKYUthree at the bow and three at the sternas well as a single side thruster at the bow. Each thruster is powered by electricity from a generator.


  　The azimuth thrusters measure about 4 meters in diameter and can be rotated through 360º in a horizontal direction. CHIKYU’s DPS automatically controls the direction of the thrusters to maintain the boat in the assigned position and orientation while minimizing the total electricity consumption of the thrusters. CHIKYU uses all its thrusters when maintaining position with the DPS and two stern thrusters alone for tasks such as changing location within a bay. The side thrusters are mainly used for moving in port, but are also used for maintaining position with the DPS.
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      	A global positioning system (GPS) constantly checks the vessel’s position, and the vessel is maintained constantly in a fixed position by seven thrusters (six azimuth thrusters and one tunnel thruster) that can rotate through 360 degrees to ensure that the vessel is not shifted out of position by wind or waves.

    

  


  　“If the DPS broke down, the vessel would no longer be able to maintain its position or move to its intended destination,” says Yamazaki. “If that happened during submarine drilling, it could cause a major accident. The DPS has doubled and redoubled safety measures in place to ensure that functionality is maintained even if some of the equipment fails. The ship can still be controlled even if one of the thrusters breaks down.”


  Support from Land for Smooth Operation


  　The system needs a range of information in order to move the thrusters as required. This includes information on location, for which CHIKYU uses a satellite-based global positioning system (GPS) and an acoustic positioning system. Two systems are used for safety reasons. For example, if a solar flare knocked out the GPS satellite so that it could no longer receive radio signals, the vessel would need another way of obtaining location information. The acoustic positioning system works through transponders installed on the ocean floor. These bounce back signals sent out by the vessel and allow it to calculate its position. This mechanism is quite different from that used in a GPS, since it does not involve any exchange of signals with a satellite.
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      	DPS positioning information screen

      (Photo courtesy of Mitsui Engineering and Shipbuilding Co., Ltd.)

    

  


  　The hardware built into the DPS includes a wind vane, an anemometer, and a gyrocompass. Data from these instruments is processed by the onboard computer system and used to control the thrusters. During drilling tests in 2006 there was a gale with maximum wind speeds of 26.8 m/s, but even under these conditions the vessel maintained its position to within approximately 10 meters. The system can also control the inclination of the riser pipe used for drilling to within an operational tolerance of two degrees. This high degree of accuracy is indicative of the advanced technology used in the system.
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      	DPS thruster information screen

      (Photo courtesy of Mitsui Engineering and Shipbuilding Co., Ltd.)

    

  


  　The DPS is operated by navigation officers with specialized DP operator qualifications. Despite the huge size of the vessel, they need to be capable of making minute adjustments to its position, as the scientists deciding where to drill may ask for the vessel to be moved just a few tens of centimeters one way or another. When the DPS is holding the vessel in position, the DP operators keep watch on the DP console in the control cabin, or “bridge.” Monitors show a range of information, such as the vessel’s position and orientation, the external forces on the vessel such as wind and waves, the azimuth angle of the thrusters, and the operating status. They need to be constantly alert so as not to miss even the slightest abnormality.


  　Yamazaki and other personnel form a shore crew that carries out maintenance when the vessel is in dock and provides constant logistical support for operations when it is at sea. Thanks to this careful coordination on land and sea, the DPS has never once experienced any serious problems. CHIKYU’s safety is guaranteed by advanced equipment with doubled and redoubled safety measures, together with the careful operation by a highly professional crew.
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  Originally written in Japanese by Aiko Hayashi;Photo by Kunio Arai;English translation by Japan Echo Foundation.
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  Discover the Earth


  Earthquake Traces in Unexpected Zones: Exploring Historical Quakes in the Subseafloor
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    Interviewee

    Dr. Arito Sakaguchi

    Research Scientist,

    Institute for Research on Earth Evolution (IFREE)

  


  We cannot prevent undersea earthquakes and the tsunamis that follow them, but for many years scientists have been struggling to understand these natural phenomena. Rock samples obtained by the Deep Sea Scientific Drilling Vessel CHIKYU are expected to help explain the mechanism of earthquakes and tsunamis and to contribute new knowledge to the field of seismic research. We talk to Dr. Arito Sakaguchi, a researcher who has joined the expedition and discovered traces of past earthquakes at the tip of the plate subduction zone for the first time ever by studying an organic matter called vitrinite.

  (Published in March 2012)


  New Evidence Defies Conventional Perception of Earthquakes


  　A major earthquake measuring in the range of magnitude 8 occurs in the Nankai Trough, south of Japan’s main island of Honshu, once every 100 to 150 years. As the Philippine Sea Plate to the seaward side of the trough sinks under the continental plate on the landward side, energy is stored up in a massive fault known as a megasplay fault. When the fault reaches its limit, it rapidly slips, causing the earth to shake. This is currently believed to be the scenario that results in the Tonankai earthquakes afflicting the central part of the Nankai Trough. However, there are actually a number of faults, and we still do not know exactly which of these will become active, or when.


  　One of the rock samples collected by CHIKYU is a sample drilled at site C0004 on the surface of the megasplay fault. Dr. Sakaguchi believed that if traces of frictional heat were found in this sample, it would demonstrate that this fault had caused an earthquake.


  　“When the fault rapidly slips, the surface momentarily reaches between 300 and 400 degrees centigrade, altering some of the organic matter in the rock,” he explains. “This means that if we investigate the organic matter in the samples we have collected and find traces of alteration due to heat, this would be physical evidence that a slip actually occurred.”


  　The organic matter that Dr. Sakaguchi focused on is a type of coal called vitrinite. A high-speed fault slip should result in the vitrinite at the site of the movement being more carbonized according to the frictional heat. Vitrinite carbonization results in changes to its reflectance, so measuring the reflectance of the sample will show how intensely it has been exposed to frictional heat.


  　Researchers use vitrinite reflectance when investigating the composition of coal, but the vitrinite in Dr. Sakaguchi’s samples was several orders of magnitude smaller than the samples normally used. Dr. Sakaguchi had to devise his own instruments for measuring the reflectance. It was a mind-numbing task, taking a full eight-hour working day to carry out measurements on a 2 cm segment of the core sample. However, it has steadily produced resultsclear traces of frictional heat have been found.


  　“Faults may or may not be seismic,” says Dr. Sakaguchi. “However, this research has shown that the megasplay fault of the Nankai Trough was undoubtedly the result of earthquakes.”


  　Samples from sites other than C0004 have also been measured in the same way, and a sample from site C0007 has also displayed alterations due to heat. This is located at the tip of the continental plate and the toe of the accretionary wedge. This sample was collected from soft rock at a shallow depth below the ocean floor. Such areas were traditionally believed to be aseismic, but this discovery has revealed a completely new picture.


  　“Earthquakes have occurred even in the shallow areas under the ocean floor,” explains Dr. Sakaguchi. “In other words, slips can occur across a far wider area than we previously believed. This means that there is the possibility of a tsunami bigger than anything we have so far envisioned. As long as there are no major changes in the environment of the area, what has happened in the past is sure to happen again. I hope the findings will be put to good use in future disaster preparation measures.”
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      	Cross section of the drilling area in the Nankai Trough

    

  


  Pinpointing Past Earthquakes from the Strata


  　Dr. Sakaguchi is also working to geologically date major earthquakes that occurred in the past.


  　In a reverse fault earthquake, plates pushing against each other result in a compressive force. Generally, the hanging wall (the plate pushed upward in a quake) is greatly damaged, while the footwall (the plate that is sinking) remains mostly undamaged. The deposits in the hanging wall are crushed by the earthquake, as a result becoming a soft mud known as mud breccia.


  　New deposits subsequently form in the area damaged by the earthquake, so that if the age of the mud breccia within the subsurface strata can be determined, that will indicate the year in which the earthquake occurred.


  　The collected samples did not reveal any special structure when observed by the naked eye, so Dr. Sakaguchi examined them in 3-D using X-ray computed tomography. He was able to confirm the presence of mud breccia in at least five strata from site C0004. Radiometric data using lead 210 (half-life 22.3 years) and carbon 14 (half-life 5,730 years) showed that the most recent mud breccia had formed in 1950, ±20 years.


  　“There’s very little doubt that this is from the Tonankai earthquake that struck in 1944,” says Dr. Sakaguchi. “There was mud breccia at site C0004, but none at site C0008. So it’s likely that the splay fault between these two points shifted.”
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        	The area of the Nankai Trough where CHIKYU is drilling
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        	Geological sturucture of the drilling area in the megasplay fault in the seismic zone (Site C0004) of Nankai Trough and in the shallow tip of the plate boundary fault (Site C0007). The results show that earthquakes occur even in shallow parts of the ocean floor.

      

    

  


  　Dr. Sakaguchi is hoping to explain the size of the energy next. Rocks have a mixture of hard and soft minerals. When force is applied and then released the hard minerals return to the way they were, while soft minerals retain traces of the changes. By putting this theory to use, he says he will be able to analyze the force, and thus the energy, that was applied to the rock.


  　CHIKYU will continue to bring back new samples from the ocean depths, and these samples are sure to disclose new information.
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      	Measurement of the reflectance of vitrinite from the fault zone revealed traces of historical quakes (the red areas).

    

  


  Originally written in Japanese by Aiko Hayashi;Photo by Kunio Arai;English translation by Japan Echo Foundation.


  Links


  News


  
    	Press Release in Octover 3, 2011

    Evidence for Rupture Caused by 1944 Tonankai Earthquake

    - NanTroSEIZE Drilling Project by Chikyu Reveals -


    	Press Release in April 28, 2011

    Evidence of Tsunami Generating Seismic Rupture

    - Indicated by Cores from NanTroSEIZE Expedition by D/V CHIKYU -


    	Article (Geology)

    Episodic seafloor mud brecciation due to great subduction zone earthquakes


    	Article (Geology)

    Seismic slip propagation to the updip end of plate boundary subduction interface faults: Vitrinite reflectance geothermometry on Integrated Ocean Drilling Program NanTro SEIZE cores


    	IODP Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE)


    	IODP Expedition 316, which Dr. Sakaguchi was onboard
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  Face


  Chief Engineer Makoto Horie Using the Senses to Handle Equipment
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    Interviewee

    Makoto Horie

    Chief Engineer

    Mantle Quest Japan Company Ltd.

  


  The research vessel CHIKYU is undertaking the first research in human history aimed at reaching the Earth’s mantle. The heart of the vessel is the engine room, fitted with eight diesel generators. The electrical power produced there is used to propel the ship and operate its drilling machinery, as well as to provide onboard lighting and seawater purification for the crew’s everyday needs. We talked to Chief Engineer Makoto Horie to find out more about the workings of the engine room, which ensures the navigational safety of the CHIKYU.

  (Published March 2012)


  Special Mission as a Research Vessel


  　CHIKYU has a special mission as a research vessel. To help it carry out this mission, the ship is fitted with medium-speed diesel engines that produce all the electric power it needs. The engines on the CHIKYU not only propel the vessel, as is the case for most ships, but also are used to generate electricity to operate its drilling equipment.


  
    [image: A view of the engine monitoring room, where the operational status of the ship’s engine can be checked. ]


    
      	▲


      	A view of the engine monitoring room, where the operational status of the ship’s engine can be checked.

    

  


  　“The capacity of the generators is on a par with that of a ship built to carry around a thousand passengers,” explains Chief Engineer Makoto Horie. “When you consider that the maximum number of personnel onboard CHIKYU is two hundred, it gives you some idea of just how much this is a special-purpose vessel.”


  　Horie is a veteran with more than 30 years’ of maritime experience, but CHIKYU is unique among the ships he has served on during that long and varied career. Along with its huge power generator, CHIKYU is regarded as the main ship of the Integrated Ocean Drilling Program, and therefore needs to have an unparalleled level of safety.


  
    [image: Team members enjoy a pleasant chat during their time off. Working together for long periods on the same ship has allowed crew members to build up a relationship of mutual trust and pass on skills to each other.]
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      	Team members enjoy a pleasant chat during their time off. Working together for long periods on the same ship has allowed crew members to build up a relationship of mutual trust and pass on skills to each other.

    

  


  Even as Machinery Evolves, Nothing Can Replace Human Senses


  　The insistence on safety can be seen in the redundancy of the generators. CHIKYU has six 5,000 kW main generators and two 2,500 kW auxiliary generators on board. They are arranged along both sides of the ship, separated by watertight doors. This layout ensures that even if one side of the ship were to be rendered inoperable by an influx of water or some other eventuality, the remaining generators would still be able to provide the minimum amount of power required for the hull to maintain its position. Also, if a generator is stopped for maintenance while the ship is at sea, the number of generators would drop to four providing power and three as backups, meaning that in the worst case scenario it would not be possible to ensure the amount of power needed. Ensuring safety is of particular importance during drilling, so generator maintenance is carried out based around the drilling schedule.


  
    [image: Diligent work in the engine room is needed to keep the ship’s engines running smoothly. It is important for crew members to have their senses tuned to how the engine sounds or smells.]
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      	Diligent work in the engine room is needed to keep the ship’s engines running smoothly. It is important for crew members to have their senses tuned to how the engine sounds or smells.

    

  


  　“Once a ship leaves port, the crew members have to handle repairs and any other necessary tasks,” says Horie. “Particularly in the case of CHIKYU, which is undertaking a major mission, there is an emphasis on being able to continue operations in a safe manner. In the engine room, we use our senses when operating the machinery and are always on the lookout to ensure that not even the slightest abnormality is overlooked.”


  　When the generators are running, the temperature in the engine room can climb to almost 40ºC. But having crew members in the engine room allows them to avert serious problems by immediately noticing a tiny oil leak, some vibration, a strange noise, or an unusual smell. Of course the machinery has built-in sensors that trigger an alarm if something is wrong, but Horie underscores the paramount importance of actually having someone on hand to notice what is happening.


  　This policy of keeping capabilities focused on-site allows a flexible response to any unexpected situation. CHIKYU uses seawater to cool its engines, but following the earthquake and tsunami disaster of March 11, 2011, huge amounts of flotsam were washed out to sea and this clogged up the cooling pipeline inlet filter. Left unchecked, this blockage would have eventually disabled the cooling system, causing the generators to shut down. This outcome was avoided by the engine-room crew taking the unprecedented measure of cleaning the filter of trash every 10 minutes, thereby ensuring that the ship’s electrical supply was not interrupted.


  　“Even though machinery is evolving rapidly and becoming more and more convenient to use, the basic principles never change much,” notes Horie. “Our aim is to pass on to the younger crew members the wisdom we have acquired by making use of all our senses and our experience.”


  Originally written in Japanese by Aiko Hayashi;Photo by Kunio Arai;English translation by Japan Echo Foundation.


  Links


  Movie（YouTube）
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      	The deep sea drilling vessel CHIKYU is at the forefront of research on the Earth’s interior. Who are the ship’s crew members and how do they view their work? Here we take a look at the people behind the scenes who are supporting the research voyages to explore the inner secrets of the Earth.
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  For the Future


  An Interview with Captain Yuji Onda
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    Interviewee

    Captain

    Yuji Onda

    Mantle Quest Japan Company Ltd.

  


  The CHIKYU was in port at Hachinohe, Aomori, with 48 visiting elementary school students aboard when the Great East Japan Earthquake struck. The resulting tsunami was over 8 meters high and engulfed her in a swirling torrent of muddy, debris-laden water. Fortunately, all hands escaped unharmed, and damage to the hull was kept to a minimum. Below, Captain Yuji Onda describes what transpired on the vessel that day.

  (Published in March 2012)


  Courage to Make the Right Decision


  　At the time of the earthquake, I was in the Captain's ready room. The ship heaved up and down, much more so than during the quake we had experienced two days prior. I rushed to the bridge to check the surrounding conditions and noticed black and white smoke emanating from a nearby factory. I reassured the visiting elementary school studentssome of whom were quite scared by the shakingthat "as long as you're aboard this ship, you'll be fine."


  
    [image: Water pouring over the Hachinohe seawall]


    ▲Water pouring over the Hachinohe seawall

  


  　The quake was less of a threat to the ship than the tsunami that followed. After initial warnings predicted a 1 meter tsunami, I judged it would be a danger to the ship. I immediately suspended loading operations and ordered all personnel aboard. At the time I was relatively relaxed because I expected the ship to safely withstand the tsunami, even while moored at the dock.


  　However, at 15:30 the forecast height of the approaching tsunami was revised to 8 meters. At that level, the ship could be thrown upon the seawall and heavily damaged. I wanted to leave port for open water as soon as possible, but this typically requires about 40 minutes. Not enough time remained to escape ahead of the leading waves.


  　What is the best decision? For a brief moment, doubts crept into my mind. Ensuring the safety of ship and crew is the highest priority for the captain of any vessel, but the CHIKYU is tasked with a unique mission and a tight expedition schedule. The stress of making a decision was enormous because there is simply no substitute for the CHIKYU in earth exploration.


  Deep Bonds from Shared Adversity


  　After a brief hesitation, I decided to undock the ship and sent crew ashore to release the mooring lines. However, from our vantage onboard the CHIKYU we soon visually confirmed the tsunami steadily approachinga standing wall of white water stretching across the horizon. I immediately ordered the crew back aboard, abandoning the plan to release the lines.
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    ▲Water pouring over the Hachinohe seawall

  


  　The tsunami struck, stretching the mooring lines thin. I ordered the crew to fully reel out the lines and cut then at their thinnest point, near the end, to separate the ship from shore. The tsunami overflowed the seawall and poured inland. When it again flowed back out to sea, it carried massive amounts of debris into the harbor, and we were tossed and turned by the maelstrom as though we were caught in a washing machine, I piloted to the middle of the harbor and tried to drop anchor, but was unable to hold position or steer. When the CHIKYU picked up speed in one direction, my basic strategy was to reduce that speed by maneuvering in the opposite heading. This was enough to ride out the worst of the waves; while we did sustain some damage, considering the conditions we were in, I believe we got off very lightly.
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    ▲The tsunami washes into Hachinohe Harbor

  


  
    [image: The tsunami washes over the harbor]


    ▲The tsunami washes over the harbor

  


  　The next afternoon, a Maritime Self-Defense Force helicopter landed on the ship's helipad and evacuated the elementary school students. I was prepared to wait days or weeks for their rescue, so I was relieved that I was able to send the children home sooner than expected.


  
    [image: The ship's track during the tsunami]


    ▲The ship's track during the tsunami

  


  　A crisis like this is enough to make anyone feel terribly worried. At times like this, though, it is more important than ever to speak up and provide explanations of the situation. It’s vital to be able to explain why it is safer to remain aboard the ship than to evacuate ashore, or why we need to steam away from the shoreline right away, for instance.


  
    [image: Inside the ship]


    ▲Inside the ship

  


  　Prior to leaving port after the quake, we received invaluable support from many people around Hachinohe. To this day, when I meet those people and everyone who was aboard the CHIKYU during the tsunami, we tell each other "good work" and "thank you." Our connection through this experience will be a tremendous contribution to the success of our upcoming scientific expeditions.


  Originally written in Japanese by Aiko Hayashi;Photo by Kunio Arai;English translation by Japan Echo Foundation.


  Links


  Movie（YouTube）
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      	Tsunami hits the CHIKYU at port of Hachinohe on 11 March 2011 - Part1

    

  


  
    [image: The tsunami arrives at Hachinohe Harbor]
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      	Tsunami hits the CHIKYU at port of Hachinohe on 11 March 2011 - Part2

    

  


  Close up


  CHIKYU in Scale
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