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Abstract 

Working Group 5 (WG5) was organized with support from the JSME Power and Energy System Division to 

investigate energy policies and to research and analyze various issues related to energy infrastructures, such as 

nuclear power stations, thermal power stations, hydroelectric power stations, power transmission and 

distribution systems, gas stations, and oil factories. In order to cover a broad range of topics, the four 

sub-working groups (A: Nuclear Power, B: Thermal Power, C: General Equipment of Energy Infrastructures, 

and D: Energy Policy) were established within WG5 from the standpoints of production, supply, and use of 

energy. The significant results obtained by each sub-working group are reported herein.  

Key words : Nuclear power plant, Thermal power plant, Field survey, Energy system, Energy policy, 

Questionnaire survey 

 

1. Damage survey of power plants 

 

The Kanto and Tohoku regions along the Pacific coast were severely hit by the Great East Japan Earthquake on 

March 11 in 2011. Damage surveys of nuclear and thermal power plants were narrowed down to the affected area of the 

earthquake and tsunami. The surveyed power plants are listed in Fig. 1. Those are the five nuclear power plants, 

Higashidori, Onagawa, Fukushima Diichi, Fukushima Daini, and Tokai Daini, and the nine thermal power plants 

including the one pilot plant of integrated gasification combined cycle(IGCC), Sendai, Shin-sendai, Shinchi, 

Hara-machi, Hirono, Nakoso, Hitachi-naka, and Kashima. The field surveys were conducted at the underlined plants in 

Fig.1. 
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Fig. 1 Nuclear and thermal power plants in the Kanto and Tohoku regions along the Pacific coast. 

 

1.1 Nuclear power plant 

 

Figures 2 and 3 show the tsunami hitting the Fukushima Daiichi nuclear power plant and the reactor buildings 

damaged by the hydrogen explosion that was caused by the subsequent station blackout and core meltdown, 

respectively. Based on the results of the investigation and analysis of the accident at the Fukushima Daiichi nuclear 

power stations, the following important technical issues were recognized: (a) important equipment such as emergency 

batteries and emergency generators should be stored or located in water-resistant areas, and (b) power-supply cars and 

switchboards should be placed on higher ground. An investigation was also conducted on the accident management. 

First, it was estimated that the nuclear reactor core of unit #1 was under complete exposure before 18:00 JST on 11 

March 2011 (Aritomi, 2012). This implies that there was only a very limited amount of time during the accident 

management to avoid serious outcomes, such as the release of radioactive materials into the environment. Furthermore, 

it was considered that the persons in charge at the site, the central office of the Tokyo Electric Power Company and the 

headquarters of the Japanese government, did not adequately recognize the aforementioned serious situation. 

Understanding the spatial and temporal development of the events expected after the occurrence of an accident and the 

information of the plant status are the basis used to take appropriate accident management procedures. Therefore, 

instrumentation systems to determine the plant status should be available under any circumstances. During the past 40 

years, since unit #1 of the Fukushima Daiichi nuclear power plant began full operation, various experiences and 

effective safety measures pertaining to a possible nuclear power plant accident, including TMI-2, have accumulated 

(U.S. NRC, 2002). Additionally, the outcomes of the researches on severe accidents carried out by the Japan Atomic 

Energy Agency (JAEA) and Japan Nuclear Energy Safety Organization (JNES) were reported (Nariai, 2011), but the 

knowledge obtained from these was unfortunately not used sufficiently for ñkaizenò or for the improvement of the 

existing nuclear power plants in Japan. In the investigation report of the TMI-2 accident that was published over 30 

years ago, it was already pointed out that when new knowledge is obtained, it should be applied immediately to 

existing plants to extract new important issues, maintain the effort for kaizen, and to re-examine the institutional design 

(Presidentôs commission on the accident at Three Mile Island, 1979). In addition, unit #1 was developed by the General 

Electric Company as a turnkey project; in other words, unit #1 was not developed by JSME. In view of this, it may be 

obvious that it was of particular importance to thoroughly investigate the previous accidents at nuclear power plants 

and the outcome of severe accident research to improve the safety features of nuclear power plants in Japan. As a 
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response to the September 11 attacks, the United States Nuclear Regulatory Commission (US NRC) pointed out the 

possibility of a nuclear power station blackout caused by terrorism and requested a countermeasure be taken to ensure 

that the cores can be cooled under any circumstance (US NRC, 2012). It is of our deepest regret that we did not follow 

such a measure, but this will certainly be in place for future operations. 

Many important lessons were also learned from the events that occurred at the nuclear power plants (NPPs) other 

than the Fukushima Daiichi nuclear power plant. At the Tokai Daini nuclear power plant, the Japan Atomic Power 

Company increased the height of the wall surrounding the seawater pump and improved the water-tightness of the 

penetration sections; these measures were taken before 11 March 2011 in response to a map that showed where 

flooding caused by a tsunami was expected, as provided by Ibaraki Prefecture in October 2007. As a result of 

implementing these countermeasures, two out of the three seawater pumps for the emergency diesel generators were 

able to avoid the flooding caused by the tsunami (Fig. 4). The Fukushima Daini nuclear power plant was struck by a 

tsunami that was higher than expected, but a cool shutdown was achieved by prompt operations, which included the 

implementation of temporal electric cables and the transportation and placement of alternative pump motors (Fig. 5). 

This confirmed the importance of preparing backup systems, creating manuals for accident management, and ensuring 

the use of alternative equipment. In the Onagawa nuclear power plant, an electrical short circuit occurred in a 

high-voltage power panel and caused a fire, which threatened the seismic class-S equipment. As for the Fukushima 

Daiichi nuclear power plant disaster, the seismic class-S equipment of the nuclear power plant units that were 

investigated was not damaged due any of the earthquake motions. Thus, it can be considered that the precautionary 

measures taken for earthquake motions were appropriate. However, a re-examination is required for the possibility that 

the functionality of the class-S equipment was influenced by the damage of the class-B and/or C equipment caused by 

the subsequent fires. Another notable event occurred at the Onagawa nuclear power plant. During this event, although 

the tsunami height was less than the ground height, several pumps were flooded due to the tsunami, which caused the 

emergency diesel generators to fail. The top of the box containing the tide indicator was blown off due to the increase 

in sea level caused by the tsunami. As a result, the reactor building was connected to sea to cause the flooding of the 

reactor building by the sea water (Fig. 6). The box top was very weak because the tide indicator was added after the 

nuclear power plant began operating without taking the risk of flooding into careful consideration. This is an important 

example that shows that meticulous attention is needed when implementing countermeasures to ensure water-tightness. 

 

 

 
 

Fig. 2  Layout of the seawall and an image showing the tsunami hitting the Fukushima Daiichi nuclear power 

plants. 
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Fig. 3 Reactor buildings of the Fukushima Daiichi nuclear power plants after the occurrence of the hydrogen 

explosions (Courtesy of Air Photo Service Co.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Layout of the seawater pumps for the emergency diesel generators at the Tokai Daini nuclear power 

plant (The Japan Atomic Power Company, 2011). 
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Fig. 5 Layout of the temporal electric cables and the transportation and placement of the alternative 

pump motors at the Fukushima Daini nuclear power plant (Tokyo Electric Power Company, 2012). 

 

 

 

                          

                                                       O.P. (Onagawa peil) is 0.74 m lower than T.P. (Tokyo peil).  
                                       * The levels are taken into account the earthquake deformation (about -1 m). 

 

Fig. 6 Image showing how the building next to the nuclear reactor building of unit #2 flooded at the Onagawa 

nuclear power plant (Tohoku Electric Power Company, 2011). 
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