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Damages to Energy Infrastructures
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Abstract

Working Group 5 (WG5) was organized with support from the JSME Power and Energy System Divisic
investigate energy policies and to research and analyze various issues related to energy infrastructures,
nuclear power stations, thermal power stasi, hydroelectric power stations, power transmission an
distribution systems, gas stations, and oil factories. In order to cover a broad range of topics, the
subworking groups (A: Nuclear Power, B: Thermal Power, C: General Equipment of Energstinétures,
and D: Energy Policy) were established within WG5 from the standpoints of production, supply, and u:
energy. The significant results obtained by eachvgoiking group are reported herein.
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1. Damage survey of poweplants

The Kanto and Tohoku regions along the Pacific ceast severely hit by the Great East Japan Earthquaake
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 Higode arehe five nuclear power plants,
Higashidori, Onagawa, Faushima Diichi, Fukushima Daini, and Tokai Daini, and the nine thermal power plants
including the one pilot plant ofntegrated gasification combined cycle(IGCC), Sendai, Shirsendai, Shinchi,
Haramachi, Hirono, Nakoso, ithchinaka, and Kashima.he feld surveys wereonductedat the underlined planta
Fig.1
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Fig. 1 Nuclear and thermal power plantgtie Kanto and Tohoku regisralongthe Pacific coast.
1.1 Nuclear power plant

Figures2 and 3 showthe tsunami hitting the Fukushima Daiiatmiclear power planand thereacte buildings
damaged bythe hydrogen explosiorthat wascaused by the subsequestiation blackout and core nediwn,
respectively. Based on the resultstioé investigation and analysis of the accidentlret Fukushima Daiichinuclear
power stations the fdlowing importanttechnical issues wemecognized(a) important equipment such as emergency
batteries and emergency generators should be stored or located Hnesstant areasind (b) powesupply cars and
switchboardsshould be placedn higher groundAn investigation waslso conducted on the accident management
First, it was estimatethat thenuclear reactor coref unit #1 was under complete exposurefdre 18:00JSTon 11
March 2011 (Aritomi, 2012). This implies that there was lgna very limited amount of tim&uring the accident
management to avoid serious outcanseich aghe release of radioactive tedals into the environment. Furthermore,
it was consideredhat the persons in charge at the site, the central office ofothgElectric Power Company and the
headquarters othe Japanese governmendid not adequatelyrecognize the aforementioned serious situation
Understanding the spatial and temporal development of the events expected after the occuarescedent ad the
information of the plant status are thasisusedto take appropriate accident management procedures. Therefore,
instrumentation systents determinehe plant status should be available under any circumstabuoesg the pasé40
years since unit #1 of the Fukushima Daiichhuclear power planbegan full operationvarious experiences and
effective safety measurgeertaining to a possiblauclear power planaccident including TMI-2, have accumulated
(U.S. NRC, 2002 Additionally, the outcome of the researchesnasevere accidestcarried out bythe Japan Atomic
Energy Agency (JAEA) and Japan Nuclear Energy Safety Organization (JNES) were réjdarted 201), but the
knowledgeobtainedfrom these wasinfortunatelyn o t used suf fi cifoethairhpyoveentrofthBk ai z e
existing nuclear power plants JapanIn the investigation report of the TMI accident that was published over 30
years ago, it waslreadypointed out that when new knowledge is obtainédhould be applied immediately to
existing plants to extract new important issues, maintain the effort for kaizen, aredanae the institutional design
(P r e s i crenmmissi@nsrihe accident at Three Mile Island979. In addition, unit #1 waseVveloped by the General
Electric Company as a turnkey project; in other words, unit #1 was not developed by |3SN# of this, it may be
obvious thatit was of particular importance to thoroughly investigate the previous accidents at nuclear povger plan
and the outcome of severe accident research to imgheveafety features afuclear power plants in Japan. As a
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response to th&eptember 1httacks,the United Statedluclear Regulatory CommissidtS NRC) pointed out the
possibility of a nuclear poer station blackout caused by terrorism and requested a countermeasure be taken to ensure
that the cores can be cooled under any circumstance (US NRC, RG4 2. our deepestegret that we did ndbllow
such a measure, but this will certainly be iagefor futureoperations

Many important lessons wesdsolearnedfrom the eventghat occurredat thenuclearpower plants (NPPs) other
than the Fukushima Daiichinuclear power plant. At the Tokai Daini nuclear power plémg, Japan Atomic Power
Company increased the height of the wall surrounding the seawater pump and improved théghisiess of the
penetration sections; these measures were thkéore 11 March 2011in response ta map that showed where
flooding caused by a tsunami waspected as providedby Ibaraki Prefecturein October 2007 As a result of
implementingthese countermeasurdsjo out of the threeseawater pumps fahe emergency diesel generatorsre
able toavoid the floodingcausedoy the tsunami (Fig. 4). The Fukushini2aini nuclea power plantwasstruckby a
tsunami that waigher than expected, batcool shutdown was achieved by prompt operatiovisich included the
implementationof temporal electric cables anke transportation and placement of alternative pungtons (Fig. 5).
This confirmed the importance of prepiaig backup systemsreatingmanualsfor accident managemerdnd ensuring
the use of alternative equipmenh the Onagawanuclear power plantan electrical short circuitoccurredin a
high-voltage pwer paneland causé afire, which threatenedhe seismic clasS equipment.As for the Fukushima
Daiichi nuclear power plantisaster,the seismic clasS equipment of thenuclear power planunits that were
investigated was not damaged due any of thihg@aakemotions. Thus, it can be considerdbat the precautiomary
measure takenfor earthquake moticgwereappropriate. Howeveg re-examination is required for the possibility that
the functiorality of the classS equipmentvasinfluenced by the dange ofthe classB and/or C equipment caused by
the subsequeriires. Anothernotableeventoccurred at th®©nagawanuclear power planDuring this event, lthough
the tsunami height was less than the ground height, several pumps were floededthesunamj which caused the
emergency diesel generataesfail. 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 causedhe tloed
reactor building by the sea water (Fig. Bhe box top was very weak because the tide indicator was added after the
nuclear power plant began operatimghout takingthe risk of floodinginto careful considerationhis is anmportant
examplethat showshatmeticulousattention is neededhen implementingountermeasusdo ensurevatertightness.

Cross section of Fukushima Daiichi nuclear power plants (unit #1)
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Reference: The Tokyo Electric Power Co., Inc. Release
[Online] http://www.tepco.co.jp/tepconews/pressroom/110311/index-j.html

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 ofthe Fukushima Daiichhuclear power plantafter theoccurrenceof the hydrogen
explosiongCourtesy of Air Photo Service Co.)
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Fig.4 Layout of the seawater pumps for the emergency diesel generatorsTak#ieDaini nuclear power
plant (The Japan Atomic Power Company, 2011)
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Fig.5 Layout of the temporal electric cables arttie transportation and placement thfe alternative
pump motorst theFukushima Daii nuclear power plant (Tokyo Electric Power Company, 2012)
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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 thieuilding next to the nuclear reactor building of unitfédded at the Onagawa
nuclear power plant (Tohoku &dtric Power Company, 2011)
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